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LMNO@7GPQ RSHT6 gnathodidsEU�&#�$%. VW"XY��-��Z[\9

E(F)���]#^�, _7`��a���bc�d, e Siphonodella �d, Gnathodus typicus

�d" Gnathodus bilineatus�d, fgh�O praebilineatusi6j�klmbc�d6no�.

pq
�r������-�����������stu5Pvwxyz��, ��!s� 58

6j, ����6���$%O@ Gnathodus semiglaber{�U Gnathodus praebilineatus6|}.
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�)�����������,  !"#$%&��

'()�*(GSSP). +,&��-.()�/��

'01234, �45678 150 m[1], 9:��;

<=>?@A/BCDEFGH'IJ�/, K��

LMNOPQRSTU(V 1). WXY�Z��F[

\]^��_QO`ab�c� Bastion d2We�

fg�(� 141)'hi, �jklm� Paragnathodus

homopunctatus A!no Eoparastaffella Q&d2p

'qr>st. uvwxyz{eB|�2}~a

' , ��D�QCDEFp'qr��,{e�

j[2].

Lane �[3]�t��A��'lm���, ^�

�_Q Gnathodus taxanus 'qr, �������

��d2pCDEF'�y. Sevastopulo[4]����

���'��, ����PQ'����LM��,

�lm� Scaliognathus anchoralis'qrA!no�

 ¡o�(archaediscusids)'qr . {����M¢

j,rQ£�K¤'
�¥piA�
¥�i, �

jp¦�§¦¨, ©!ª«¬­®¯'°±.
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� 1 ��
��-������� !"��# $%

��-O`a®¯wx��²³~´µ�¶A·

�¸¹º»�¶¼±>*��d2, ��´µ½¾

d2¿ÀÁ���*Â!noÃÄ, “
�-�
¥�

�/B��ÃÄÅ_¿ Eoparastaffella ovalis-E. sim-

plexEF� Eoparastaffella simplex'qr”[5]. ÆÇ}

lm�wx��'eiM, £d2lm�È�ÉÊ=

D�ËÌA��MÍÎ�Ç�V[6].

1 ��������

��²³-´µ�¶'Ï�|jÐQÑÒÓÔ�

ÕÖ²×ØÙÚÛ��i. ²³eÍÜ.Û�'�

Ý, Þ.ßàáâã¿ä, 
�-�
��-.��

zå�æ; ´µeÍçÛ��i , ����èßà

á=ÛÝéêAÛcâã, �ë!�ì������

d2. ÆÇÁíîàáÛ�>´ïðñ¹d2Aò

áÛc>´µ½¾d2(ó 1), ôV�õÓÔ�i�

�����A/Bö÷ø. ·�¸¹�¶j,Õ�

ØÙÚÛ�, ôVÑÒÓÔùÝ��(ó 2). ���

vúûüýþAwx, �,�5, ÆÇNd2ËÌA

��NO���tUÌ. ��N{�d2����

�wx, 	
Î$%��'/B��NO�F[7~11].

1.1 ��������	

d2j,��´µ
�� 14 km, ����ä�

+ 2 �����(��)��, ��>����ú3�

p¿èßàá>-ÛÝéê>-èßàá>-�Ý>-¨

�à�>. ��çàá'ØÙÚÛ�âã. �� 1 3

i'èßàá>¿g���� !��-�"�#$

%"g�, /BD�¿&�'(=)*+=0,t-

A./"�; 01lm�, e����'lm�!2

34567�r8. �� 1�3i'ÛÝéê>¿ò

g��-!� ���$9:g�, lm�A;mo

���D�<0, �=D�>?. �� 1 �ièßà

á>'å@÷ø}0ABCÍA/Ô, ¿g�-òg

��� ��1�#$ABCÍA/Ô9D:g�,

01&�'(=)*+=lm��D�. �� 1pi

¿g���-ÔE�-�"�#$%"g�k�-!�

1ABCÍA/ÔF$D�:g�G�, 1&�'

(=)*+=lm�AH�.ID�; åJá�@à,

K�LM, ç¨�à�ùÝ>.

�� 2 +N_'¨�à�>����, O�i

!-�� �L¬P¢����. �Q�¿àg�=g

R�S��ÔE�-T"�#$%"g�, 01&�

'(=)*+=0,t-AUVo�D�, D�zå

WX. Q��;�-!�YZ� ��M4�îlm

�.

1.2 ���
���	

d2j,��´µ
��[ 12 km½¾\. ]þ

����ç^*'Û�c�>, �Q>N&e, ¿ò

g�=gf��-!�1ABCÍ=/Ô"9=9:

g�, kf�_B`�ADF`���'aG�. e

��b !¬�g��-���#$%"g�A"9

g�, ��ç;cQ#$d��. ;cQ#$d��



1030 ���� D� ���� � 35	
�

SCIENCE IN CHINA Ser. D Earth Sciences


 1 ��
�-������-�����������


 2 �� !����-�����������



� 11"� #$%&'()�*+,��-����"-.*/01�234 1031
�

www.scichina.com

ef'�b¿LM����(��)�gî7ÜhO,

ij'�rkkôV01234�, 0ál�mÛ

��#$ÍnÛc�. Ûc�}ØÙÚ�Û�'�

o�Í, kpqÛ¶'ê6>r1é, s¼�tuv

wx'y��§z{7�C|. d2�È�lm�

�t'/}M~�yz}��ö�(�32UÌ). ½

¾d2�P¢� 4���, ���01lm�=!n

o=;mo=&�'(A)*;+�.

1.3 
������	

d2j,·�¸¹º»���[ 20 km ���.

]þ����d2ÞÛÝéê>¿ä, 7LM¿ 2�

����(��), �>���ú3�p¿.ßàá>

-z�éê>-ØÙÚéê>-èßàá>. 3�.ß

àá>¿g�=���DF9� òg�=�g�!

-��F$9g�=R·Bg�Ag�, 1lm�=�

&�'(A)*D�; lm�0f, �!z{r8;

ç9B��-�3âã.

3iz�éê>ç9B-R·Bz�éêâã.

�Q¿���DFB9�=9BDF�k�g�!�

9g�=9Bg�G� , 01�&�'(A

gnathodids �lm�. �i@¿ØÙÚéê, �QÞ

g�=òg�!-��9:g� �ìABCÍ=/

Ô¿÷ø, lm�<0, ç��¬. d2p�èßà

á>, �Q¿g�=òg��-�� !��$D-�

:g�, 1&�'(A)*D�, lm�ç�&�,

­ì>?.

1.4 �������������

N����lm�>M�A/}��Î¬!U

Ì[12~14], �¿lmKB�}Q0áV�MÍ��/

P'. OpÌØÙÚ�>M~A£d2lm�È�

ÉÊ��[6], ÆÇ�¿iM�¢M�zå��i��

âã'��, �&ç.ß��/P; ¼±�¢'lm

KB�¼±'/ ��.

( 1 ) gna thod ids � . {�lm�¡¢ 3 ç

Protognathodus, Gnathodus A Paragnathodus,Q0á

V���/P, M�7£“¤¥¼Q”. ijQòáÛ

c>¦§¨©, ÃÆ­ì§�­' 70%~90%, �­

§ 50%; Qàá'¨�à�>� , ÃÆ­ì§

40%~60%, �­§ 40%; ª«Qzy'á��(9B-

R·Bz�éê>), ÃÆ­ì§ 40%~50%, �­§

60%; pÌ�=�>�¬}���¬.

(2) Siphonodellaç. Q
��=��­6�®¯

u, n
�°�±²Pîe�³2´µ¶·'�*

Siphonodella sp.. ij�,´ïðñ¹d2Aº»¸

¹d2'àáÛ�ÂØÙÚéê>�, º�ç��

/P.

(3) Scaliognathus çA Doliognathus ç. ��Q

��M�. Q��ä��r,ÛÝéê>(ØÙÚé

ê>Az�éê>)ÂàáÛ�>, Q¨�à�>A

Ûc>����n»¼��. å½k gnathodids�>

±, �}Q0áV���/P, �}­ìzå>?.

Doliognathus ç��¾�±�,ÓÔùÝ'¸¹d2,

7�¼¦¿�ÓÔ�i��0À'/P.

(4) Polygnathus ç. k gnathodids �>±, �}

Q0áV���/P , M���. QòáÛc>>

gnathodids�ÃÆ­ì?, §�­' 20%~30%, ��

3�; Qàá'¨�à�>�, ÃÆ­ì§ 30%~50%,

�� 1�; Qzy'á��(9B-R·Bz�éê>),

ÃÆ­ì§ 20%~30%, �! 2�; �=�>��!e

_­ì.

(5) Pseudopolygnathus ç. &çä��,ØÙÚ

éê>AàáÛ�>, ­ì7Þ§n 30%; Q¨�à

�>�È�?ì��. �Qz�éê>AÛc>�

Á�, ½¾d2È�' 1�ÃÆvú#$d�Â'�

��$g�. 7�ij��/P, ç,���v>M

'�*.

(6) FinognathodusçADollymaeç. �ç�>±

'�>M�. ijä�f��rQ¨�à�>Aà

áÛ�>, Ã�}Q�Ý>���MÄzå, ­ì7

§n 30%~50%. {�lÅKB7�ÆhÇ��/ ,

���v¼M.

Å_()���*'Ï/BÃÄ, e_�Áí

M���=1ì<0A÷øzå'/}�*l�!I

J'ôVQ. È�pÌd2ØÙÚ�>M~Alm

�>M�'wx, gnathodids ���/P, M�¼�

�iâã'��, 7¤, ��'��LMNO. �
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�	
�-�
��lm�ÃÄ�&Q gnathodids �

�Áí.

2 ��-������	
��

2.1 ��� !"#

È�£d2FÉÉfANlm�<6=MÄ6'

­|ÉÊ[6], ÞÂwxç�;m}'>ºQ, $%l

m�CDEF, ¿M�Â��LMNO�ghO. �

�N��	
�-�
���lm�CDwx>¿ò

Ê, ¬­ç'CDEFÎË$%[3,15~17]. +,��¼

}Þ¬�>*'��d2FÉwx¿ÌÍ, QD�

�'qr=ÎÏ�jACD�F��2PQÐ¬ÑÒ.

ÆÓwxQÔ¬�2ÕÖ×Ø.

(1) gnathodids�EF- {�lm�' Protogna-

thodusçA Gnathodusç�FeÙ. �ü �Q9c

	Ú�Û Spathognathodus stabilisCD�v, Q
�

�-��MÄA­ì�>?(Protognathodus meischeri,

P. collinsoni, P. kockli, P. kuehni). �}Q
����

Ü' lower crenulataÍlÛ Protognathodus kockeliM

D� Protognathodus praedelicatus; Ý+uüQ upper

crenulata ÍhiÞßMD� Gnathodus ç' 3 ��,

� Gnathodus delicatus, G.. typicusA G.. punctatus. O

� � ' � � , � Gnathodus cuneiformis } Q

typicus-cuneiformis Í ' h i Û Protognathodus

praedelicatusMD�v', ¿��MÍ�gîyO(ó

3).

Gnathodus semiglaberQà. typicus-cuneiformis

Í'hiÛGnathodus punctatusMD�v, m�u�

áF. &áF'CDâ©}ã�'�äÛåæLç

è§è�, �äÛé·êuëì.äÛuí. ¼±

Gnathodus pseudosemiglaber A G.. praebilineatus '

qr�!��MÍîï , �
sðvîlm�

Gnathodus bilineatusCD¥b.

Paragnathodus çå½k Protognathodus çA
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Gnathodus ç�!¼±'«ñ, �!òóNô, õö

÷m'äÛ, ku�ü'äÛòó¼Nôzå¼±.

ij7�Û Spathognathodus ç'�CD�v , ø

“Spathognathodus” macer. È�ùú�Ìû, ^ä·

uiü�äÛpC@¿ Paragnathodus symmutatus;

½uäÛp���èä , @¿ Paragnathodus ho-

mopunctatus. ��ýþ'CDáF. �}Q����

n Paragnathodus symmutatus, ij'�qr��j¾

��¼�Å_.

(2) ScaliognathusçEF- Lane & Ziegler[12]N&

ç'CD��òÊ��, 	$%îEF. ��'wx

×Ø}�r$Í÷ø� S. anchoralis 'qr�jQ

anchoralis-pseudosemiglaber Í'hi, ik S. fair-

childi A S. europensis±aÛ S. praeanchoralisÞß

MD�v; ±a�yz Scaliognathus ç£�'ÎÏ

�j���� anchoralis-pseudosemiglaberÍ'	�.

(3) FinognathodusçEF-ÆÓwx
$ç(ó 4).

�¢÷ø¿äÛzåúã, ´!�ßE§±
��

'èA2·; �ä�2�ã, òóÝ2·D�ò�2

·, §m��äÛ. &ç'CDâ©ä�}äÛè·

�´Ûf�äÛui-��äÛp-@���ef; �

ä�ÛòóÝ2·D@��äÛ. O�ä�2·D

Aä·Úíä¼?�, &ç£�7�Û Staurognathus

dionantensis CD�v. ùÈ�Ìû'ú���, Q

typicus-cuneiformis Í'hiMD� Finognathodus

hassi (=Dollymae hassi); Q typicus-cordiformisÍ�,

äÛp�µ�èA2·, �ä�§����èA2·

(F. rudenodus), §�ä�æ@¿±�e�èä

(Finognathodus sp.); « anchoralis -pseudosemiglaber

Í'hi, F. finonodus MD�v, �´ef��'è

A2·, �ä���¿�äÛ. Q��&çë���

�� anchoralis -pseudosemiglaberÍ.

(4) Dollymae çEF- &ç �$,�����

�, ��]��,��[18]=O`a[19]A����[20~22],
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È�­ì»¼. ��QàáÛ�*d2FÉÈ�î

�ì&çÃÆ, ÆÇ$%î&ç'CDEF. &ç'

CDâ©ä�}äÛ�´Ë�è�-è·-�·-�·

'�� , äÛ��õ÷m-ö÷-Ø E . ÆÇ±î

Grossens 'î�, &ç}Û Eotaphrus bultincki CD

v'. Q typicus-cordiformisÍ'hi, È�Q÷mä

Ûp��T!è�Aä·uiê�"ü�T�è�,

C@� Dollymae spinosa. £���' Dollymae

bouckaerti}Q typicus-cordiformisÍ�iMD�v'.

« anchoralis -pseudosemiglaber Í'hi Dollymae

linearata �ra, äÛm�îM#'�·�´. äÛ

� ! � · � ´ ' Dollymae reticulata � r Q

anchoralis -pseudosemiglaber Í'�i, K&ç'C

D8n	$ . Q��&ç'ÃÆ��Qp�'

praebilineatusÍ��r.

(5) PseudopolygnathusçEF- ÆÇó�]�&

ç'EF% Lane�[3]ô¿“P. multistriatus group”. &

Ówx'×Ø}u
Å_î£�'qrAÎÏ�j.

Q�� P. pinnatus A P. oxypageus �qrQ

typicus-cuneiformisÍ(>r, lower typicus Í)�, �

� P. pinnatus�rQ&Í'pi, P. oxypageus�rQ

&Í'3i . P. pinnatus 'ë�êp7Þ��

praebilineatusÍ.

(6) Polygnathus çEF - &ç� Polygnathus

longiposticus 'qrAë�!u���îï. iqr

Q anchoralis -pseudosemiglaber Í'hi, ë�«

praebilineatusÍ'pi.

2.2 ���$%&'

(1) Siphonodella ¥b - 
�� -��lm�

Siphonodella ç, ÛM�'é=��­ìA�MÄ6

�§!ÎN¨©. 
����ÎÞßMD�«? 9�

áF§�F(Lane & Ziegler, 1983), ÎP¢D��§

m}*(morphtype)�� 30 �; 	OCDEF$%î

��' 6 ���MÍ . Û
�°�lm�

typicus-cordiformis Íhi( , Siphonodella çÎ�

¬­�ÎÏ, ±²P�¢�*(Siphonodella sp.)ë�

n anchoralis -pseudosemiglaberÍ'	i.

(2) Gnathodus typicus ¥b - 
�°�Û

typicus-cordiformisÍ( , Þ gnathodids�zå§¨

© . ±)��'�� , Q typicus-cordiformis Í«

anchoralis -pseudosemiglaberÍ�, gnathodids�'�

­[§�­' 1/4; Q£����>�, ÃÆ­ì�

à.§�� 50%. Ã�GnathodusçQ
�°��r,

��*+Þß�®. ��qrQ
�°�	m�¨

©'ç�s! Scaliognathus, Doliognathus, Finogna-

thodus, Dollymae, Pseudopolygnathus multistriatus

group, Mestognathus, Hindeodus �. ij��îk3

�lm�KBöå@¼±'�t2,.

(3) Gnathodus bilineatus ¥ b - l m �

praebilineatus Íêp'�t2,-�/îå@@D,

ÃÄ.Þ Gnathodus bilineatus ¿ôV'lm�KB

ö( m� . O���� [23~25], &¥b/Þ

gnathodids �§¨©, KBö��@D>�. ¨©ç

GnathodusA Paragnathodus'�­¿ 7~12�, [§

�­' 50%; ÃÆÈ�­ì�� 60%. ��

Gnathodus bilineatus­ì¬=÷øzå, 7�¿{e

¥b'ôV . �=�/çs! Cavusgnathus, Ade-

tognathus, Mestognathus, Spathognathodus, Hindeodus

�.

3 ��-��
�������

Ûó 3A 47Þ0�, praebilineatusÍ'h�}

ò�lm�CD�Ø¥b'122 . �2¯3Þ

Gnathodus typicus ¿ôV, �ìç Gnathodus, Pro-

tognathodus, Scaliognathus, Doliognathus, Finogna-

thodus, Dollymae, Pseudopolygnathus, Polygnathus�

'�®¿÷ø. �¬­�Q&�2¯3ÎÏ, �[ 29

��'ë�©!3�&�2, [§
�°���­

' 70%. ÆÇÁí{e�2�¿��F
�-�
¥

'M�.

�2¯p' praebilineatusÍA homopunctatusÍ

�lm��tzå�!KBöCD4��'÷ø ,

ç�>?, �*&�. 
�rç�±! Gnathodus

praebilineatus, ParagnathodusA Cavusgnathus, �=

�/' 9 �5}Û3iëìpv' . 
/�

Gnathodus praebilineatus'�r�u�îï, �¿Q

�
�­6�®'Gnathodus bilineatus'ù6�, M
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���, È��jN_, CD÷øzå, vñEF7

8,  ¿tÁ�
�-�
¥()���*'D�Ã

Ä.

Cavusgnathus çQ��qr, Meramecian �p

i(¨, homopunctatus Í), �È���¬=­ì�,

e9%�¿}Meramecian¥~Chesterian¥(e��O

Fpi )'÷ø�* [24]. �&çQ��½¾d2

praebilineatus Í'h�k Gnathodus praebilineatus

�±�r, �}¾�]:ÃÆª?, ;ÞÅ_}<¿

qr�j. Lane�[3]]$ Gnathodus texanusÍôV>

r praebilineatusÍA homopunctatusÍ'�j, 	Þ

Gnathodus texanus'qr�¿
�-�
¥M�ÃÄ.

�Q��©!�r�_ï÷ø'&�ÃÆ. &�'

�_÷ø�_¼=>, �_ü;,?@; CDvñT

\>�, ¼�Á�()���*ÃÄ.

Paragnathodus homopunctatus '�r�jkW

XY�Z��F[\_'��>st, ±a�>r

, .[5]��'!no Eoparastaffella simplex'ÃÄ

�j. �&�'CDvñ¼zÅ, %e���¿}i

'ù6�' Paragnathodus symmutatusQ�����

n, ¼�Å_�“qr”�j; ��&�Qd2p'�

r¨,pÌ�Ø¥b'122. ]ÞÛlm���

AB6, &�'�r�j¼C�¿��F
�-�


¥M�.

�p]Ì, O¾�lm�'wx��, ��F


�-�
¥()��ÀÁ�*DEÛc>'��´µ

½¾d2, ��F¿� 58 'h, ���*'lm�

ÃÄ_Q Gnathodus semiglaber áF� Gnathodus

praebilineatus 'qr(ó 5). &��F'jÐ�,!

no Eoparastaffella simplexÃÄ'��.

( ) * +
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