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���(Limnocythere cf.inopinata)� Sr/Ca��,

�������
�������, � !"#�$%&'(. )*, +,-./01

"#23456-, 78!"#'(9:;<=>?�$%@ABC, � !&"#

�:;<=. DE,FG��	
�H�IJ'KL�:;<=���, ��&"#�

:;<=MN, $%OP!��&"#Q(,RST!U&VWXY.

��� ����� 	
�� �
� ��

������(PAGES)��	
	��
��������������, ������

��	��� !"#, $%&'()*����	+,-.	/0123456, 78�

9:'(;	<=>?. @A, BCDE�FG����HI	>J�KL, M=	'(NH

���HI��$>?OP>J, @���������;	BCQRSP. TU, �V$W

��������	XYZ[\]^_`�<a	��bc(de�fg�hi�jk�lm

no+p), �q>J	���HI��[1~8].

rstuvw, $jxylx;z{	|}~���+	�a�I���x����x

��a�I��	��, Gassep�[9]rU���	34��{��wD��:

t(�)=16.9 − 4.38(δ 18Oc−δ 18Ow + 0.27) + 0.1(δ 18Oc−δ 18Ow + 0.27)2. (1)

�; t(�)&~���+n��	x���; δ 18Oc&|}~���+	�a�I��; δ 18Ow&

T�x�	�a�I��. b�jkno+%�, `���jx	�a�I��|����

*��<�, � SMOW�& , ¡%(1)�¢£¤&:

t(�) = 16.9−4.38(δ 18Oc + 0.27) + 0.1(δ 18Oc + 0.27)2. (2)

¥¦jkno+;|}~���+(y�§¨�	~���©)	�a�I��, ª«(2)�¬

¢�
�jx��, @�«jkno+	�a�I­®¯/���	,°34[10].

b�±²³´lm%�, �µ¶·�¸lx	�a�I��<�¹><�	, º»H¼

½�l¾¿�Àx	�a�I���Áx¾¿�ÀxJ�Âl®	ÃQJ[11]. �;, ¿�Àx

	�a�I��rB>�ÄÅÆ±¢��3Ç��¹>, %Áx¾¿�ÀxJ�l®ÃQJ

¢«lx��ÈÉ, ¡Ê, Ë«(1)�ÌÍ�lx��	FGÎ�&: (Ï) �
lx	���;

(Ð) /0lx��!�a�I��	��D��.

ÇÑÒÓ±Ô�ÕjÖR�lx��>JKL��. Õj��±Ô�|×¾ØÙÚÛÜ
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ÝÞß�±(112à32á31â~112à48á40âE, 40à28á7â~40à39á6âN), �ãäåæ!äçè¾	�é

ê, b����ëìíî. ïlð¸�*Bñã�³´òó, &±²³´äôxl[12]. ¥¦

1986õ	(J56, lmö¿x÷ 16.05 m, søx÷ 7.41 m, ®o 133.46 km2. lmx�*ù

��ú��wûüÂl®Àx, xJ	ý{»H�ÃQ. lmno+;|}~���+Qþ,

���p���+�§��, �ÖR���HI>J��	,�bc.

1 ��������	


Chivas p�[13,14]`��	
�Â�
���, blm��;�C�����¨�Â��

}x�	�J�I����, �
����¨�;�J�I!lx��	>JD�. �;, �

B�>�����¨�	 Sr�J!��}x�; Sr2+�J	©��� Kd(Sr)	ú��&

Kd(Sr) = (Sr/Ca)���/(Sr2+/Ca2+)��. (3)

`�, lx	 Sr2+/Ca2+!�����DD�[15], �D��&

Sr2+/Ca2+ = AS + B. (4)
(4)�; S&lx��, A� B&��.  (3)�!(4)�!", ¬¢�
>JÌÍ���	#�

S = 1/A[(Sr/Ca)���/Kd(Sr − B)]. (5)

(5)�; S&�lx��, Kd(Sr)&�B�>�����	 Sr©���, (Sr/Ca)���&$eno;

ï�����¨�	%�.

Ç&��rÕj�CG�
'�ú(no+ . a� , 
«)#*+�¯^
�,

(livingstone)r-./x0(x÷ 12.6 m)

� 150 cm12	no$e(_ 1). b
'	ú(n

o+�3, 4¬56B37,  8����9�7:. r�±;{8����<, b=>�

(Limnocythere cf. inopinata)¨�	 Sr/Ca�Â
�Glx	 Sr2+/Ca2+���©z, ¥¦(3)�Ì

Í�
Õj=>���(Limnocythere cf. inopinata)	 Sr©���(ú 1). 
'Õj<a/�Â

÷�	lx�3, a�©z���� Sr2+/Ca2+�, 
«ö?@ABb��� Sr2+/Ca2+���C

� 1 �������	
���
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 1 �������(Limnocythere cf. inopinata)� Sr����

��� DH2 DH3 DH5 DH6 DH7

����	(Limnocythere cf. inopinata)

Sr/µg
g−1 1.31 1.89 1.56 2.93 1.91

Ca/ µg
g−1 71.94 121 81.72 144 108

Sr/Ca 0.0182 0.0156 0.0190 0.0204 0.0179

��

Sr2+/ µg
g−1 0.63 0.57 0.60 0.62 0.66

Ca2+/ µg
g−1 37.5 35.1 34.0 34.1 39.5

Sr2+/Ca2+ 0.0168 0.0162 0.0176 0.0182 0.0167

Kd(Sr) 1.083 0.963 1.080 1.121 1.072

���(� 2), ����	
��
 Sr2+/Ca2+

�����

Sr2+/Ca2+ = 0.005879S−0.008399, (6)
��������(R2)� 0.96, ������

A, B���� 0.005879�−0.008399.

� 2 cm�� !"#$%, &$%"#

'�()*+,(Limnocythere cf. inopinata)

-.� Sr/Ca/0�1, 2�134567�

�(5)8, ����	
7��9:�(; 2).


 2 �������


���/cm ��� Sr/Ca
�����

/mg
L−1

���δ 18O

/�(SMOW)

���δ 18O

/�(PDB)

�����

/�

2 0.015 3827 −0.04 −0.45 17.5

4 0.0191 4482 2.09 1.75 17.2

6 0.0206 4722 2.79 2.52 16.9

8 0.0165 4066 0.78 0.58 16.6

10 0.0184 4370 1.75 1.57 16.5

12 0.0171 4162 1.09 0.91 16.5

14 0.0143 3715 −0.44 −0.6 16.4

16 0.0137 3619 −0.79 −0.9 16.2

18 0.0186 4402 1.85 1.78 16

20 0.0189 4450 2.00 1.98 15.8

22 0.0081 2724 −4.63 −4.78 16.4

24 0.0191 4482 2.09 1.98 16.2

26 0.0171 4162 1.09 0.98 16.2

28 0.0149 3811 −0.10 −0.25 16.4

30 0.0153 3875 0.13 −0.01 16.3

32 0.0205 4706 2.75 2.57 16.5

36 0.0164 4050 0.73 0.59 16.3

38 0.0151 3843 0.02 −0.07 16.1

40 0.0128 3475 −1.34 −1.52 16.5

42 0.0142 3699 −0.50 −0.72 16.7

44 0.0151 3843 0.02 −0.19 16.6

� 2 ������ !" Sr2+/Ca2+#$��
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 2(%)


���/cm ��� Sr/Ca
�����

/mg
L−1

���δ 18O

/�(SMOW)

���δ 18O

/�(PDB)

�����

/�

46 0.017 4146 1.04 0.79 16.8

50 0.0193 4514 2.19 1.89 17

52 0.0117 3299 −2.04 −2.31 16.9

54 0.014 3667 −0.62 −0.93 17.1

56 0.0137 3619 −0.79 −1.11 17.1

58 0.0138 3635 −0.73 −1 16.9

60 0.0131 3523 −1.16 −1.5 17.2

62 0.0102 3059 −3.06 −3.38 17.1

64 0.0152 3859 0.07 −0.29 17.3

66 0.0155 3907 0.24 −0.05 17

68 0.0125 3427 −1.53 −1.8 16.9

70 0.0079 2692 −4.79 −5.03 16.8

72 0.013 3507 −1.22 −1.44 16.7

74 0.0232 5138 3.93 3.53 17.5

76 0.016 3986 0.51 0.13 17.4

78 0.0175 4226 1.30 0.87 17.6

80 0.02 4626 2.52 2.09 17.6

82 0.0178 4274 1.45 1 17.7

84 0.0175 4226 1.30 0.87 17.6

86 0.0144 3731 −0.38 −0.86 17.8

102 0.0213 4834 3.11 2.78 17.2

104 0.0172 4178 1.15 0.61 18.1

110 0.0067 2500 −5.79 −6.3 18

116 0.0178 4274 1.45 1.02 17.6

126 0.0121 3363 −1.78 −2.28 17.9

134 0.0212 4818 3.07 2.5 18.2

136 0.0183 4354 1.70 1.16 18.1

138 0.0133 3555 −1.03 −1.58 18.1

140 0.0133 3555 −1.03 −1.6 18.2

142 0.0153 3875 0.13 −0.44 18.2

144 0.0156 3923 0.29 −0.3 18.3

146 0.0114 3251 −2.24 −2.81 18.2

148 0.0157 3939 0.35 −0.24 18.3

150 0.0172 4178 1.15 0.56 18.3

2 ��������	
��
��������

��������	
���, 
����������, ������������

�����������.  !"#, ��$%&'�()*&+#, ��,-./0123

45��6��	
���78�����, 9$���:�6;��<=>. ?!@AB

C
: &D 5 m/s, 23��,EF�/�
 28G, ,-23��HIJKLMNO. PQ9

$�����:�RST�;��<=>UV . WX���:���VYZ[��\]

Williams[16]�^_`abc; ���;��<=>Z[��d;Ve-�fg�, h>�d;

Ve�i� MAT-252 jklmZ[Wδ 18O n, ?!opqr 3 st. ur 3 vw, xy:�

�z{, ��;��<=>|}3hUV, d~���������. BC���_��Y�
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j Y = alnx + b� !��������, bc

�i:��;��<�������


δ 18Ow = 13.49lnS − 111.33, (7)
������ !����� , ����(R2)


 0.995, u�,��i:��;��<=>�

������. ���sbc������:

�n5�(7)_, �vbc������;��

<=>(, 2).

3 ����������

���� X�e¡:¢ £¤¥¦
§

¨, W�§©��ª«���ª¬��­¨®

¯e¡:¢ , Wd§©���iXVY°��>�©he¡:¢ [17]. (1)_Xs��δ 18Oc


���i�VY°��>�©he¡:¢ �;��<=>. ±²¤bc³´����/

�, µ¶·¤¸���� XZM¹©he¡:¢ .

�º»T¼$,�, ½¾¿ÀÁ��X�e¡:¢ £¤
�ÂÃ, Ä­¨®¯e¡:

¢ ���©he¡:¢ ÅÆÇ����È, ­¨®¯e¡:¢ �ÅÆ
É 20 µm, ²�

�©he¡:¢ �ÅÆÊÉ 10 µm, ±�, ��MË���ZM¹ÅÆÊÉ 10 µm��� .

���� ��� 100%Ì¡� 25GÍ/�ÎXÏ} 12 h, �ÐÑÒÓÔ�Ï}h>� CO2

�i, 9$Wδ 18On(, 2). �sbc���©he¡:¢ �δ 18On5�(1)_, Õ5���

��;��<=>, �vbc����/$'n(, 2).

4 ��������� !

#­Ö×��, ØWÙÚ��ÛÜÚ��, Ù�ÝUVÞ
ßà�át`, ��:�Ïâ

�	�Ý�(ãUV; ��/���	�/ä¥�åUV��æ� [18]. ½çèé�sb 150 cm

êR��ÀÁ��ëìí� 14Cî59$, 14Cî59$�� Phamacial^ïð 1220j.½ñ

Ðiòó`�m, Z[ôõ
ÀÁ��X�¥ök, opwr 4. 
ë÷ø��ù	úûüý

�Ý�þV��, r 4�¹ë��$'�:�6��/UV. ur 4vw, 5 kaBP�§���

úë��(��ã�Ò(�uÒã	Ò(
V6�( 5��
.

5000~3970 aBP(150~116 cm). �� À�
����k�. �:�UV��
 3251~4818

mg/L, f�
 3917 mg/L. �ü
���/�
 5 ka§Þ�n, f� 18.2G. ����'��,

Ä¥�����üÇ�, £¤��¥�I���(Limnocythere inopinata)�WU�(Limnocythere

cf. inopinata), � ���(Limnocythere sanctipatricci), !"��É#:��, W4h�Z$

É%Ü&(q{'
()*+),ª(���«X, X-.��	/w¥����. ����,

��ü
��Ý
��(.

3970~3080aBP(116~100 cm). �0���k���k��1E, �¥���E. �E
�

���'2., ¸345¹����6i7, !"£¤
8���(Limnocythere cf. inopinata). �

E
¹4 5 ka §Þ.�:�n(2500 mg/L), �t�-�9: . ���/�;¥T� , 


� 3 �������	
��
������
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17.6~18.2G, f� 17.9G. ����,��üý��Ý��
�ã.

� 4 �� 5 ka �����	
�	����

����� 5 ka���� !�[19]. 1. "#$%&'; 2. ()*+; 3. '&,-; 4. ,-&';

5. (.)*+

3080~2010 aBP(100~74 cm). �0���k�. �:�<Dz{\¹4 5 ka§Þ
n(5138

mg/L). ���3= , >ë¹4�T?|���I���I , @¥�AÒ�j�BCD4�

(Ilyocypris biplicata)¹4. �E
���/�T�, ¸ 18.0G�E 17.2G, f� 17.5G. �tÒ

(��Ý��.

2010~300 aBP(74~18 cm). �0��k�����FD. �:��GHX<Dz{, �

��/�GHT�, \�E 5 ka §Þ.n(15.8G), f��/ 16.7G. �E
����'�\


8���(Limnocythere cf. inopinata), Ä¸T	����6i�'IJz�. ��áK�t

�ü
��ÝuÒã	Ò(
V, \Ä
V°�X¥�LM�GH.

300~0 aBP(18~0 cm). N�¥ök�. �:��GHT�E 3619 mg/LO, 	,EIJz

{; ���/�<DPQ, u 16.2G�QR 17.5G. �E����'��. Si7, �üý�

Ý��
�(.

�½Tsbc��� 5 ka§�/UV���UvV[19]*° Ý��sbc�X- 5 ka�

/��|�W, 34d~X½�æ(r 4). 5.0~3.1kaBP, �¸YZTVR[\]^, 
_$�`

ý. ���/� 4kaBPab¥�çcý�<DT�, \dx�-�ef�Q. �üýghiÁ

jkX¹4lm�Òn[20], opqrTVst/jkRë�üý�/�uvT�, wæxy

%z{| 1}.[21] 3.1~2.0kaBP, �¸~���R��ü5, �/W��;¥T�, ���É45.

���/¸ 3kaBPab��<DT�, �-/efÔ�, �tX-���`ý�o�[22]. � 2

ka§, ���-�QÔ�, �//�QT�, E 17����/�R�Þ., W��/¥�çG

H.

�� ��������	
��
��������; ����� Sr � Ca ����

������� !"#$�%&; '()*+,-."#/ Roland Schmidt 012345
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