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Abstract 
Basal part of� the� Shemshak� group �in Galandrud� area , �in �north �Alborz  about�16 km �south of� Ruian city (Alam- Deh)  
was  investigated  palynologicaly.  The studied  section  attains  a thickness of  590  meters  and  consists of  limestone,  shale,  
sandstone   and   siltstone  beds.   A  total  of  29  samples  were  selected  and  treated  in  the palynological   laboratory of the  
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geological survey  of  Iran.  Eighty  one  palynomorph  taxa  were  encountered .   The recorded   dinoflagellate  species   were  
arranged   in  four  local  bioassemblage  biozones  and a superbiozone (Rhaetogonyaulax). 
Biozone I; �Heibergella� asymmertrica,� occurs in� a� thickness� of� 60� m , suggesting an Early Norian age. 
Biozone II ;� Heibergella� aculeata, �occurs� within �50m ,� representing� a� Middle �Norian �age.  
Biozone III ; �Hebecysta balmei, which occurs in a thickness of 40 m, indicating the Middle to Late  Norian age. 
Biozone IV;   Rhaetogonyaulax  rhaetica  , occurs  in  a  thickness  of  330 m,  indicating  a Late  Norian  to Rhaetian age. 
Statistical  studies  on the  recorded palynomorph  assemblages show that  lower parts of the section have been deposited  in 
an  open  marine  environment.  In  Late  Norian a  regression  of  the  sea   caused  sediment  of  the Rhaetian  to  be  
deposited  in  a  deltaic  environment  .  The   Early  Kimmerian  and  the  following  orogenic  phases  have   had   the  least  
effected  on  the sedimentation  processes during  Late Triassic  age  in  this area  and the carbonaceous  Elika  Formation 
turned into Shemshak group gradually and without any disruption. 
� 
Key words: Palinozonation,Basal part of Shemshak Group,Upper Triassic,Dinoflagellate,North Alborz Domain,Iran. 
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ŢŞƀƳſŚţźſ�Źŵ�ŹřŶƿŚě�ŵŹřŵ� ŵżƳƹźŝ�ŻźŞƫř�ƽŚƷ�ƽŶƴƬŝ�ź��ŵƹŹŶƴƬĭ�ƶƤƐƴƯ� Źŵ

ƶŤƄƸƳ�ƪƿŶŞţ�ƾŬƿŹŶţ� ŹŸĭ�� �ƦƄưƃ� Ƶƹźĭ�ƶŝ� Śƨǀƫř�ƾţŚƴŝźƧ�ƽŚƷƾƿřźŞŤſ�
�ŵƹŶůêîå�źƿŻ�Źŵ�ƹ�ƕƹźƃ�Śƨǀƫř�ŶƳŻŚſ�ƾƳŚƣƺƟ�Ŷů�Żř�ƶƧ�Ţſř�řŹřŵ�řŹ�źŤƯ�

ƶſŚƯ�Ĭƴſ� ƺƌƗ�ƾƳŚŤŰţ� ƽř�ƾƯ� ƶưţŚų�ŶŝŚƿ���Ʋƿźƿŵ� ƽŚǀƟřźƜū� ƪƯŚƨţ� Źŵ
Ź� �Ʊřźƿř� ƦǀŗƹŻƹżƯŶųƤƳř� ŦƗŚŝ� ƾƳřƹřźƟ� ƾƨǀƳƺŤƨţ� ƽŚƷŵř�Źŵ� ƕŚƐ

śƺſŹ��Żř� ƾƨƿ� ƶƧ� ŶƳř� ƶŤƄĭ� ƞƬŤŴƯ� ƾŝƺſŹ� ƽŚƷ� ƶƋƺů� Źŵ� ƽŹřŸĭ
�ƾƿǇŚŝ� Śţ� ƾƳŚǀƯ�ŽŚƿźţ� ƱŚƯŻ� Źŵ� ŚƸƳō� ƲƿźţźŧƺƯŢſř� Ƶŵřŵ�ƽƹŹ�ƭŚƳ� ƶŝ� ƹ�

ƾƯ�ƶŤųŚƴƃ�ƲǀƄǀě�Ʋƿźưǀſ�ŵƺƃ���
Schmidt(1984)�Davoudzadeh�ºƯ� ŹŵƿƹŹ� Ʋººƿř� ŵŹƺ�ƶƳƺĭ� Ʋƿř� ŵřŶ

ƶŤƃƺƳ�ŶƳř�ùžƳŚƨſ���ƲǀƯźě�Żř�ƾŬƿŹŶţ�ŹƺƏ�ƶŝ��ƾƳŚǀƯ�º�ƲƿźƿŻ�ŽŚƿźţ�ƾŝƺſŹ
ƾƯ�ƶƯřŵř�ƾƳŚǀƯ�ŽŚƿźţ�źųřƹř�Śţ�Źŵ�ƲǀƄǀě�Ʋƿźưǀſ�ƾƿřżƷƺƧ�ŵřŶųŹ�ƹ��ŶŝŚƿ�

�ƹ�Ʊřźƿř�ơŹƹ�ƾƿŚƸƳ�ŵŹƺųźŝ�Ʊō�ƶŬǀŤƳ�ƶƧ�ƶŤƟźĭ�šŹƺƇ�ƾƳŚǀƯ�ŽŚƿźţ�ƽŚƸŤƳř
ƾƯ�šƹŚƠŤƯ�ǈƯŚƧ�ơŹƹ�ƹŵ�Źŵ�Ʊō�źŧř�ƹ�Ţſř�ƱřŹƺţ�ơŹƹ�ŶƃŚŝø���ƶūƺţ�Śŝ�ƶŝ

�ƶŝŚºƄƯ�ƽĥƺƫƺºƴǀƫŚě�šŚƘƫŚƐƯ�żǀƳ�ƹ�ŵƹŹŶºƴƬĭ�ƶƤƐƴƯ�Źŵ�ƶŤƟźĭ�ƭŚŬƳř�šŚƘƫŚƐƯ
�ƽźǀŝŵ�Ǝſƺţ�ƵŶºƃ�ƭŚŬƳř�æèíå���śōźƿŻ�ƶǀůŚƳ�Źŵ�ŶººƴƫŚě�ƶƤƐƴƯ�ƾƯ����Ʊřƺţ

�Ţƃřŵ�ƱŚǀŝ� ƲǀƴģŹŵ� ŵřŶƿƹŹ�Ʋƿř�šřźŧř� ƶƧ�Şƫř� Żř�ƾƤƏŚƴƯưƃ� Żź�ŹŚǀƀŝ�ƾƫŚ
śƺſŹ�ŶƴƿřźƟ�źŝ�řŹ�źǀŧŚţ�ƲƿźŤưƧƹ�Ƶŵƺŝ�żǀģŚƳ�ŹřŸĭŢſř�ƶŤƃřŵ�ƽ���
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ŵźƧ�ƵŶƷŚƄƯ�ŶºƴƬĭ�ƶƳŚųŵƹŹ� ƵŹŵ�Źŵ�Ʊřƺţ�ƾƯ� řŹ�ƦºƄưƃ� ��Ɓźºŝ�Ʋƿř�Źŵ
� Ƶŵƺţ� ƽŚưǀſ� Śŝ� Śƨǀƫř� ƶţŚƴŝźƧ� ŶºƳŻŚſřºĭ� Ʀƿ� Śŝ� ƲƃƹŹ� ĬƳŹ� ƹ� ƽ�ŹŸ

śƺſŹ�Źŵ�ƞƣƺţ�ƹ�ƕŚƐƤƳř�ƱƹŶŝ�ƹ�ƾŬƿŹŶţ�ƶººŤƄƸƳ�ƶŝ�ŹŚƨƃō�ƽŹřŸĭ��ƽŚƷ
ƾƯ�ƪƿŶŞţ�ƦƄưƃ�Ƶƹźĭ�ŵƺƃ���źǀǀƜţ�Śŝ�ŹŸĭ�ƲƿřƽřźŞŤſ�Żř�ƾƨƷō�ƽŚƷ�ƶƿǇ�

�ƶŝ�ƽř�ƵŵƺţŞŤſºźƹ�ƶƿǇ�ŢƿŚƸƳŹŵ�ƾƬǀƃ�ƽŚƷ�ƶƿǇ�ƱŚǀƯ�ƂƿřżƟř��ƹ�ƶƿǇ�ƥŻŚƳ�
ƾƯ�ƆŴƄƯ� ŚƸƳō� ƱŚǀƯ� Źŵ�ŵŵźĭ�� ƪƨƃç� ��ŚƤŞƏ� Ʋƿř� ƽĥƺƫƺŤǀƫ� ŭźƃ�Żř�š
Żř�Ţſř�šŹŚŞƗ�ǇŚŝ�ƶŝ�ƲǀŗŚě���

æº�æ� ƵżǀƫŚŤƀƿźƧ�ƦƷō���źŤƯ�źŞŤſ�ƶŝ�ƪƿŚƯ�ƲƃƹŹ�ƽźŤƀƧŚų�ĬƳŹ� Śŝ�ƶƿǇ�
ƵƺºººƬƣ�ƽƹŚů�ŶººǀƠſ�Ƶźǀţ�šźģ�ƽŚƷ����Ʀƿ�ƱřƺƴƗ�ƶŝ�Ʊřƺţ�ƾƯ�Ŷůřƹ�Ʋƿř�Żř

ƫř�ŶƳŻŚſ�ƾƳŚƣƺƟ�Ŷů�ƽřźŝ�ƽŶºººǀƬƧ�ƶƿǇººŞƫř�Żř�ƾƤƏŚƴƯ�Źŵ�Śƨǀººº�ƾƫŚưƃ�Żź
Ƨ�ŹƺƏ�ƶŝ�ŶƳŻŚſ�Ʋƿř�ƶƧŵƺưƳ�ƵŵŚƠŤſř�ŵŹřŵ�ŵƺūƹ�ƪƯŚ������

ç��º�ì�ƥŻŚƳ�ƽŚƷ�ƶƿǇ�ƱŚǀƯ�Śŝ�ƶƿǇ�ƥŻŚƳ�Śţ�ƎſƺŤƯ�ƵżººǀƫŚŤƀƿźƧ�ƦƷō�źŤƯ�
�ƾƬǀƃ� 

�è��º�èæ�Ʋƿř��ƵżǀƫŚŤƀƿźƧ�ƦƷō�ƥŻŚƳ�ƽŚƷ�ƶƿǇ�Śŝ�ĬƳŹ�ƽźĮºū�ƪǀƃ��źŤƯ�
�Ţſř�ƦƄưƃ�Ƶƹźĭ�ƶŝ�Śƨǀƫř�ŶƳŻŚſ�ƾŬƿŹŶţ�ŹŸĭ�Ŷůřƹ���

é��º�æçƳŹ�ƽř�ƵƺƸƣ�ƪǀƃ�ƹ�ƱƺŤƀŤƬǀſ�źŤƯ��Ʋƿř��ƽŻŚǀě�Ţſƺě�ƂƿŚſźƟ�Śŝ�Ĭ
Ţſř�ƱřƹřźƟ�ƽŚƷ�ŢǀƳƺƯō�ƹ�ŚƸƿř�ƶƠƧƹŵ�ŹŚŧō�ƽƹŚºů�Ŷůřƹ���ƽŚƷ�ŢǀƳƺƯō�Żř

�ƶŝ�Ʊřƺţ�ƾƯ�Ŷůřƹ�Ʋƿř�Źŵ�ƵŶƃ�ŢƟŚƿHelicites sp.ƹ���Thisbites sp.��Żřƹ�
Ƨ� ƹŵºƯ� ŚƷ�ƽř� ƶƠººƾ�ţºŝ� Ʊřƺºº� ƶ? Peribeyhalobia beyrichi ��� ƹ 

Gryphaeae sp. ��ƹPectinid sp.�ŚƃřŵƺưƳ�ƵŹ����
ê��º�é�ƽř�ƶſŚƯ�ƪǀƃ�ƹ�ƵŚǀſ�ƱƺŤƀŤƬǀſ�źŤƯ����
ë��º�æå�ƵŚǀſ�ƾŤƬǀſ�ƪǀƃ�ƹ�Ƶźǀţ�ƪǀƃ�źŤƯ����
ì��º�ê�æëƶƠƧ�ƹŵ�ƹ�ŢǀƳƺƯō�šŚƘƐƣ�ŹŚŧō�ƽƹŚů�ƽř�ƶſŚƯ�ƱƺŤƀŤƬǀſ�źŤƯ���ƽř���
í��º�ê�çëƱƺŤƀŤƬǀſ�śƹŚƴţ�Śŝ�żƿŹ�ƶƳřŵ�ƹ�ƶƿǇ�ƎſƺŤƯ�ƶſŚƯ�Ĭƴſ�śƹŚƴţ�źŤƯ����
î� � º�ê�æì�ƽř�ƶſŚƯ�ƦƷ�ō�źŤƯ���Źŵ��ƱřƹřźƟ� �źƠǀƴǀƯřźƟ� �ƪǀƀƟ�ƽƹŚů�ƲƃƹŹ

�ƥŻŚƳ�ƖƏŚƤƯ��ƶƧ�ƽř� ƵŹŚƀųŹ�ƶŝ�ƶŤƀŝřƹ�ƽŚƸƬǀƀƟƹźƨǀƯ�Ţſř�źƧŷ�ƶŝ�ƭŻǇ
�ŵŹřƹ�ƎǀŰƯ�ƶŝ� ŚūźŝŚƳ�šŹƺƇ�ƶŝ�Ţſř�ƲƨưƯ�ŶƳƺƄǀƯ�ŢƟŚƿ�Ŷůřƹ� �Ʋƿř�Źŵ

ŵƺưƳ�ƶūƺţ�ƕƺƋƺƯ�Ʋƿř�ƶŝ�ŶƿŚŝ�Ʋſ�ƲǀǀƘţ�Źŵ�ƶƧŶƴƃŚŝ�ƵŶƃ���
æå��º�èåƹŚů�ƹ�żƿŹ�ƶƳřŵ���Ƶźǀţ�ƪǀƃ�źŤƯ��ŶƃŚŝ�ƾƯ�ƱřƹřźƟ�ƽŚƸƟŹƺƯƺƴǀƫŚě�ƽ���
ææ��º�èçå�Ŷůřƹ�Ʀƿ�ƶŝ�źţ�ǇŚŝ�ƽŚƸŤưƀƣ�Źŵ�Ŷůřƹ�Ʋƿř�ƶƯřŵř���żŞſ�ƪǀƃ�źŤƯ�

ƾƯ���ƵŵŹƺų�Ʋǀģ�ƹ�ƵŶƃ�Źřźƨţ�Ţſř�ƵŶƷŚƄƯ�ƪŝŚƣ�ƾŝƺų�ƶŝ�ƶƧ�ŶſŹ����
æç���º�ê�èîƽř�ƶſŚƯ�Ĭƴſ�ƽŚƷ�ƶƴǀƯǇ�Śŝ�ƽźŤƀƧŚų�ƪǀƃ�źŤƯ����
æè���º�ê�êçŹ�żŞſ�ƪǀƃ�ƹ�ƽźŤƀƧŚų�ƪǀƃ�źŤƯ��ƾƏƹźŴƯ�ŹŚŧō�ƽƹŚů�ƹ�Ʋƃƹ

ƾƯ�ŹŚƠů�šřŵƺūƺƯ�ƽŚƿŚƤŝ�ƶƧ�ƪƨƃ��ŶƴƃŚŝ� ��Ŷůřƹ�Ʋƿř�ƾƳŚƣƺƟ�Ţưƀƣ� Źŵ
� � ƶƿǇ�Ʀƿç� ŵŹřŵ� ŵƺūƹ�ĬƴƀƫŚƛŻ� �ƽźŤưǀŤƳŚſ���Żř� ƽŹřŵźŝ� ƶƳƺưƳ�ŢƸū

ƲǀƯŻ�Ʀƿ�źƿŻ�Źŵ�ƵŶǀƃƺě�ƶưǀƳ�ŹƺƏ�ƶŝ�ƶƧ�Ŷůřƹ�Ʋƿř�ƾƳŚƣƺƟ�Ţưƀƣ�ƽŚƸƬǀƃ�

Ŷưǀě� ƽŚŤſƹŹ� ƪŝŚƤƯ�Ɓźŝ� Żř� �Ţſř� ƶŤƟźĭ� Źřźƣ�ƁżƜƫ�Ʋƿř� ŵřŶŤƯř� Źŵ� ƶƧ�
ƾƯ�Ŷůřƹ�Ŷƿŵźĭ�ƵŵŚƠŤſř�ŶƃŚŝ���

æé� � º�é�å� Śţ�ê�å�ƶſŚƯ�Ĭƴſ� ƺƌƗ� ƩŵŚƘƯ� Ŷůřƹ� Ʋƿř� � �ƶſŚƯ�Ĭƴſ� źŤƯ�
ƾƯ�ƾƳŚŤŰţ�ŶƃŚŝ����
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�ƶƿŚě� źŝ� ƵŶƃ� ƶƘƫŚƐƯ� Ɓźŝ� ƱƺǀſŚƳƹŻƺƴǀƫŚě� ƹ� ƽĥƺƫƺƴǀƫŚě

ƶƫĥǈƟƺƴƿřŵ�ƽŚƷŽŚƿźţ�ƮŤƀǀſ����
ŵƹŹŶƴƬĭ�ƶƤƐƴƯ�Źŵ�ƦƄưƃ�Ƶƹźĭ�šŚŝƺſŹ�ƶƧ�ŚŬƳō�ŻřźŤƄǀŝ�Ź��ƾƬǀƃ�ƵŹŚƀų

ƶŤƄƸƳ� Ʋƿř� ƹ� ŵŹřŵ�� ŚƷŜƬƛř�ƵŶƃ� ƒƠů� śƺų� ƽŹƺƳŚū� ƽŚƸƬǀƀƟ� ŶƣŚƟ�
ƾƯ�ƾƯ� ƽĥƺƫƺƴǀƫŚě�ŶƴƃŚŝ�ƱƹŻ� Źŵ� ƽŶƴưţŹŶƣ� Źřżŝř� ƱřƺƴƗ� ƶŝ� ŶƳřƺţ��ƽŶººººƴŝ

�ƽŹřŵźŝ�ƶƳƺưƳ�ƶƤƐƴƯ�Ʋƿř�Źŵ�ƹŹ�Ʋƿř�Żř�ŵźǀĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ŚƸƳō�ƾŤƀƿŻ
�ƹ�ŢƟźĭ�ƭŚŬƳř�ƦǀţŚưŤƀǀſ�ƢƿźƏ�ƶŝƧŹŵºººº�ƪźºŞŤſ�Żř��ƽřêîå�źºººŤƯ�èå�

ƶƳƺººưƳ� ƹ�Ŷƃ�ƶŤƟźĭ�ƶƳƺºººưƳ��źƿŻ�ƪůřźƯ�ƾƏ�ƽĥƺƫƺƴǀƫŚě� ƵŚĮƄƿŚƯŻō�Źŵ� ŚƷ
ŶƳŶƿŵźĭ�ƵŵŚƯō�ƶƘƫŚƐƯ�ŢƸū����

�ƹ�Ƶŵřŵ�Źřźƣ�ƾƨǀŤſǈě�ƝƹźƓ�Źŵ�řŹ�ƶƳƺưƳ�ƭźĭ�ŶƇ�ŵƹŶů��ƩƺưƘƯ�ƶƤƿźƏ�ƶŝ
� ƦƿŹŶƿźƬƧ� Ŷǀſřèå�šŚŞǀƧźţ� ƹ� ŚƷŶǀƀƧř� Śţ� Ŷƃ� ƶƟŚƋř� Ʊō� ƶŝ� ŶƇŹŵ�

Żř�ƹ�ƵŶƃ�ƪů��ƶţŚƴŝźƧŶƳƹźŝ�Ʋǀŝ�� ��ƦƿŹŶƿźƬƧ�Ŷǀſř�ƲŤųŚſ�ũŹŚų�Żř�žě
ƶƳƺưƳ�� ƦƿŹŶǀŗƺƬƟ� Ŷǀſř� ƪųřŵ� řŹ� ŚƷéå�šŚŞǀƧźţ� Śţ� ŢƟźĭ� Źřźƣ� ŶƇŹŵ�

ŶƳƺƃ�ŵřŻō�ŚƸƟŹƺƯƺƴǀƫŚě�ƹ�ŵƹźŝ�Ʋǀŝ�Żř�Ʊō�ƾƀǀƬǀſ� ��Ŷǀſř�ƶƬůźƯ�Ʋƿř�Żř�ŶƘŝ
ƶƳƺưƳ�ƝźƓ��Źŵ�ŵƺūƺƯ�ƦƿŹŶǀŗƺƬƟ��ƶƳƺưƳ�ƹ�ƶŤƄĭ�řŶū�ĥƺƠƿźŤƳŚſ�Ǝſƺţ�ŚƷ

� Źŵ� ŢƗŚſ� Ŷƴģ� ƽřźŝ�Ʃĥ� Śţ� ŶƴŤƟźĭ� Źřźƣ� ƭźĭ�ƦƿŹŶƿźƬƧ� Ŷǀſř� ƪųřŵ
ƶƳƺưƳ� Żř�šŚƨǀƬǀſ�ŵŵźĭ� ŵřŻō� ŚƷ��ƽŚƸǀƳŚƧ�ƂƿřŶū� ƹ� ƱŵźƧ�Ʀƫř� Żř�žě

�ƹ�ƶŤŴƿŹ�ƪƯǇ�ƽƹŹ�řŹ�ƩƺƬŰƯ�Żř�ƾưƧ�ŹřŶƤƯ�ƦƴƿŻ�ƩƺƬŰƯ�Ǝſƺţ�ƲǀĮƴſ
ŶƳŶƃ�ƶƘƫŚƐƯ�ƵŶƃ�ƶǀƸţ�ƖƏŚƤƯ��ƱŶǀƳŚŞƀģŻř�žě����

ƪǀƃ�ƽŚƷ�ŵ� ŵƹŹŶƴƬĭ� ƶƤƐƴƯ� Źŵ� ƦƄưƃ� Ƶƹźĭ� ƵŶƗŚƣ� ƾƿŚƿŹŵ��ƽřŹř
ƀŝ�ƽŹƺƳŚū�ƽŚƸƬǀƀƟƹźƧŚƯºǀƳƺƯō�źǀƔƳ�ƽŹŚǀºŢ�ƠƧƹŵ�ƹ�ŚƷºƶ�ƽř��źŧř�ƹ�Ƶŵƺŝ�ŚƷ

ƪǀƀƟ�ƽŚƷ��fossil� �Trace��ƵŶƿŵ� Ʊō� ƾƳŚƣƺƟ� ƽŚƸƄŴŝ� Źŵ� żǀƳ� ƾƳřƹřźƟ�
ƾƯ�ŵƺƃ���

�ƶŝ� Ɓźŝ� Ʋƿř� Źŵ� �ƲǀƠƫƺƯ� Ǝſƺţ� ƵŶƃ� ƶƘƫŚƐƯ� ƽŚƸƬǀƀƟƹźƨǀƯ� Żř�
ƾƨƄų�ƽŚƸƟŹƺƯƺƴǀƫŚě��Terrestrial��Ʋƫƺě�ƹ�ŚƷŹƺĜſř�źǀƔƳ�ƾƯ�ƶƫŚŝƹŵ��Ʊřƺţ

ƱƹŻƺƿŚŝ� Ʋſ� ŶǀŗŚţ� źŝ� ƵƹǈƗ� ƶƧ� ŵƺưƳ� ƵŹŚƃř��ŹŚƴƧ� Źŵ� ƱŚƃŹƺƌů� �� ŚƷ
ƶƫĥǈƟƺƴƿřŵ�śƺſŹ� ƎǀŰƯ� ƲǀǀƘţ� ƹ� ƽŹŚƯō� šŚƘƫŚƐƯ� ƽřźŝ�ŚƷ��ŹŚǀƀŝ� ƽŹřŸĭ

Ţſř�Ƶŵƺŝ�ŶƴƯŵƺſ� �ƶƳƺĭ�Źŵ�ƾƳřƹřźƟ� źŨƧřŶů�ƽŚƴŞƯ�źŝ�ƱƹŻƺƿŚŝ�ŹŚƸģ��ƽŚƷ
ƶƫĥǈƟƺƴƿřŵ���ŚƸƳō�ŭźƃ�ƶƧ�Ŷƿŵźĭ�ƦǀƨƠţ�ƹ�ƾŗŚſŚƴƃ�ŚƷŢſř�ƵŶƯō�źƿŻ�Źŵ��

ŚƗƺưŬƯ�ŚƸƳƹŻƺƿŚŝ�Ʋƿř�ø�ƭŚƳ�ƶŝ�ƱƹŻźěƺſ�Ʀƿ�ŹŵRhaetogonyaulax��Źřźƣ
ƾƯ�ŶƳźǀĭ��ƪƨƃç����
��



ƺƴǀƫŚěƶŤƄƸƳ�ƱƺǀſŚƳƹŻ��ĨƄưƃ�Ƶƹźĭ�ƵŶƗŚƣ�įŚƷ�ǇŚŝ�ŽŚƿźţ��Źŵ������
 

      ����ƱŚŤƀŝŚţ�ƹ�ŹŚƸŝíè���ƩŚſ��ŻŚƿ�Śưƃ��ƮƷŵƵŹ��êæ�êç                                    èî ��

 

�ƱƹŻƺƿŚŝI  ��� Heibergella asymmetrica��
�ƹ� ƵŶƃ� ƕƹźƃ�ƦƄưƃ� Ƶƹźĭ� ƾƳŚŤŰţ� ƵŶƗŚƣ� Żř� źţǇŚŝ� ƾưƧ� ƱƹŻƺƿŚŝ� Ʋƿř

ƽřźŞŤſÓÍƾƯ� ƪƯŚƃ� řŹ� Ţưƀƣ� Ʋƿř� ƾƳŚŤŰţ�ƂŴŝ� Żř� źŤƯ��ŵŵźĭ�� �ř� Źŵ�Ʋƿ
ƶƳƺĭ�ƱƹŻƺƿŚŝ��Heibergella asymmetrica�Ɵ� ƶŝºººŵŹřŵ� Źƺƌů�ƾƳřƹřź��

ƾƳŚŤŰţ� Ţưƀƣ� Źŵ� ƶƳƺĭ� Ʋƿř��Hypotract��ŶƴƳŚƯ� ŻŚǀě� Śţ� ƽƹźƧ� ƶưǀƳ�
�Bulbous��ƹ�Ƶŵƺŝ�ƭƺưƗŹƺƐŝƾƯ�ƱŹƺºƷ�ƩŚƨǀěŚŤƳō�ŶƣŚƟ���ƶŝ�ƾƷŚĭ�Śƿ�ŶƃŚŝ

ƾƯ�źƷŚƓ�ŶƴƳŚƯ�ƶƐƤƳ�ƾĮºŤƀūźŝ�Ʀƿ�Ʊō�ƽŚū�ŵŵźĭ���ƶƳƺĭ�Ʋƿř�ƶŤſƺě�ŮƐſ
Ƈ�ƾƷŚĭ�Śƿ�ƹ�ƝŚºScabrateŢſř���ƶŤƨƳ��ƶŝ�ŶƿŚŝ�ƶƳƺĭ�Ʋƿř�ƶƘƫŚƐƯ�Źŵ�ƶƧ�ƽř
��ƶƧ�Ţſř�Ʋƿř�ŵƺưƳ�ƶººūƺţ�Ʊō�ŜƬƛřƾĭŵŹƺų�Ʋǀģ�ƶŤſƺě�ŮƐſ�Źŵ���ƾƿŚƷ

ƾƯ�źƷŚƓ��ƶƧ�ŵŵźĭƵŚŞŤƃř�ƶŝƾƯ�ƶŤƟźĭ�źƔƳ�Źŵ�ƱƺǀſǇƺŝŚţ���ƶƧ�ƾƫŚů�Źŵ�ŵƺƃ
ƣŚƟ� ƶƳƺĭ� ƲƿřººŝŚţ� ŶººƾƯ� ƆŴƄƯ� ƱƺǀſǇƺ�ŶƃŚŝ� �� ƶƳƺĭHeibergella 

salebrosacea�ƿŚŝ�Ʋƿř� ŹŵºººƟ� ƶŝ�ƱƹŻƺººƾƯ� ƵŶƿŵ�ƾƳřƹřź�ſƺţ� ƶƧ� ŵƺƃº�Ǝ
ŤƳōºǀěŚºƷ� ƩŚƨººƄƧ� ƱŹƺººţ� ƵŶǀºƿŵ� ƹ� źºƳřźĭ� ƵŹřƺº� Żř� ŹǇƺHeibergella 

asymmetrica�ŤƯºººƾƯ�żƿŚư�ŵŵźĭ� �ƶƳƺĭ� ƶƧ�Ţſř�źƧŷ� ƶŝ�ƭŻǇ�ŗŚƷºº�Żř�ƾ
Heibergella asymmetrica�Ʒ�ƩŚƨǀěŚŤƳō� ŚŝºƳ�ƱŹƺºŞƃ�ŹŚǀƀŝ� żǀţ�ƥƺ�ƶǀ
Heibergella salebrosacea�ƾƯ�ŶƴƃŚŝ���

ƾƯ�ŵŚƸƴƄǀě�ƲǀƄǀě�ƲƿŹƺƳ�Ʋſ�ƱƹŻƺƿŚŝ�Ʋƿř�ƽřźŝ�ŵŵźĭ���ŵƹŹŶƴƬĭ�ƶƤƐƴƯ�Źŵ
ǀƳƺƯō�ƵřźưƷ�ƶŝ�ƱƹŻ�Ʋƿřº��ŶƴƳŚƯ�ƾƿŚƸŤHelicites sp.�ƹ��Thisbites sp.��ƹ�

ƶƠƧƹŵ�ƽř�ƾƿŚƷ��źǀƔƳ�"Peribeyhalobia beyrichi��ƹgryphaeae sp.�
�ƹPectinid sp.��ƵŶºƿŵƾƯ�šŚƘƫŚƐƯ�ŽŚſř�źŝ�żǀƳ�ƶƗƺưŬƯ�Ʋƿř�ƶƧ�ŵƺƃ��Ŷǀſ

ƾƯŚƯř�ƾƷŚƠƃ�ƽƺĮŤƠĭ��ƾƯ�ƲǀǀƘţ�řŹ�ƲǀƄǀě�ƲƿŹƺƳ�Ʋſ�ŶƴƧ���
��

�ƱƹŻƺƿŚŝ II �� aculeata �Heibergella� �
ƽřźŞŤſ� Źŵ� ƱƹŻƺƿŚŝ� ƲƿřêåŵŹřŵ�ƁźŤƀĭ� ƾƬŞƣ� ƱƹŻƺƿŚŝ� ƶƯřŵř� Źŵ� ƹ� źŤƯ���
ƿŚŝ�Ʋƿř��ƾƳŚƣƺƟ�ƽŚƸŤưƀƣºººº�ƱƹŻ�Żř�ƾƳŚŤŰţ�ƽŚƸŤưƀƣ�Śŝ�ƱƹŻƺHebecysta 

balmei�ŬƿŹŶţ� ŹƺƏ� ƶŝººǀƨƠţ� ƾººƯ�Ʀºººƾ�ŵŵźĭ� �Ƴƺĭººº� ƶaculeata �
Heibergella�ƾƯ�ƾŨƬŨƯ� ƶưǀƳ� Śţ� ƾŨƬŨƯ� ƾƳŚººººƣƺƟ� ƶưǀƳ� ƽřŹřŵ���ƶưǀƳ� �ŶƃŚŝ

ƶƤººººƳŻƹŷ�Śƿ�ƾƛźƯ�ƮŴţ�Ʊō�ƾƳŚŤŰţ��ƾƫƹ�ƦģƺƧ�ƱŹƺºƷ�ƩŚƨǀěō��Ţſř�ƽř
śƺƫ�Ǝſƺţ�ƱŹƺƷ�ƩŚƨǀěŚŤƳō�ƹŵ�Śƿ�Ʀƿ�ƾƷŚĭ�ƹ�ŵŹřŵ�ŮƋřƹ�ƽŚƷ�ƦģƺƧ�

ƾƯ�źƷŚƓ�ƪƿƺƏ�ƽŚƷŹŚų�Śƿ�ŵŵźĭ��ƽŚƷŹŚų�Ǝſƺţ�ƶƳƺĭ�Ʋƿř�Źŵ�ƶŤſƺě�ŮƐſ
�ƽƹŹźŝ�ƞǀƘƋ�ƹ�ƶǀƫƹř�ƱƺǀſǇƺŝŚţ�Ʀƿ�ƾƷŚĭƹ�Ţſř�ƵŶƃ�ƵŶǀƃƺě�ƾưƧřźŤƯ

ƾƯ� ƵŶƿŵ�Ʊō�ŮƐſ�ŵƺƃ��ƲƿŹƺƳ� ƱƹŻƺƿŚŝ�Ʋƿř�ƽřźŝ� ƵŶƃ� ƶŤƟźĭ� źƔƳ� Źŵ�Ʋſ
ƾƯ�ƾƳŚǀƯ�ŶƃŚŝ���

��

�ƱƹŻƺƿŚŝIII  �� balmei �Hebecysta� �
Śŝ�ƱƹŻƺƿŚŝ�Ʋƿř�ƽřźŞŤſ�ŵƹŶů�éå�Źŵ�ƹ�ƶŤƃřŵ�Źřźƣ�ƾƬŞƣ�ƱƹŻ�ƶƯřŵř�Źŵ�źŤƯ�

�ƱƹŻƺƿŚŝ�Żř�ƾƿŚƸƄŴŝ�żǀƳ�ƾƳŚŤŰţ�ƽŚƸŤưƀƣIIƾƯ�ƪƯŚƃ�řŹ���ŵŵźĭ��ƿŚŝºƱƹŻƺ�
balmei�Hebecysta�ŝ� Ʋǀƫƹřº� Ǝſƺţ� ŹŚHelby et al.(1987)Ƴ� Śŝ�ºƭŚ�

balmei��Heibergella�ƃ�ƾƟźƘƯ�ƾŗǇŚŝ�Śţ�ƾƳŚǀƯ�ƲƿŹƺƳ�šŚŝƺſŹ�ƽřźŝºº�ƵŶ
Ţſř��Nicoll & Foster(1994)ŝ�ƿŚŝ�ƽřźº�ƱƹŻƺbalmei �Hebecysta�

ƸƴƄǀě� řŹ�ƲǀƄǀě�ƲǀţŹ� Śţ�ƾƳŚǀƯ�ƲƿŹƺƳ� źųřƹř�ƲſºººƵŵźƧ�ŵŚ�Ƴřºººů� ƶƧ�Ŷººº�Ŷ
ƿŚŝ� ƶŝ� Ʊō�ƾƳŚƣƺƟºº� ƱƹŻƺRhaetogonyaulax rhaetica�ƃ� ŵƹŶŰƯººº�ƵŶ

ſřººŢ� ��ƾƿǇŚŝ� º� ƾƳŚǀƯ� ƲƿŹƺƳ� Ʋſ� ƱƹŻƺƿŚŝ� Ʋƿř� ƽřźŝ� ŵƹŹŶƴƬĭ�Ɓźŝ� Źŵ
ƄǀěƾƯ�ŵŚƸƴ�ŵƺƃ����

��
���ƱƹŻƺƿŚŝIV���Rhaetogonyaulax rhaetica� �

� Śţ� ƱƹŻƺƿŚŝ� Ʋƿř� ƽřźŞŤſŵƹŶůêéåƾƯ� ƶƯřŵř� ƽźŤƯ����ƶƳŚƄƳ� Ʊō� ƱŚƿŚě� ƹ� ŶŝŚƿ
śƺſŹ�ƎǀŰƯ�ƶưţŚų�ƶŤƄƸƳ�ƽřźŝ�ƾƿŚƿŹŵ�ƽŹřŸĭ��ƦƄưƃ�Ƶƹźĭ�ƵŶƗŚƣ�ƽŚƷ

ƾƯ�ŶƃŚŝ� �ƾƯ�ƲǀţŹ� º�ǇŚŝ� �ƲƿŹƺƳ� �ƱƹŻƺƿŚŝ�Ʋƿř�ƽřźŝ� �ƽŵŚƸƴƄǀě�Ʋſ��ŶƃŚŝ���
ƶƳƺĭ�Rhaetogonyaulax rhaetica�ſ� ƽřŹřŵ�ºě� ŢƀǀººǀƀƧƹźºǀưº�Ţ

�ƪƨƃ�ƾƧƹŵ� Śţ� ƾƏƹźŴƯ�ƽźƷŚƓ�ƾƳŚƣƺƟ� ƹ� ƾƳŚŤŰţ�Ţưƀƣ� ƹŵ� Żř� � �Ƶŵƺŝ
��żǀƳ� �ƾƷŚĭ�ƹ� �Ţſř� ƵŶǀƄƧ�Ʊō�ƱŹƺºƷ� �ƩŚƨǀěŚŤƳō�ƹ�ƱŹƺƷ�ƩŚƨǀěō� � �ŵŹřŵ

ƾƯ�ƆŴƄƯ�ƾĮŤƀūźŝ�šŹƺƈŝ�ƽƺƳŚŧ�ƱŹƺººƷ��ƩŚƨǀěŚŤƳō��Ʀƿ�ŵƺƃ���ŮƐſ
ŚƇ� ƶƳƺĭ� Ʋƿř� Źŵ� ƶŤſƺěƵźƠů� �Ɲ�ŞƄƯ� Śƿ� ƹ� Źřŵ� ŸƠƴƯ� �ŹřŵºººƦ�

(Reticulate)ƾƯ��ƃŚŝºŶ� �Woollam & Riding (1983)��ƱƹŻ�
Rhaetogonyaulax rhaeticaŝ� � řŹ�ººƂºŴŝ�ƽřźǀţŹ�ºººǀƳŚŤƿźŝ� � Źŵ�Ʋºº�Ś

Ƅǀěºǀƫƹř� ƹ�ŶƳŵƺưƳ�ŵŚƸƴºƓ�Ʋººƣ� Źŵ� řźƳō� ŹƺƸºººǀţŹ� ƵŶƗŚº�ƶƳƺĭ� Śŝ� ƵřźưƷ�ƹ�Ʋ
Dapcodinium priscumŶƳŵřŵ� Źřźƣ�� �Morbey(1978)ƿ�ºº�Ʀ

ƱƹŻ�ƴŝººº�ƦǀſřŹƹĥƹ� Ʋǀƀě� ŽŚƿźţ� ƽŚƷ� ƶƫĥǈƟƺƴƿřŵ� ƶŤſƺě� ƽřźŝ� řŹ� ƽŶ
ŚěƹŹř�ƽźºººŤųŚŝ�ƩŚưƃ�ƲǀƄǀě�ŵƺưƳ�ƾƟźƘƯ���ƱƹŻ�ƶƧRhaetogonyaulax 

rhaetica�ŞƏ�ºƘţ� �ƢºƾƯ�ƲǀţŹ�ƾƫřƺţ�ƶŝ�ƍƺŝźƯ�ƞƿź��ƵŵƹŶŰƯ�ƪƧ�ƹ�ŶƃŚŝ
ƾƯ�ƪƯŚƃ� řŹ� ƵŵźŞƯŚƳ� ƱƺƀƧŚţ� ŹŚƄŤƳř�ŵƺƃ� �ƌů� źĮƿŵŵŹřƺƯ� Żř�ƶƳƺĭ�Ʋƿř� Źƺ

ƾƯ��Źŵ�Ʋǀƀě�ŽŚƿźţ�ƹ�ƦǀſřŹƹĥ�ƽŚƸƀƳŚƨſ�ƶŝ�ƱřƺţNorth Celtic Sea��
�ƶƋƺů�ƹFastnet�ƿ�ŚƸƴţ�ƶƤƐƴƯ�Ʋƿř�Źŵ��ŵƺưƳ�ƵŹŚƃřºººŤƀƿŻ�ƱƹŻ�Ʀººº�Śŝ�ƾ

ƃ�ƾŗŚſŚƴƃ�ƲǀţŹ�Ʋſººººů�ƶƧ�ƵŶººººººƶƫĥǈƟƺƴƿřŵ�ƽƹŚ�ĜſƺǀƯ� �ŚƷºººº�ƹ� ŚƷŹƺ
ŤſřºƧřźºººƾƯ� ƾưƧ� ƽŚƷŶ�ƃŚŝºººŶ��Anisworth et al. 1989���Ʋƿř�
ƿŚŝººººſƺţ� ƱƹŻƺºººº�ƎHelby et al.(1987)ǀţŹ�šŚŝƺſŹ� Żř�ººº�ƲƿźƿŻ�Ʋ

ƃ� ƾƟźƘƯººŢſř� ƵŶ� �Nicoll&Foster(1994)��ƹ�Haq et al.(1987)�
ŝººƿŚº�ƱƹŻƺRhaetogonyaulax rhaetica�ţŹ�ƲſºǀƄǀě�Ʋǀº�ŵŚƸƴƄǀě� řŹ�Ʋ

ƵŵźƧ�ŶƳř� �Batten(1994)ǀţŹ� Ʋſ� Śŝ� řŹ� ƱƹŻƺƿŚŝ� Ʋƿř� żǀƳ�ºº�ƶƋƺů� Żř� Ʋ
Danish�Ţſř� ƵŵźƧ� ƾƟźƘƯ� ��Ʋſ� ƱƹŻƺƿŚŝ� Ʋƿř� ƽřźŝ� ŵƹŹŶƴƬĭ� Ɓźŝ� Źŵ

ƾƯ�ŵŚƸƴƄǀě�ƲǀţŹ�Śţ�ƾƿǇŚŝ�ƲƿŹƺƳ�ŵƺƃ����
�ƱřƺƴƗ� Śŝ� ƱƹŻźěƺſ� Ʀƿ� Źŵ� ơƺƟ� ƽŚƸƳƹŻƺƿŚŝ� ƶƗƺưŬƯ

Rhaetogonyaulax�ƾƯ� Źřźƣ�ǀĭºŶƳź� �ěƺſ� Ʋƿř� ƲſººƿŚŝźº�Ǝſƺţ� ƱƹŻƺ
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��éå���������������������������������������������ƹ�ŹŚƸŝ������������ƱŚŤƀŝŚţíè�ƩŚſ��ƿŻŚƵŹŚưƃ��ƮƷŵ�êæ�êç��������������������������������������������
 

Helby et al.(1987)��Ʋǀƀě�ŽŚƿźţ�ƽŚƸŝƺƨƃō�ƾƯŚưţ��ƲǀţŹ�Śţ�ƲǀƳŹŚƧ��
Ţſř�ƵŶƃ�ŵŚƸƴƄǀě����

��
ŵƹŹŶƴƬĭ�ƶƤƐƴƯ�Źŵ�ƵŶƃ�ŢƟŚƿ�ƾŗŚƿŹŵ�ƽŚƸƟŹƺƯƺƴǀƫŚě�źƿŚſ��

ƤƯ� Źŵ�ºƏŚººƐƯ� ƖºººƘƫŚºƶƃ�ºƧō� ƵŶºƽŵŚººººƿŻ� ŹŚººǀƀŝ�ƽŚƸƃŹŚŤƿź Ƴ�ºººƔººźǀ �
Baltisphaeridium sp.��ƹ�Veryhachium trispinosum (Plate II, 

Fig.8)�ưƷ� ƶŝººº� ƵřźTasmanites sp.�ƴƃººƳŶƃ� ƾŗŚſŚºººƹ� Ŷ��ƾųźŝ� Źŵ
ƶƳƺưƳ�ƽŚƸƯźƟ�ŚƷNannoceratopsis sp. ŤƳƹŵƺƨƫƺƨſř�Żř�ƾţŚƘƐƣ�żǀƳ�ƹ�º�ŚƸ

ŶƳŶƿŵźĭ�ƾŗŚſŚƴƃƹ�ƵŶƷŚƄƯ���
��

śƺſŹ�ƎǀŰƯ�ƹ�ƽĥƺƫƺƧř�ƺŘƫŚě�ŵƹŹŶƴƬĭ�ƶƤƐƴƯ�Źŵ�ƽŹřŸĭ��
ƔƴƯ�ƶŝśƺſŹ�ƎǀŰƯ�ƹ�ƽĥƺƫƺƧřƺŘƫŚě�šŚƘƫŚƐƯ�Źƺ��ƵŵŚƠŤſř�źŝ�ƵƹǈƗ�ƽŹřŸĭ

�ƁƹŹ�Żř�ƵŶƗŚƣ�Źŵ�ƦƄưƃ�Ƶƹźĭ�ƽĥƺƫƺŤǀƫ�źǀƀƠţ�ƹ�ƾſŚƴƃ�Ĭƴſ�ƖƏŚƤƯ�Żř
Ţſř�ƵŶƿŵźĭ�ƵŵŚƠŤſř�ƽĥƺƫƺƴǀƫŚě�Źŵ�ƩƺưƘƯ�ƲƿƺƳ�ŚŞƿźƤţ�ƹ�ƩƹřŶŤƯ���Ʋƿř�Źŵ

�źǀƔƳ� ƾƿŚƿŹŵ� źƇŚƴƗ� ƾƟřźĮǀţřźŤſřƺƿŚŝ� ŢƸū� ƖƏŚƤƯ� ƶƘƫŚƐƯ� ƲưƋ� ƁƹŹ
ǈƟƺƴƿřŵƃŹŚŤƿźƧō�ƹ� ŚƷ� ƶƫĥººººƾƨƄų�źƇŚƴƗ�żǀƳ� ƹ� ŚƸ��Terrestrial��źǀƔƳ�

ƵŶƃ�ƽźǀĭ�ŶƇŹŵ�ƹ�ƵŶƃ�ƁŹŚưƃ�ŚƷŹƺĜſřƹ�Ʋƫƺě�ŶƳř��ŚƷŶƇŹŵ�Ʋƿř�Ʈǀſźţ�Śŝ
śƺſŹ� ƎǀŰƯ� �ƾſŚƴƃ� ƶƴǀģ� ƱƺŤſ� ƪŝŚƤƯ� Źŵ�Ŷƿŵźĭ� ƲǀǀƘţ� ƽŹřŸĭ� ��Żř

ƵŹŚƀųŹ�Źŵ�Ʊō�źŧƺƯ�ŹŚǀƀŝ�ŵźŝŹŚƧ�ƁƹŹ�Ʋƿř�ƽŚƿřżºƯ��ƾƿŚƿŹŵ�ƹ�ƾƬǀƃ�ƽŚƷ
Ɵ�ƶƧ�ŢſřƾƯ�ƹ�ŶƴƃŚŝ�ƾƯ�ƽŹƺƳŚū�ƪǀƀƟ�ƕƺƳ�źƷ�ŶƣŚ��šŚƘƫŚƐƯ�ƢƿźƏ�Żř�Ʊřƺţ

žƳŚƨſ�ƽĥƺƫƺƴǀƫŚě��ŶƴƃŚŝ� ƶŤƃřŶƳ� ƽźƷŚƓ� ƱƺưƴųŹ� ŶƴģźƷ� řŹ�ƾŝƺſŹ�ƽŚƷ
ŵƺưƳ� ƆŴƄƯ� ƾŝƺų� ƶŝ� ��ƽŚƸƟŹƺƯƺƴǀƫŚě� ŶƇŹŵ� ƩƹŶū� Źŵ� ƶƧ� ŹƺƐƳŚưƷ

�ŵƺƃ�ƾƯ�ƵŶƷŚƄƯ�ƾƨƄų�ƹ�ƾƿŚƿŹŵ�ƪƨƃç��źƿŻ�Śţ�ƦƄưƃ�Ƶƹźĭ�ƵŶƗŚƣ��
ƶſŚƯ� Ĭƴſ� ƺƌƗ�ŚŤŰţ� ƽŏƵŹŚƀųŹ� �ƾƳ�ŵŹřŵ� ƾƿŚƿŹŵ� ƶưǀƳ� Śţ� ƾƿŚƿŹŵ� ƽŏ��

ƎǀŰƯ� Źŵ� ƾƳŚŤŰţ� ƽŚƸŤưƀƣ� šŚŝƺſŹ�ƝŹĥ���ƶŝ� ƹ� Ţſř� ƵŶƃ� ƶŤƄƸƳ� ƽźţ
ƵŹŚƀųŹ��ǇŚŝ�Ţưſ�ƶŝ�ŪƿŹŶţ�ƾƯ�ƶŞƬƛ�ƾƨƄų�ƽŚƷ��Ĭƴſ�ƺƌƗźƿŻ�Śţ��ŶƴƴƧ

ƶſŚƯ�ƾƫřƺţ� ŻŚƛō� ƶƧ�ƾƳŚŤŰţ�ƽŏ�ƶƳŚųŵƹŹ�ƽŚƷ��Ƶƹźºººĭ�ƾŤƟźŝō�Ţƃŵ� ƹ�ƽŏ
Śƛō� ƾůřƺƳ� źƿŚºſ� ŶƴƳŚºưƷ�ƦƄưƃƾƯ� Ż�ŵŵźĭ� ��ƩƹŶū� Źŵ� ƶƧ� ŹƺƏ� ƱŚưƷ

ºƴǀƫŚě� ŶƇŹŵ� ƾſŚƴƃ� ƶƴǀģ� ƱƺŤſ� ƽƹŹ� Źŵ� ŚƸƟŹƺƯƺ�ƪƨƃç� ��ƵŶƷŚƄƯ
ƾƯ��żǀƳ� ƹ� ƾƳŚǀƯ� ƲƿŹƺƳ� ƪŗřƹř� ƹ� ƲǀƄǀě� ƲƿŹƺƳ� źųřƹř� ƽŚƷ� ƶŤƄƸƳ� �ŵŵźĭ

ƶŤƄƸƳ��ƾƿŚƿŹŵ� ƎǀŰƯ� Źŵ� Ʋǀƀě� ƲƿŹƺƳ� ƪŗřƹř� ƹ� ƾƳŚǀƯ� ƲƿŹƺƳ� źųřƹř� ƽŚƷ
�ŻŚŝ�ƽŚƿŹŵ� �śƺſŹ�ŶƳř� ƵŵźƧ�ƽŹřŸĭ� �Ɵƺƴƿřŵ� ŵƺūƹ�Źŵ�ƱřƹřźººƟ�ƽŚƷ� ƶƫĥǈ

�Źŵ�ƭźĭ�ƹ�ŻŚŝ�ƽŚƿŹŵ�ŵƺūƹ�źŝ�ƾƬǀƫŵ�Ʋǀƀě�ƲƿŹƺƳ�ƪŗřƹř�ƹ�ƾƳŚǀƯ�ƲƿŹƺƳ�ƪŗřƹř
ŶƃŚŝ�ƾƯ� ƶƤƐƴƯ�Ʋƿř��ƽŚƸƬǀƀƟ�ƽřźŝŶƗŚƀƯ�ƾŤƀƿŻ�Ǝƿřźƃ�ƲŤƟźĭ� źƔƳ� Źŵ� Śŝ

�ŚƿŹŵ�Ʋƿř�Ɓźŝ�Ʋƿř�Źŵ�ƵŶƃ�ƾƿŚſŚƴƃ�ƽŚƟŹĥ�ƱŚưĭ�ƶŝ�ƾƳřŶƴģ���Żř�źŤƄǀŝæêå�
źŤƯ��Ţſř�ƶŤƃřŶƳ���ƵŶƃ�ƶǀƸţ�ƖƏŚƤƯ�ƹ�ƾƳŚǀƯ�ƲƿŹƺƳ�źųřƹř�ƽŚƸƨƷō�Ĭƴſ�Żř

źƠǀƴǀƯřźƟ� ƽřŹřŵ� Ʋǀƀě� ƲƿŹƺƳ� ƪŗřƹř�řƹŻƺƿźŝ� ƹ� ŚƷ��ƽŵŚƿŻ�ƽŚƸƨŞƬū� żǀƳ� ƹ� ŚƷ

śƺſŹ�ƎǀŰƯ�źǀƀƠţ�Źŵ�ƶƧ�Ƶŵƺŝ��ŹŚǀƀŝ�ƽĥƺƫƺƴǀƫŚě�šŚƘƫŚƐƯ�ŶǀŗŚţ�ƹ�ƽŹřŸĭ
ŶƳźŧƺƯ� �� ŚƷřƹŻƺƿźŝŜƬƛřƾƿŚƿŹŵ��ŶƴƴƧ� ƾƯ� ƾĭŶƳŻ� ƭźĭ� ƽŚƸŝō� Źŵ� ƹ� ŶƳř��

Śţ�Ʊřƺţ�ƾƯ� řŹ�ŚƷřƹŻƺƿźŝ�ƽŚƟŹĥ�ƩƺưƘƯ�ŹƺƏ�ƶŝ�ƾƫƹ�ŵƺưƳ�ƩŚŞƳŵ�ŵŚƿŻ�ŹŚǀƀŝ�
�ƽŹŚĭŻŚſ�ƩƺƬŰƯ�ƮǀƀƬƧ�šŚƴŝźƧ�ƹ�ƱřƹřźƟ�ƱĦǀƀƧř�ƽƹŚů�ƭźĭ�ƽŚƸŝō�Źŵ

� ŶƳŹřŵ��Źŷō� ƺţźěæèìé��� ƮƧ�ƽŚƷ�ƎǀŰƯ� Źŵ� ŚƸƨŞƬū�ŚƟŹĥ�ƭźĭ�ƽŚƸŝō� ƹ�
�ƶŝ�ŹŵŚƣ�ƱĦǀƀƧř�Żř� ŹŚƃźſ�ƹ�ƽĥźƳř�źě�ƽŚƷ�ƎǀŰƯ�Źŵ�ƹ�ŶƴƴƧ�ƾƯ�ƾĭŶƳŻ

ĥ�źŨƧřŶů�ƹ�ŶƴƃŚŝ�ƾƯ�ŢƀƿŻ�ŶƴƴƧ�ƾĭŶƳŻ�ŶƴƳřƺţ�ƾƯ�ƶƧ�řŹ�ƾŗŚƟŹæêå�źŤƯ�
ƾƯ� ŚƿŹŵ�ŮƐſ� Żř�� ŶƃŚŝ��Źŷō� ƺţźěæèìé� � ��Źŵ�źųřƹř� Źŵ� �źţǇŚŝ�ƽŚƸŤưƀƣ�

�ƮƧ�ƽŹŶƣ�ƶŝ�ŚƿŹŵ�Ʋǀƀě�ƲƿŹƺƳŚƟŹĥ�ƵŶƿŵźĭ��ƪƨƃè���ƾŰƐſ�šŚƳŚƿźū�ƶƧ
�ƶŝ�Ʊō�šřźŧř�ƹ�Ţſř�Ƶŵřŵ�ƾƯ�Źřźƣ�źǀŧŚţ�ŢŰţ�řźƳō�ƽř�ƶƳŚųŵƹŹ�ƶƨŞƃ�ŶƴƳŚƯ

ſ�ƽŚƷ�ƶººƴǀƯǇ�šŹƺƇ�ƾŝƺų�ƶŝ�ƾƬººǀƃ�ƽŚƷ�ƶƿǇ�ƱƹŹŵ�Źŵ�ƽř�ƶſŚƯ�Ĭƴ
ŶƴƃŚŝ�ƾƯ�ƆǀŴƄţ�ƹ�ƵŶƷŚƄƯ�ƪŝŚƣ��ƶƧ�ŹŚƠů�šřŵƺūƺƯ�ŹŚŧō�ŚƸŤưƀƣ�Ʋƿř�Źŵ

ƾƯ� ŢǀƫŚƘƟ� šŚŝƺſŹ� Źŵ� ƽŵƺưƗ� šŹƺƇ� ƶŝ��šŹƺƇ� ƶŝ� ŶƳř� ƵŵźƧ
Ţſř� ƵŶƷŚƄƯ� ƪŝŚƣ� ƾƿŚƸƏƹźºŴƯ� �� ƶƿǇ� Ʋǀƫƹř� ŹƺƸƓ� Śŝç�ƽźŤưǀŤƳŚſ� �

řŶů�ƶŝ�Ţưƀƣ�Ʋƿř�Źŵ�ƾƿŚƿŹŵ�ŹŚŧō�ĬƴƀƫŚƛŻ�ƾŝƺſŹ�ƵŹŚƀųŹ�ƹ�ŶſŹ�ƾƯ�ƪƣ
ƾƯ�ŹřŶƿŶě�ƦƄưƃ�Ƶƹźĭ�ƾůřƺƳ�źƿŚſ�ŶƴƳŚưƷ�Ʊō�ŵŵźĭ����

��
ŵŹƺƯ�Źŵ�ŦŰŝ�ƹ�ƶƀƿŚƤƯ��Źŵ�ƦƄưƃ�Ƶƹźĭ�ƵŶƗŚƣ�ƾƿŚƿŹŵ�ƶŤƄƸƳ�ƁźŤƀĭ

ƶƴƯřŵ�ƾƫŚưƃ�ŻźŞƫř�ƽŚƷ��
� ŵřŶųŹ�ƽŚūźŝ� ƱřźƿřŹŵ� ƾưƸƯ� ƾƿŚǀƟřźƜū� Ʋƿźƿŵ� šřźŧř� ƲǀƄǀě� Ʋƿźưǀſ

ƵŹŚƀųŹ� ƖƿŻƺţ� Źŵ� Ʊō� źǀŧŚţ� ƹ� ƶŤƃřŸĭ�ƿźţ� ƽŚƷ�ŹŚƨƃō� ƾŝƺų� ƶŝ� ǇŚŝ�ŽŚ
Ţſř���ŹŸĭ�ƶƧ�ƽżƧźƯ�Ʊřźƿř�Ɲǈų�źŝ�ƾƫŚưƃ�ŻźŞƫř�Żř�ƽŹŚǀƀŝ�ƾůřƺƳ�Źŵ

�ƾŬƿŹŶţ� ƹ� ŜºǀƄưƷ� ŵŹřƺƯ� ƾƯŚưţ� Źŵ� ƦƄưƃ� Ƶƹźĭ� ƶŝ� ŶƴŞƿŚƳ� ŶƳŻŚſ
ƶŤƄƸƳ� �Ţſř� ƵŶƃ� ƁŹřżĭ�ŚƷƽ�ŽŚƿźºººţ� Ʋſ� Śŝ� ƦƄưƃ� Ƶƹźĭ� ƾƳŚŤŰţ�

ƃ�ƶƴǀģ�ŵƺŞƳ�ŶƿƺƯ�ƶƧ�ƾŤǀƀƧƺŝ�ƹ�ƾŤƿźţǇ�ƢƟř�Śŝ�ƵřźưƷ�ƾƿǇŚŝ�źŝ�Ţſř�ƾſŚƴ
ƾƯ�Źřźƣ�ƾƳŚǀƯ�ŽŚƿźţ�šŚŝƺſŹ�ƽƹŹ��ƾůřƺƳ�ƾųźŝ�ƾƟźƘƯ�ƹŹ�Ʋƿř�Żř�ŶƳźǀĭ

�ŚƸƳō� Źŵ� ƹ� ƵŵźƨƳ� ƽƹźǀě� ƾƯƺưƗ� ƵŶƗŚƣ� Ʋƿř� Żř� ŵƹŹŶƴƬĭ�Ɓźŝ� ŶƴƳŚƯ� ƶƧ
�źƔƳ�ƶŝ�ƭŻǇ��Ţſř�ƵŶƃ�ƁŹřżĭ�ƾƿŚƿŹŵ�ƵŹŚƀųŹ�Śƿ�ƹ�ƾŬƿŹŶţ�ŹŸĭ�ƩŚưŤůř

ƾƯ�ŶſŹ� �ǀƫƹř� ƽřźŝº� �ŹŚŝ� ƲCartier(1971)�� ŹŵźŤºººųŚŝŹǈƧƃŵº� Ţ��ƹŵ
ŵƹŹŚƨƯ�śƺƴū�ƽźŤƯƺƬǀƧ��Ĭƴſ�źŤƯ�Ƶŵ�Ŷƴģ�ƶſŚƯ�ƽŚƸƨƷō��ƽźŤƀƧŚų�ƽř

ƵƺƸƣ�ƶŝ�ƪƿŚưŤƯ��śƹŚƴŤƯ�ƝŶƇ�Ƶŵźų�ƽřŹřŵ�ƾƷŚĭ��ƲƃƹŹ�żƯźƣ�Śţ�ŵŹŻ�ƹ�ƽř
ƶƿǇ� ƱƹŹŵ� Śŝ�ƶſŚƯ�ƽŚƸƬǀƃ�ƽŚƷ��ƹ� Ƶźǀţ� żƯźƣ� ƾƨƷō� ƹ� ƾſŹ� º� ƾŤƬǀſ� º� ƽř

ƢºƟř�Ĭƴſ�ƽŚƷ�ưƳ�ƁŹřżººĭ�ƹ�ƾŗŚſŚƴƃ�řŹ�ƾƨƷō�Ĭƴſ�ŢƬǀſ�ƹ�ƶſŚƯ�ƹ�Ƶŵƺ
Ưō�ƪǀƀƟ� �ŚƸƨƷō�Ĭƴſ�ŻřºǀƳƺº�ŢArcestes sp.��Śţ�ƾƳŚǀƯ�ŽŚƿźţ�Ʋſ�ƶŝ�

ǀƀěºưƳ�ƁŹřżĭ�řŹ�ƲººŢſř�Ƶŵƺ��ƾſŹźŝ�Źŵ�ƲǀƯŻ�ƽŚƷ�ƴƃſŚºŗřźŰƇ�ƾ�ƶƣŹƹ�ƾ
ůƹ� Ǝſƺţ� ŽƺƫŚºģƶƳƺºưƳ� Źŵ� �ƱřŹŚºƨưƷ� ƹ� ƾţŶ�ºǀĭźŤƄƸƳ� Żř� ƽºƶ��ƽŚƷ

ƃ�ƁŹřżĭ�Ǝſƺţ� ƵŶCartier(1971)� �ƺưƳ�ŢƠƷ�ŹŵƳƳřƹřźƟ�ƽŚƸƬǀƀƟ� �ƶº�ƾ



ƺƴǀƫŚěƶŤƄƸƳ�ƱƺǀſŚƳƹŻ��ĨƄưƃ�Ƶƹźĭ�ƵŶƗŚƣ�įŚƷ�ǇŚŝ�ŽŚƿźţ��Źŵ������
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ƧřźŤſř� �ŚƷźƠǀƴǀƯřźƟ� źǀƔƳºººǀŗƺƴƿźƧ� �ŚƷŶºººƘƐƣ� ƹ� řƹŻƺƿźŝ� �ŚƷŶºººšŚ�
ƠƧƹŵºººƶ�ĭ�ƲǀƄǀě�ƲǀţŹ� Śţ�ƲƿŹƺƳ�Ʋſ� Śŝ� ŶǀŗƺƴǀƧř� ƹ�ƽřºººƵŵƺưƳ�ƁŹřż���ŶƳř

��ŶƴưƄƳřŵ�ƾţŶůƹ�ƷŚƠƃ�ƽƺĮŤƠĭººººƾ����
źƀƯřŹ� ƭŹřżƷ�Ŷƈƨƿ� ƶƣŹƹ�šŚƘƫŚƐƯ�ƾƏ�ƶƧ�ƾſŚƴƃ�ƲǀƯŻ� ƱŚƯŻŚſ�Ǝſƺţ�

� ƩŚſ� Źŵ� ƶŤƟźĭ� ƭŚŬƳř� ŹƺƄƧæèíå� Źŵ� �ê�æ� ƩŚưƃ� ƽźŤƯƺƬǀƧ�ƽźŤųŚŝ�
Ĭƴſ� źŤƯ� Ƶŵ� Ŷƴģ� �Źřƹźǀƃ�śƺƴū� żǀƳ� ƹ�ƲǀƯŻŹƺƃ��ƦƷō�Ĭƴſ� ƹ�ƦƷō

ƶſŚƯ�ƝŶƇ�Ƶŵźų�ƽřŹřŵ�Ƶźǀţ�ƽźŤƀƧŚų�ƽř��Śŝ�ƵřźưƷ��ƆŴƄƯŚƳ�ƹ�żƿŹ�ƽŚƷ
ƶſŚƯ�ƹ�ƾƨƷō�º�ƾŤƬǀſ�ƽŚƸƬǀƃ�ƽŚƸŝƹŚºƴţ�ƵŶƃ�ƵŶƷŚƄƯ�ƽř��Ţưſ�ƶŝ�ƶƧ�źŤųŚŝ�

ºƀƯřŹ� ƶƣŹƹ�ƹ�ƁźŤƀĭ�źŞŤſºƽřźƵŵƺưƳ� řŶǀě�ƾƸūƺţ�ƪŝŚƣ��ŶƳř��Ɓźŝ�Ʋƿř� Źŵ
�Ʋſ�Śŝ��ŚƷŶǀŗƺƴºǀƧř�ŹŚų�ƹ�ŚƷŵƺěƹźºŤſŚĭ��ŚƷźƠǀƴǀƯřźƟ�źǀƔƳ�ƾƳřƹřźƟ�ƽŚƸƬǀƀƟ

�Ţſř�ƵŶƃ�ƁŹřżĭ�Ʋºǀƀě�ŽŚƿźţ�ƾƷŚƠƃ�ƽƺĮŤƠĭ��ŶƴưƄƳřŵ�ƾţŶůƹ����
ƞƿŵŹ�źĮƿŵ�Żř�ƾƯ�ƾƫŚưƃ�ŻźŞƫř�Źŵ���ŵƹŹŶƴƬĭ�ƶƤƐƴƯ�ƶŝŚƄƯ�ƾŝƺſŹ�ƽŚƷ��Ʊřƺţ

ſ�ƶŝŹŵ�ƶƧ�ŵƺưƳ�ƵŹŚƃř�ŶºººƴƫŚě�ƾưſŹ�źǀƛ�ŶƳŻŚèå�źŤųŚŝ�śƺƴū�ƽźŤƯƺƬǀƧ�
� ƹ�śōźƿŻ� źƸƃç�Ƃƃ� ƶŝ� Ŷƴŝ� Ľ� ƵřŹ� Źŵ� �� ŶƴƫŚě� ƵŶƨƷŵ� źŤųŚŝ�ƽźŤƯƺƬǀƧ�

� Ţſř� ƶŤƟźĭ� Źřźƣ� ŹŚŝŵƹŹ� ��ŶƴưƄƳřŵ� ƾţŶůƹ� Ǝſƺţ� ŹŚŝ� Ʋǀƫƹř� ŶƳŻŚſ� Ʋƿř
�æèëæ� �Ŷƿŵźĭ�ƾƟźƘƯ� �ƽřźŞŤſ�ƽƹ� řŹ�ŶƳŻŚſ�Ʋƿř�çååźŤƯ�ƁŹřżĭ�ƵŵƺưƳ�

ƹ� Ţſř� źưƧ� ƵźƤƳ� ŶƳŻŚſ� Śŝ� řźƳō��ƁźƠţ� ƭŹřżƷ� ŶƇ� Ʀƿ� ƶĭźŝ� ��żǀƳ� ƹ
ƽźſ��ƱŚƃŚƧ� ƶſ� Źŵ� Ŷƴŝ� ƽŚƳ� ŶƳŻŚſ� ƹ� ƽźŤƃ� ŶƳŻŚſ� Ʋǀŝ� Ǝſřƹ� Ŷů� ƽŚƷ

ƾƯ�ƶƀƿŚƤƯ�ŶƴƧ��ŶƴưƄƳřŵ�ƾţŶůƹ��æèëè����źŤųŚŝ�Źŵ�ƽŶƿŶū�Ɓźŝ�ƶƘƫŚƐƯ�Śŝ
� �ƾƬŞƣ�Ɓźŝ�ƽřźŞŤſ� ƶŝ� řŹ�ƖƐƤƯ�èååƾƯ�źǀǀƜţ� źŤƯ��ŶƷŵ�ƁŹřżĭ�Ʋƿř� Źŵ��ŚƷ

ƶŤƄƸƳ�ſ�ƽŚƷ�ǇŚŝ�ŽŚƿźţ�ƱŚƯŻ� ƶŝ�ƽŹŚĮƳ� ƶƴǀģ�ŢǀƘƣƺƯ�ŽŚſř�źŝ� ŶƴƫŚě�ŶƳŻŚ
Ţſř� ƵŶƃ� Ƶŵřŵ� ŢŞƀƳ� � ��Ʋƿř� ƽƹŹ� źŝ� ƶŤƟźĭ� ƭŚŬƳř� ƽĥƺƫƺƴǀƫŚě� šŚƘƫŚƐƯ
śƺſŹ�ƎǀŰƯ� �ŶƳŻŚſ��ƹ�ƆŴƄƯ�Ʊō�Żř�ƾŗŚƸŤưƀƣ�ƽřźŝ� řŹ�ƾŗŚƿŹŵ�ƽŹřŸĭ

�źŝ� řŹ�ƲǀţŹ� º�ƲƿŹƺƳ�ƽŚƸŝƺƨƃō�ƹ�ŶǀŗŚţ� řŹ�ƾƬŞƣ�ƵŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ�Ʋſ�żǀƳ
� Źƺƌů� ƶƿŚěƶƫĥǈƟƺƴƿřŵ��Ţſř� ƵŵƺưƳ� ƲǀǀƘţ� Ʊō� ƽřźŝ� Ʋǀƀě� ŽŚƿźţ� ƽŚƷ

��ƽźǀŝŵæèíå� ���Ʀƿ� Śŝ� ƵŹřƺưƷ�ŻźŞƫř� ƾůřƺƳ�ŜƬƛř� Źŵ� ƶƧ�ƦƄưƃ� Ƶƹźĭ
�ƹ�ŵƹŹŶƴƬĭ�ƾůřƺƳ� Źŵ� �Ţſř� ƵŶƃ�ƁŹřżĭ� Śƨǀƫř�ŶƳŻŚſ�ƽƹŹźŝ�ƾĮŤſƺǀěŚƳ
�ƽŚƷ�ƶŤƄƸƳ�ƶŝ�Śƨǀƫř�ŶƳŻŚſ�ƶţŚƴŝźƧ�ƽŚƷ�ƶŤƄƸƳ�Żř�ƾŬƿŹŶţ�ŹŸĭ�Ʀƿ�Śŝ�ŶƴƫŚě

ƶưǀƳ� Śţ� ƾƿŚƿŹŵƵƹźĭ� Żř� ƾƄŴŝ� ƾƿŚƿŹŵ�ƾƯ� ƦƄưƃ� ��ŶſŹ� ��ƶǀůŚƳ� Źŵ
ŵƹŹŶƴƬĭ�ƹ� ŵŹřŵ� ƾƿŚƿŹŵ� ƵŹŚƀųŹ� źŤƄǀŝ�ƦƄưƃ� Ƶƹźĭ� ƲǀƿŚě� ƽŚƸŤưƀƣ� �

�Ĭƴſ� � �ƶſŚƯ�Ĭƴſ� �ƽř� ƶſŚƯ�ƽŚƷ�ƪǀƃ� �ĬƳŹ�ƽźĮū�ƽŚƷ�ƪǀƃ�ƪƯŚƃ
ƽř� ƶƠƧ� ƹŵ�ƪºǀƀƟ� ŚƸƳō� Źŵ� ƹ� � Ƶŵƺŝ�ƾƿŚƿŹŵ� Ƶźºººººǀţ�ƽŚƷ� ƪǀƃ� ƹ�ƦƷō���

ŢǀƳƺƯō�źƠǀƴǀƯřźƟ� ƹ��ƶŝ� ƽŵŚƿŻ� ƽŚƷƾƯ� ƮƄģ��� ŵŹƺų� ��Żř� ƪƇŚů� � ŪƿŚŤƳ
�ƢưƗ� ŵƹŶů� ƲǀƴĤưƷ� ƹ� Ʊŵƺŝ� ƾƿŚƿŹŵ�ƽĥƺƫƺƴǀƫŚě� ƽŹŚƯō� šŚƘƫŚƐƯ

śƺſŹ�ƽŹřŸºººĭ�ŵŻŚſ�ƾƯ�ƆŴƄƯ�ƵŵƹŶŰƯ�Ʋƿř�Źŵ�řŹ���
śƺſŹ� ŶƳŶƤŤƘƯ� ƶƧ� ƱŚſŚƴƃ� ƲǀƯŻ� Żř�ƾųźŝ� ƵŶǀƤƗ�Ɲǈººų� źŝ��Źŵ�ƽŹřŸĭ

ƽŹřƹō�ƽŚƷ�ƶŤƄƸƳ�ƶƨƴƿř�Śƿ�ƹ�ƵŶƄƳ�ƭŚŬƳř�Ʊřźƿř�ƩŚưƃ�Źŵ�ǇŚŝ�ŽŚƿźţ�ƾƏ�ƹ�
ƵŹŚƀųŹ�Źƺƌů�ƱƹŶŝ�Ƃǀŝƹ�ƮƧ�ǇŚŝ�ŽŚƿźţ�ƾƬůŚſ��Źŵ�ƵŶưƗ�ƾƿŚƿŹŵ�ƽŚƷ

ŶƳŹřŵ� ƱƺưƴųŹ�ƾůřƺƳ� Ʋƿř��ƾƴǀŗŚƳ� ƽƺƬƗæèìæ��šŚƘƫŚƐƯŻř� ƪƇŚů�ŪƿŚŤƳ� �
�Ʋǀƀě�ŽŚƿźţ�Ʋſ�ƹ�Ʊŵƺŝ�ƾŗŚƿŹŵ�ƽĥƺƫƺƴǀƫŚě�ƲǀţŹ�º�ƲƿŹƺƳ���ƵŶƗŚƣ�ƽřźŝ�řŹ

ƾƯ�ƆŴƄƯ�ƦƄưƃ�Ƶƹźĭ�ŶƿŚưƳ��ƶƧ�Ţſř�ƕƺƋƺƯ�Ʋƿř�ŶƿƺƯ�šŚƘƫŚƐƯ�Ʋƿř
� ŹŵƶƴƯřŵ�ƶƴǀģ� Ĭƴſ� ƽŚƷ� ƵŹŚƀųŹ� ŵƺūƹ� �ƾƫŚưƃ� ŻźŞƫř� ƽŚƷ��ƾƿŚƿŹŵ� ƽŏ

ŽŚǀƫ�ƹ�ǇŚŝ�ŽŚƿźţ���ƱŚưĭ�ƶŝ�ƑŚŰƫ�ƶŝ�ƹ�ŶƃŚŞƳ�ƵŶƃ�ŵŚƿ�ƾůřƺƳ�ƶŝ�ŵƹŶŰƯ�
�Ƶƹźĭ� Żř� ƾƬƯŚƧ� ƽŚƸƃźŝ� Ʊŵƺŝ� � ŽźŤſŵ� ƪŝŚƣ� źǀƛ� ƹ� ƾƷŚǀĭ� ƾĭŶǀƃƺě

ƶººŤƄƸƳ�ƪƿŶŞţ�ƾŬƿŹŶţ�ŹŸĭ��ƢƏŚƴƯ�Ʋƿř�Źŵ�ƦƄưƃ��ƶŝ�ƾƳŚǀƯ�ŽŚƿźţ�ƽŚƷ
ƶŤƄƸƳ��ƽŚƷƵŹŚƀųŹ�żǀƳ�ƹ�ƾƿǇŚŝ�ŽŚƿźţ��Źřźƣ�ƶūƺţ�ŵŹƺƯ�źºŤưƧ�ƾŗŚƿŹŵ�ƽŚƷ

Ţſř�ƶŤƟźĭ���
 

ƽźǀĭ�ƶŬǀŤƳ��
ƶŤƄƸƳ� ƶƧ� ŚŬƳō� Żř��Żř� źĮƿŵ�ƽŹŚǀƀŝ� ƹ� ŻźŞƫř� Źŵ�ƦƄưƃ� Ƶƹźĭ� ƵŶƗŚƣ�ƽŚƷ

�ƾĮŤſƺǀěŚƳ�Ʀƿ�Śŝ�ƲǀƄǀě�Ʋƿźưǀſ�ŵřŶƿƹŹ�ŵźƨƬưƗ�źǀŧŚţ�ŢŰţ�Ʊřźƿř�ƾůřƺƳ
ƢƟř�żǀƳ�ƹ�ƱŚƄƳ�ƶƧ�ŢƿźţǇ�ƹ�ŢǀƀƧƺŝ�ƽŚƷ��Ʀƿ�ƵŶƴƷŵ�śō�Żř�ũƹźų�ƵŹƹŵ

ƾƯ��ƶƘƫŚƐƯ� ƹ� ƾƟźƘƯ� �ŶƳř� ƶŤƟźĭ� Źřźƣ� Śƨǀƫř� ƾţŚƴŝźƧ� ŶƳŻŚſ� ƽƹŹ� źŝ� ŶƃŚŝ
ǀƫř�ƾţŚƴŝźƧ�ŶƳŻŚſ�ƶƧ�ƾƤƏŚƴƯºººĭ�Ʀƿ� Śŝ�Śƨºº�ƕŚƐƤƳř�ƱƹŶŝ�ƹ�ƾŬƿŹŶţ�ŹŸ

śƺſŹ�Źŵ�ƶŤƄƸƳ�ƶŝ�ƽŹřŸĭ�ƶſŚƯ�Ĭƴſ�º�ƾƬǀƃ�ƽŚƷ��ƪƿŶŞţ�ƦƄưƃ�Ƶƹźĭ�ƽř
ƾƯ�śƺſŹ� ƎǀŰƯ� ƲǀǀƘţ� źºƔƳ� Żř� �� ŵƺƃ�ºƴǀƫŚě� �ƽŹřŸĭ�ƲǀǀƘţ� ƹ� ƱƺǀſŚƳƹŻƺ

Ţſř�ŢǀưƷř�żŗŚů�ŹŚǀƀŝ��Ʊō�ƽĥƺƫƺƧřƺŘƫŚě�ƹ�šŚŝƺſŹ�Ʋƿř�ƪǀƨƄţ�ƱŚƯŻ���Źŵ
ƐƴƯ� Ʋƿř� Źŵ�ƦƄưƃ� Ƶƹźĭ� ƵŶƗŚƣ� ƽƹŹ� źŝ� ƶŤƟźĭ� ƭŚŬƳř�šŚƘƫŚƐƯºº�Żř� �ƶƤ

ưŬƯºººŤſ�ƕƺººº�ƽřźŞêîå�ƹ�źŤƯ�èåưƳ�ººƃ�ƶŤƟźĭ�ƶƳƺºººěƺſ� �ƵŶºººº�ƱƹŻź 

Rhaetogonyaulax�ƴƿřŵ�ƽŚƴŞƯźŝ�ƱƹŻ�ŹŚƸģ�żǀƳ�ƹǈƟƺ�ƶƫĥƵ��ƹ�ƾŗŚſŚƴƃ�ŚƷ
Żř�ŶƴţŹŚŞƗ�ǇŚŝ�ƶŝ�ƲǀŗŚě�Żř�ƶƧ�Ŷƿŵźĭ�ƦǀƨƠţ�����

�ƱƹŻƺƿŚŝI  ��� Heibergella asymmetrica�ƲǀƿŚě�ƲƿŹƺƳ��Ʋſ�Śŝ����
�ƱƹŻƺƿŚŝ II � aculeata�Heibergella��ƾƳŚǀƯ�ƲƿŹƺƳ�Ʋſ�Śŝ���
ƱƹŻƺƿŚŝ�III �� balmei�Hebecysta��ƾƿǇŚŝ�º�ƾƳŚǀƯ�ƲƿŹƺƳ�Ʋſ�Śŝ���
ƱƹŻƺƿŚŝ��IV� ��Rhaetogonyaulax rhaetica���º� ƾƿǇŚŝ� ƲƿŹƺƳ� Ʋſ� Śŝ
ƲǀţŹ��

�Źŵ�ƦƄưƃ�Ƶƹźĭ�ƵŶƗŚƣ�ƽŚƸƟŹƺƯƺƴǀƫŚě�ƽƹŹźŝ�ƵŶƃ�ƭŚŬƳř�ƽŹŚƯō�šŚƘƫŚƐƯ
�ƲƿŹƺƳ�ƪŗřƹř�ƹ�ƲǀƿŚě�ƲƿŹƺƳ�źųřƹř�šŚŝƺſŹ�ƶƧŵƺưƳ�ƆŴƄƯ�ŵƹŹŶƴƬĭ�ƶǀůŚƳ
�ƎǀŰƯ� Źŵ� ǇŚŝ� ƲƿŹƺƳ� ƪŗřƹř� ƹ� ƾƳŚǀƯ� ƲƿŹƺƳ� źųřƹř� ƽŚƷ� ƶŤƄƸƳ� żǀƳƹ� ƾƳŚǀƯ

ƾƿŚºƿŹŵ��ŻŚŝ�ƽŚƿŹŵ��ƵŶƃ�ƶŤƄƸƳ�ŶƳř� ��ƽƹźƀě�ƾƿǇŚŝ�ƲƿŹƺƳ�Źŵ�ŹƹźƯ�ƶŝ�ŚƿŹŵ
�ƾŝǇƺƧƹ�ƽř�ƶƳŚųŵƹŹ�º�ƾƿŚŤƫŵ�ƎǀŰƯ�Źŵ�šŚŝƺſŹ�ƾƴǀƿŚě�ƲǀţŹ�Źŵ�ƹ�ƵŵƺưƳ

ŶƳř� ƵŶƃ� ƪǀƨƄţ��ƲǀƯŻ� ƽŚƷŵřŶºƿƹŹ� żǀƳ� ƹ� ƲǀƄǀě� Ʋƿźưǀſ� ŵřŶƿƹŹ� šřźŧř
�ŶƴƿřźƟ� źŝ� řŹ� źǀŧŚţ� ƲƿźŤưƧ� ŵƹŹŶºƴƬĭ� ƶƤƐƴƯ� Źŵ� Ʊō� Żř� žě� ƾŤųŚſ

śƺſŹ�ĭ�ƶƯřŵř� Źŵ�ƦƄưƃ� Ƶƹźĭ� ƹ� ƶŤƃřŵ� ƾƿǇŚŝ� ŽŚƿźţ� ƱŚƯŻ� Źŵ� ƽŹřŸ
śƺſŹ�Źŵ�ƞƣƺţ�ƹ�ƕŚƐƤƳř�ĢǀƷ�ƱƹŶŝ� Śƨǀƫř�ƾţŚƴŝźƧ�ŶƳŻŚſ��ƶŤƄƸƳ� �ƽŹřŸĭ
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�������� 

��éç���������������������������������������������ƹ�ŹŚƸŝ������������ƱŚŤƀŝŚţíè�ƩŚſ��ƿŻŚƵŹŚưƃ��ƮƷŵ�êæ�êç��������������������������������������������
 

śƺſŹ�ƭƹřŶţ�ƵŶƴƷŵ�ƱŚƄƳ�ƶƧ�Ţſř�ƵŶƃ��ŽŚƿźţ�ƶŝ�ƾƳŚǀƯ�ŽŚƿźţ�Żř�ƽŹřŸĭ
ƾƯ�ƶƤƐƴƯ�Ʋƿř�Źŵ�ƾƿǇŚŝ�ŶƃŚŝ����

��
ĮſŚĜſżƽŹř��
ƴƀƿƺƳººƾƯ�ƭŻǇ�ƱŚĭŶ�źƨƄţ�ŜţřźƯ�ŶƴƳřŵ�ŹƺƀƟƹźě� Żř� � řŹ� ŵƺų�ƾƳřŵŹŶƣ�ƹ�

William A.S.Sarjeant�Şſ�ƶŝŜǀƤŰţ�Ʋƿř�Źŵ�ƾưƬƗ�ƾƷřźưƷ�ºƳ�ƹ�Ƣºǀº�ż

ƴƧŹŚƧºƫƺƴǀƫŚě� ƵŚĮƄƿŚƯŻō� ƱŚºº� ƵŚĮƄƳřŵ� ƽĥƺSaskatchewan�ƶǀƸţ� ƽřźŝ�
žƨƗ�ƹ�ƖƏŚƤƯ��ƽŚƷ SEMŶƳŹřŵ�Żřźŝř���Żř�ƲǀƴĤưƷ��ƮƓŚƧźŤƧŵ�ƽŚƣō��

ŢǀƳƺƯō� ƾŗŚſŚƴƃ� ŜŞſ� ƶŝ� ƾƯŚƯř� Ŷǀſ�Ƨƹŵ� ƹ� ŚƷƶƠ�ƽř��źƨƄţ� ƶƳŚưǀưƇ� ŚƷ
ƾƯ�ŶƴƿŚưƳ��Ʋƀů�Ŷǀưů�ŽŶƴƸƯ�ƹ�ƽŹƺŞƇ�źƠƘū�ŽŶƴƸƯ�ƱŚƿŚƣō�Żř�żǀƳ�ƹ��ƵŵřŻ

Źŵ� ƽŹŚƨưƷ� ƽřźŝ��šŚƘƫŚƐƯ� ƾƏ� Źŵ� ƾƷřźưƷ� ƹ� ƾŗřźŰƇ� ƽŚƸŤƃřŵźŝ
ĮſŚĜſżƾƯ�ƽŹř�ŶƴƿŚưƳ�� 
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Plate I 
Magnifications ca. 850X  
1-4 -  Heibergella asymmetrica  Bujak & Fisher,1976. 
5-6  - Heibergella aculeata   Bujak & Fisher,1976. 
7-8-   Hebecysta balmei   (Stover & Helby 1987) Below 1987 
9-12- Heibergella salebrosacea  Bujak & Fisher,1976. 
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Plate II 
Magnifications ca. 850X. Scale bar represent 10  m 
 
1-4- Rhaetogonyaulax sp. (Sarjeant) Loblich, 1987. 
5-7- Rhaetogonyaulax rhaetica  (Sarjeant) Loblich, 1987. 
8-   Veryhachium trispinosum 
9-   Heibergella asymmetrica  Bujak & Fisher,1976. 
10- Heibergella aculeata   Bujak & Fisher,1976.  
11- Rhaetogonyaulax sp. (Sarjeant) Loblich, 1987. 
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ŭ��Źŷō�ƺţźě���æèìé�����Ʊřźƿř�Źŵ�ƲǀƯźě�ƮŤƀǀſ�ŹƺƄƧ�ƾƳŶƘƯ�šŚƟŚƄŤƧř�ƹ�ƾſŚƴƃ�ƲǀƯŻ�ƱŚƯŻŚſ��śŚŤƧ�ƲƿƹŶţ�ŭźƏ�ƅ��èéå�                                   ��
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ƭ��ƾƴǀŗŚƳ�ƽƺƬƗ��æèìæ� -Ʊřźƿř�Źŵ�ƲƿźưǀƧ�ŵřŶųŹ����ƲǀƯŻ�ƭƺƬƗ�ƶƯŚƴƬƈƟ��ƲǀƯŻ�ƱŚƯŻŚſ��ſŚƴƃŹƺƄƧ�ƾƳŶƘƯ�šŚƟŚƄŤƧř�ƹ�ƾ���ƵŹŚưƃ�ê����ƅ�� éì��èí������ 
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ƁŹřżºĭ ��ƾƬųřŵ�ƅ�æì��� ��
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