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�� ��������	
��
����	���
�, ������	���� !, "��

���#$%&�'(. �)*
*+�
�,�-./�01�2#����3 456�789

: 	;<, =>-��?@A5	;<%&BC	DEFG. H
IJ,'K� !�L	MNO

PQ,RST 6.5~3.1 MaBP, UVWX6Y !�	,�Z[ST 5.25, 5.16 4.4 MaBP. �)*
J

+\
�]^6�/_`ab	�cd�, efZ[ghijk 5.25 6 4.4 Ma. ef	3 lm(6

nopq: rstu������#vdwixy?@	z{|}, ���#>�~��
	��

�����=K���������	��.

��� ���������� 	
���
 ������ ���

��������	
��
��������

���������� !"#$% , &'()�

*(+,-./!0-1� 23456!7%[1~4],

�&89:;<!=>?@AB��������

�C<D!E./!�FGHIJK0. LM, NE

+,-O,P�Q/R$%!SE0-1� T:

U, VW 20XY 800-Z[&'+,-O,P�Q

��C23!7%[5~11]\]^_E`, abcde4

fg!78hi%. ?j, kl���m�����

��!no , pKqr&'()�*s+,-;<

O,P�Q/R!./!SE0- , tJpKu9

;<O,P�Q/R , v�u9;<wx!i,�

yz!SE0- , {M|}�~�!����SE

p0!&'()+,-��>P�Q��0-� ,

E78h=>&'+,-O,P./	,P���,

���������;<!��.

�����m��!�� , ��������

���.�+,-./7�O.�0-pK , ?�

V�./&i�4� !��>P�Q , �&i�

�/RtJ!&'¡¢£¤(Anancus sinensis)�¥\

¡¢£¤(Anancus cuneatus)�Q[6], ¦�B+,-.

/&!��§-��!F¨ , ©�9ª
6«��

�¬(­�i�. ®©&'8¯°��IJ!0-,

±²³´µ [6]¶·V¸��>P�Q¹i�R�º

�»¼½�¾¿YÀ½./&!ÁÂ , Z����

.i�!¡¢£¤�ÃWÄÅ�.Æ�ÇÄÅÈÉÊ

!ËÌxËEÍ, =§�b-��Î+X, M�©Ï

�W���aw! Pentalophodon simplex � P.

pingliangensis ÐÑÏ�BÎ+XÒÓÔ+XÕ!Æ

P [7~9]. ?j , tJ§KVÖ9wx!0- , ×ØE

���.���Ù(ËÌ�.&./0-!JK�

��¬(>P��W���m���� , ÚBE�

Û�©+,-./&!§- ÜÏÝ­�ÞF_J

!ß1��.

1 ���������	

���.R���Ù(s	ÀàÎáâãäZ*

�åæäZÙ, (Z��¬ç�èéç*ê�ë, ¬

¶ãìç, *íîïðç, Ùñòóôõç, �.ö

÷ø�ùú 3100 m, Àà{�.öÎûü4 900 m,

\] ýþ., ������AR�¾ 1 ýþ.Î,

�ùú 2230 m (� 1). ���.w��-�	./
,

â�./F
�òóç�
[10], 

���O-	�

�Y	¾�YW¾¿Y./, �&¾����F�,

��6, Wû��Oë	���ø������, W

Î�¾¿�÷����Ó���� . +,-./�

 i!. 18850"#(L. V. Loczy)$�.
!8�¼

%ç&-à'Ë()*+�“���”Ó“��|,”,

-¶�&i�!Myospalax arvicolinusK�b-�Î

+X . .[8¸/R���gE�../�f0�
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�a!1F�2[6,12~14], -$�348Ér56�7

ó>P8�Q!à'Ë()19�ûÙç: , M�

Î8��;<P=!à'Ë()1�Î>: [12~14].

©������.ûÙç:&i�6?!��>P

�Q, @� 109wx, �AöBÍ�/C, ®ø��

'()º�»56�7ó>P8&! 2F¨ , D

Sinocastor sp., Gomphotherium sp., Hipparion
platyodus, Chilotherium sp., Axis sp., Palaeotragus cf.
decipiens � Gazella gaudryi ´, b-��&+X[13].

�34Î>:iE�8F��>P�Q, @� 8wx,

G<� Anancus sinensis, A. cuneatus, Happarion cf.

tchicoicum, Axis shansiulis, Chilotherium sp., Gazella
kueitensis, Mymomys sp., Felis sp., Ochotona sp.�

Leporidae indet.´[6,13], �& Anancus sinensis � A.

cuneatus {H2�º�»“�7ó¼½”&[6], MIJ

K´µ[13]Ï�L�i�! Happarion cf. tchicoicum

B8MºN�OPQ	R��P�!�7ó, '
S

¹2�ËT� Ruscinian »Ó�U»./&, ¦�V

aWXÎ>:!b-�Î+X[6,13]. ÎY�����

%$Z[!�\./��]û4^_!�`.

� 1 �������	-
��
���(�)���	��
��(�)

a·��E�../!Cb [14], ÕhJK�.

+,-./©c\Î_de�6sF:] , feP

Q!g¼-h¼%ijc	ic�ki=lc:]!

m¾��, ¦G<����.noDpqð8Ér&

sG<�ô%(s¼	t	tu	v%)lc�kic

wic�xt%ltcrÎsG<�6�t%jc:

] . ©yzà8É�.&s�Îs./i!�{�

(� 1). ©yzàà|�34}~�-è���ö��

!ô%lc�kicAB��$��Q!./ , ¦

ËT�&s./!�s, -��((��Ó�.no)

)�Æ,_d��Ë�. ©��(sË��t%	½

À%jc	icW�v¼%kic, �Îf����

.!6�t%jc, © ��ñ��8É��~�,

-��������m!ÆP(� 1). ?j, r�Q

!�34}~�-è���ö0-!tJ�K, ×Ø

BE�.��o.
./1F	���m, ÚBEO

,P�����K0, ­Bñ�;<!.

Û��\./e-�./û	Îs!}~��ö

�è���ö:], �� 384 m, �ö�>�8�/

ic��/7�(� 1, 2). �34}~��öÂp�

�� 227 m (� 2), r�/��$�!�Q/, ¶c

\	()�,��QPQ, ./1F� 14 9c\:

�/([F� 55/). {ÎMû, ./��QZ�W±

²³´[6]1F/REÍ�YDû:

14. �����������, � 12 m

12~13. ��� ��!"�#���$"%�� ,

�&!'"�(()*+, 3 -, ./012[6]31~33 -),

� 16 m

11. ���������34�"�(()*+, 3
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5-, ./012[6]30-), � 8.5 m

10. 34#���!"�6-, &78-9:;<=

> , ?+, Anancus sinensis, Axis shansiulis @ Gazella

kueitensis (./012[6]29-), � 14.5 m

8~9. �A���B�C������34@���

!"�, &DCE=>@9:;<=>FG(()*+, 10

-, ./012[6]23~28-), � 30.5 m

7. ��@�������-���34�&!'"

�@"�(()*+, 5-, ./012[6]18~22-), � 35
m

6. 34@��!'%"�, HA,�%"�, &7 2

-9:;<=> , ?+, Mymomys sp., Ochotona sp.@

Gazella kueitensis(./012[6]17-), � 5.5 m

5. ��#�����C$"%�����"�(()

*I+, 6-, ./012[6]11~16-), � 15 m

4. ���� , &7 1 -9:;<=> , ?+,

Hipparion sp., Chilotherium sp., Gazella kueitensis@ Axis

shansius(./012[6]10-), � 3.5 m

2~3. ��#�����6- , ���&!'"�@

!"�, &DE=(()*+J 16 -, ./012[6]1~9

-), � 56 m

1. ��C�����#��&!'"�6-, &DC

E=>(()*KI+, 95-), � 20m

è���öÂp��� 180 m(� 1), eûMÎ

1F� 9/(11~19-):

11~14. L�
�, � 45 m

15. M4CN����C$"�@"�6-, O�P

-"%!'�, &9:;<=> Happarion cf. tchicoicum,

Hipparion sp., � 55 m

16. M4CN��$"�#"%!'�6-, � 16 m

17. ���-"%!'��M4�"�, � 14 m

18. M4�"�C$"�#��!'�6-, � 25 m

19. ���-'��M4�"�, � 25 m

2 ��������	
��
��

�2��$��Q!�34��}~��ö7

� 2 m� ´¡¢#£, è���ö 2~3 m� #£,

¤3K�£¥ 183:V 560 9. }~��ö¾8	

}�£¥�è���ö¾8�£¥V 360  9©	

¦61*s��§!s;¨Âo©O.�WcQ�

1Âo©Üª' ASC«¬ TD-486­?®¯�°7

�®¯�±² , £¥³�´�©µ¶ AGICO «¬

JR-5A�I�·¸�¹°Î7�pKº®¯�°£¥

�|�·¸�¹°£¥pKsRø»�66¼3½

¾.�¿ÀÁ&Â(20 cm ÃÄ
Å
Æy�Ç��

20 ÈÉ), ZÊ6Ë�yÌ.�Ç!ÍÎ. ¯���

����ac\�/R!£¥© 25~685ÏÐÑ
7

� 18 h�Ò®¯�, 6 Ó£¥ø����Û8Ô

!��ÕÖ, f©ú 200Ï³�×?´��Ø�i,

4�6!¸Ù, -�4ÚÛ³�!ÜÌº350~400ÏÝ

f, �¸Þñß 500ÏÝf, ³�)��à�m�á

���âK!�¨ã�, ´�© 580Ï��_dä�,

Lfåhæçä�, ¯èú 600ÏÝf³�$Odé

êë, © 685Ïêë�ì, M³�)�âKW��¨,

�_V8³�]F��,³� , �íÉîPÃïG

<�ðñî��ñîº?j, �ò£¥a·�Ò¯�

JK!PQ³�!¯�à�7� 2~3h¯�Fó. }

~��ö¾ 3�£¥�è���ö¾ 2�£¥V 200

 9©ª'ôõa61O.�Âo©.�¿À©&

4h(550, 580, 600� 650Ï)®¯�±²f, � 2Gö

÷�¹°ÎpK. 3 �£¥nøõ3÷øf3�PQ

³�)� , Lf¶PQ³�)�!�ùØ��úØ

@ûü.�ý(VGP)!þ�, �ßÊf./��!�

ý\.

� 2 �pK!./O.�)��ý\���!

��. ¦�_O.�1p?©}~��ö&V�� 6

9��!��ý(N1~N6)� 6 9��ý(R1~R6), ©

è���ö&V�� 39��!��ý(N1~N3)�Ö

9��ý(R1~R2)(� 2)ºDZ�Q��!./	
0

�Î+X��` , ��i�}~��ö�X�!.

�ý\��ÃW�tý\0�[15]&!ì3
P�ý

\X�ý\X 3An 7�� _!EÍ , f��ý

N1~N4 F�EÍ�ì3
P�ý\X&! 4 9��

ý\Á�����î¶	ß��	*�����èÁ

�, ��ý R1~R5 EÍ�ì3
P�ý\X&!�

ý\sF, òû!Ö9��ý N5 � N6 ���!�

�ý R6 Ð�Bý\X 3An &!Ö9��ý 3An.1n

� 3An.2n����ý\ 3An.1r!��(� 2). è��

�ö�s��!��ý N3?�W}~��ö��ý

N1 awic��/, c�����î¶Á�!��,

R2 ÐBì3
P�ý\X!ÊÎs(� 2). V£, Z

��ý�G!�ö&Îs�B����X!�� ,

�&!����ý R1ÃEÍ���X&!ó��Á

�, EÍC¤3!�ö�ý\��-0-�Û��\

��, ()�H©ú 6.2, 5.2� 3.6 MaZ[�_d 

4(� 3), WV¸b»�öi!�;<!ic��ö

Îs��jc!ÁÂ8Ô, O.�!!"B�²!.
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(a), (c), (e): ������VGP ��	
��; (b), (d), (f): 
�����VGP ��	
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��, ������	
��
������, ��

������	�� 6.5~3.1 MaBP, ���� !"

#$��%&'�� 5.25, 5.1 4.4 MaBP.

� 3 ������-�	
��
����-��

���
����������� !

3 �����

Bohlin 1938 �()*+,-.�/0"#12

3*+,/0(Gazella kueitensis), 45$678, 9

:���;%<=>5?@ABC. DEFG:[6]H

+,IJK.$���� !"#$LMNOP*

Gazella kueitensis, QR+,/0S*TU�$6 

VW��% , 9XH�Y.Z�[\].$L^_

`S�Na , aHbc�d.���ef�gh�

�%�� 5.3~4.4 Ma, i[\]jC, Q�H.$�

�LS*fU�kl . �!"#$mnSLopq

rsNa�Lotuvw , Q�Hpq.$xyL

SzV�kl, {�z|U��%�}~SU�. b

cd.���ef��%�� 4.4 Ma, >�[\]

�C . 45H�����������.$L^N

a��� Anancus��H, bc������
��

��.��H� 4.4 Ma BP�~S��������

�������  , �¡+,-..$���� 

¢��£"�¤¥���� £"¦§&��� .

+,-.¨[���©ª«�ª¬¢(­ 2), %e�

��®¯�� . IJK��°.$[±²65�©

ª¬¢³´, µ�¶�£�·�¬¢t$, �´¸¹

H-.Lº�¦�¶»�¼½¾�%e¿.ÀÁ�

ÂÃÄ���, mÅ, IJK��.$±²%e��

°¿.ÀÁµ��ÆÇVÈÉ���ÊË;C . I

JK������£"^ÌÍ.ef , °� 5.2

MaBPÆÇ, ����ÎÏÆÇKÐ, Ñ° 3.6 MaBP

ÆÇ, ����®¯ÒK 1Ó�[(­ 3). mÅ, ¸¹

¦��L��Ô"�¦.$��ÀÁ¡�����

£" , M�W¤¥���p�H�[\]�� <

=7ÕÖ� . ��×¹¡bcHØ��ØÙ-..

Ú.$Ô"�RP����p�°� 3.6 MaBPÛÆ

ÇÜÝ�Þ�×¹[16]ßà�W.

�� �����, ���	
��
��������

�����, �����
 !"��#$%&'. ()

*+,��-�./0	123	4567, �89:;

<. =,�>?@ABCDEF(GHI: 49871010)	�J

KCDLMNOPQRS	�?CD�TUVWXY(V�

Z [2000]005) 
 ? @ N [ E \ P Q ] ^ _ X R S

(G1998040809)`a.
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