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Abstract 
The Lower Cambrian Lalun Formation includes the lower Sandstone, middle Shale and upper Top Quartzite units. The contact 
of the Shale unit with that of the Sandstone unit is unconformable grading upward to Top Quartzite unit. Two bioherm 
horizons are present near the base of the shale unit. The Shale unit represents deposition in an estuary environment. The Top      
Quartzite of the Lalun Formation records deposition in a shoreface depositional setting.  
Facies and depositional environment of the Hawke Bay Quartzite of the Appalachian Mountains and the Zabriskie Quartzite 
of California are similar to the Top Quartzite of the Lalun Formation. The upper contact of the Hawke Bay and Zabriskie 
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Quartzites is a regional unconformity signifying the Lower and Middle Cambrian boundary. These deposits, as well as, the 
Top Quartzite are correlated to similar deposits in Turkey, Oman, China, southwest Europe and south of Australia. They are 
unconformably overlain by Middle Cambrian rocks, too. Therefore, the unconformity of the top of the Top Quartzite unit is 
interregional, coinciding with the Lower and Middle Cambrian boundary. 
Two biostromal and biohermal thrombolite horizons present near the base of Member 1 (2 meters above the boundary) 
indicating the onset of Middle Cambrian transgression. This event resulted in the formation of the transgressive Mila 
succession (Members 1-3). Therefore, the Top Quartzite of the Lalun Formation does not belong to the Mila succession and 
cannot be considered as its Base Quartzite unit, as some geologists have previously suggested. 
The contact between the Shale and Top Quartzite units is gradational and the two units are bounded by two erosional 
unconformities. Therefore, the Top Quartzite cannot be considered as a separate lithostratigraphic unit.    
 
Keywords: Lalun Formation, Top Quartzite unit, Shale unit, Base Quartzite, Member 1 of Mila Formation, Middle Cambrian, 
Lower Cambrian 
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�ƹEmbry & Klovan, (1971)�ſ�ƹ�ººººƴĮ�ƵŵŹ�ƶºƿŚě�źŝ�ƽŹřƹō�ƽŚƸ���ƽŶºƴŝ�

Pettijohn et al., (1987)ƵŶƃ�ƽŹřŸĮƯŚƳ��ŶƳř����
��

ƵŹŚƀųŹ�ƱƺƫǇ�ŶƳŻŚſ�ƾƿǇŚŝ�ƂŴŝ�ƽŚƷ��
�Assereto (1963���Ź�ƱƺººƫǇ�ŶƳŻŚººſ�Źŵ��ř�ƺººĮƫř�Ɓźººŝ��ƶººŝƽŚƷŶººůřƹ��

ƶſŚƯ��Ĭƴſ���ƾƴǀƿŚě��ÑÖÕ�źŤƯ�����ƾƬǀƃ��ÐÒ��ƪǀƃ�źŤƯ�����ƱŚǀƯ�Śŝ�ƲǀĮƳŹ���ƶƿǇ���ƾƿŚƷ���Żř�
ƶſŚƯ��Ĭƴſ������ƾƿǇŚŝ�ŢƿżţŹřƺƧ�ƹ��ÒÍ�źŤƯ�������Ţſř�ƵŵźƧ�ƂŴŝ����ƪƨºƃÏ�����źºŝ�

��ƲǀººƯř�šŚººƘƫŚƐƯ�ƶººƿŚě��ƾƫƺººſŹ�ÎÐÔÕ���ƹ�ƲǀººƯř�ƹ�ƾưººſǇ�ƾƫƺººſŹ��ÎÐÔÕ��
a,bÎÐÕÎ���ÎÐÕÏ���ęŚģ�źƿŻ�ƹ���Įƴſ���Ŷůřƹ�ƽŚƸ�ƾƬǀƃƱƺƫǇ�ŶƳŻŚſ�ƶŤƄƸƳ��ƽŚƷ

�ƶƳŚƷŵ�ŪǀƬų�����ě�ƭŚĮƴƷ�ƶŝ�ƶŤƀŝřƹ�ƽřƄǀ��ŚƿŹŵ�ŮƐſ�ƽƹź��ŶƴŤƀºƷ���ƶƳŚƄºƳ�����Ʋºƿř�ƽŚºƷ
ƽƹźƄǀě������������Ţºſř�Ƶŵřŵ�űŹ�ƾƳŚºǀƯ�ƹ�ƲƿźºƿŻ�ƲƿźŞƯŚºƧ�ŻźºƯ�ƦºƿŵżƳ�Źŵ�ƶƧ��Źŵ

Ƴƺƾůř�ƹ�ŵřŻźǀưƸƃ�ƶƿƺţ�����ŹřƹŹŵ�ƶſŚƯ�ƶƿǇ�Ĭƴſ�ƽżţŹřƺƧ�ƵƺƬƣ��Źřŵ�ƪƨƃ��
�aÐ� Śŝ�ǀĮŤƠƃōƾŤƀƿŻ�ƽŚƸ ��ƪƨƃbÐ��ſźƟ�ƲƿźƿŻ�ŮƐſ�Śŝ�ƶƧ�Ţſř�źŝ�ƾƄƿŚ

��ƶſŚƯ�Ŷůřƹ�ƽƹŹ��������ƾºƯ�ƵŶºƿŵ�ƾƴǀƿŚºě�Ĭƴſ���ŵƺºƃ���ƶºƿǇ���ƵŶºƳźǀĭźŝ�Źŵ��ƱŚƀºưƷ�
ǀĮŤƠƃōƽŚƸ�ƾŤƀƿŻ�������������ƲƿźºƿŻ�ƲƿźŞƯŚºƧ�ƱŚºƿŚě�ƦºƿŵżƳ�ƶŝ�ƶŤƀŝřƹ��ƄºŴŝ�Źŵ�ƽŚƸ
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(Pemberton et al., 1979; �Seslavinsky  & Janes & 
Gravestock 1990; Maidanskaya, 2001; Fedo & Cooper 
2001  Hasiotis, 2003�) 

���ſ�ƽǇŚŝ�ƽżţŹřƺƧ�řźƯƺƬĮƴƧºº�������ƱŚºƯźƧ�ŶƳŹŻ�Źŵ�ƺƷřŵ�ŶƳŻŚ��ºſǇº���ƾưÎÐÔÖ��
ƮƷ�ř���ƶſŚƯ�ƶƿǇ�Ʋƿř�ŻŹ�����ƽżţŹřƺƧ�ĬƴſƵƺƬƣ����Źřŵ���������ƽƹźƄºǀě�ƭŚºĮƴƷ�Źŵ�ƶºƧ�Ţſř�

����ƵŶƯō�ŶƿŶě�ŚƿŹŵ��Ţſř����űŚŞƴƫō��æîìç������������ƹ�ƾƿǇŚºŝ�ŢºƿżţŹřƺĩ�Ŷºůřƹ�ŻźºƯ�żǀƳ
�Ƶŵźĩ�ƆŴƄƯ�ƶŤſƺǀěŚƳ�řŹ�ǈǀƯ�ŶƳŻŚſŢſř���

�Źŵ�ƶǀůŚƳƶƿƺţ��º��ŹřƹŹŵ��ƶƿǇ�Ʋƿř�ƽƹŹ���ƬǀºƃŚƸ��Śºŝ�ƾºĮƳŹ�ƽ�ƢºƟř�ƹŵ���źƷƺºǀŝ�Ưƾ 
���ƪƨƃcÐ���ŶƳŹřŵ�ƽŚū��ƲǀƯř���ƾƫƺſŹÎÐÔÕ��ƾưſǇ�ƹ���ƲǀºƯř�Ź�ºſ�ƾƫƺ�ÎÐÔÖ��

a,bÎÐÕÎ���ƹ�ÎÐÕÏ����ƺǀŝ�Ʋƿř��ƯźƷ�ŚºƸ��ǀĮŤƀºūźŝ��������ƽŹřŸĮŝƺºſŹ�Śºŝ�ƱŚºƯżưƷ�ƽŚƸ
(Kisseling & Flugel, 2002)��ƀººƨƬĜưƧ�ƶººƳƺĭ�ƶººŝ�ƶººƧ�ŶƴŤƀººƷ��ƽŚƸ

ŝƾƯźƷƺǀ����ŶºƳř�ƮºƷ�Żř�řŶū������Ʋºƿř�ƱŚĭŶƳŻŚºſ�ƺºǀŝ�ƯźƷ��ŚºƸŤǀƫƺǀŝƹźĪǀƯ�ŚºƸ��ƴŤƀºƷŶ�
����ƾƫƺſŹ�ƲǀƯř�ƹ�ƾưſǇ���ęŚģ�źƿŻ������ƪĪƃdÐ���ƤƟř��ƹ�ƾƯźƷƺǀŝ�ƽŚƸ�Ƭǀƃ��ƽŚƸ

ƲǀĮƳŹ�����ƱŚưĭ�ƶŝ��ƾƬǀƃ�Ŷůřƹ����ƽƺºƣ�����ƶºƿǇ�ŻŹř�ƮºƷ������ţŚºƴŝźƧ�ƽŚºƷƾ�ƹ��Ƭǀºƃ��ƽŚƸ
���Ĭƴººſ�ƶºſŚƯ�Ŷººůřƹ�ƲƿźºƿŻ�ƂºŴŝ�ºŤƿżţŹřƺƧ�º�ƾZaberiskiǀƳźƠǀƫŚƧ�ºººº�Źŵ�Ś

ƯřƿźºŚƨ�Cooper, 2001)�(Fedo &��ƯźƷƺǀŝ�ƲƿźŞƯŚƧ�ƭŚŬƳřźſ�ƽŚƸŻ�ºƿź�Ʋƿ
ƴƯŚƢƏ���źŤųŚºŝ�ƹ�ŚºƨƿźƯř�Źŵ�řŵřƺƳ�Hubei��Ʋǀºģ�Źŵ�(Hicks et al., 2003)��

�ƩŚưƃſř�ƽźŤųŚŝ�ŚǀƳŚĜ(Alvaro et al., 2000)��ƴƫŶƳŚƟƺǀººƳ�źººŤųŚŝ�ƢƏŚƴƯ����Ŷ
(Zhuravlev, 2001)����ŹƹŵřźºŝǇ�śƺºƴū�ƹKobluk & James, 1979)�� �

(James & Kobluk, 1978;ů�Źŵ�ººººǀƃŚºººººŤųŚŝ�ƶºººººƷƺƧ�ƽź�ƽŚºººƸ
ěōººººººų�Źŵ�ƁǇŚººººººƳŚƧ�ŹƹŚººººººřŵŚ) ſ�źººƿŻºººººƳŻŚºººº�Ŷ(Hawke Bay�

James & Gravestock, 1990)�(Debrenne & James, 1981; ��
ƤƐƴƯººº�ºººººººº�ƶElat�(Soudry & Weissbrod, 1995)��ƤƐƴƯ�ººººººººººººƶ�

�Tuva�Altay-Sayan�ƽźŞǀºººſ�Zhuravlev, 2001)��(James & 

Gangloff, 1988; Rowland�Debrnne, 1980;�ƹ�ƾůřƺººƳ�ƿŵººĮź�
ūºººƸºŚƱ�1995, 1996)�(Zhuravlev & Wood,��ŶƴŤƀººƷ��ƯźƷƺǀŝ�ƽŚººƸ
ƿºººººº�ƃ�ŵŚºººº��Ƴ�Żř�žě�ƵŶººººŝŚºº�ŤƀºƿŻ�ƽŵƺººººººſ�ƾººººƛōź�ºººǀƳƺǀţ�ŻŚ�ººººººº�Ʋ

(e. g., Alvaro et al., 1999)ƵŶƃ�ŹřŶƿŶě��ŶƳř��ŝƯźƷƺǀƽŚƸ��ƾŤǀƫƺºǀŝƹźƨǀƯ�
�ƾŤǀƫƺţŚƯƹźŤſř����ƾŤǀƫƺŞƯƹźţ��ƹ���ƱƺƫǇ�ŶƳŻŚſ�ƾƬǀƃ�Ŷůř�Śŝ������ƶſŚƯ�ƹ�ƪǀƃ�śƹŚƴţ�

Ĭƴſ��ƵŶƃ�ƵŶǀƃƺě���ŶƳř���ƶŤƄƸƳ�Ʋƿř����ŚƷ���������ƾƿǇŚºŝ�ŢºƿżţŹřƺƧ�Ŷºůřƹ�ƶºŝ�ŪƿŹŶţ�ƶŝ�
ƾƯ�źǀǀƜţ�ƱƺƫǇ�ŶƳŻŚſ�ƴƧƴŶ���ƪƨƃaÑ����

���ƶŤƄƸƳ�ƾƿǇŚŝ�ŢƿżţŹřƺƧ�Ŷůřƹ����ƽŚƷ��ƪůŚſ�����ŹŚƀºųŹ�ƶŤºſŵ�ƶºŝ�ƶŤƀŝřƹ�ŚƿŹŵƵ��ƽř
��ŚƿŹŵ�ŮƐſ�ŢƟř�ŤƀƷ���Ŷƴ�ƲǀƯř��ƾƫƺſŹ��ÎÐÔÕ����ƲǀƯř�ƹ�ƾưſǇ���ƾƫƺſŹ��ÎÐÔÕ��ƹ�

ÎÐÕÏ����ƾưººſǇ�ÎÐÔÖ��(1995, 1997��Ŷººůřƹ�ƽƹŹ�ƾººưƸƯ�ƾĮŤººſƺǀěŚƳ�
Ţººſř�Ƶŵřŵ�ƆǀŴƄººţ�ƾƿǇŚººŝ�ŢººƿżţŹřƺƧ���ŻźººŞƫř�ŹƹŚººų�Źŵ�ƾĮŤººſƺǀěŚƳ�Ʋººƿř

�ƶƳƺĭ�ƶŝ�ƽżƧźƯ�ƵŵŻřƺƷ�ƢƟř�űźºſ�ĬºƳŹ�����ƪƨºƃb, cÑ�����Ʊō�Źŵ�ƶºƧ�Ţºſř
���Żř�ƂǀŝÖÍ�Źŵ��ƶƳřŵ�ŶƇ�����ŢǀƯƺƫƹŵ�ƶŝ�ƶſŚƯ�ƽŚƷ�ŢǀţŚưƷ��ƵŵźƧ�źǀǀƜţ�����ŶƳř��ƪƨƃ

d, eÑ���ŜººŬƗ�ƶººƤƐƴƯ�Źŵ��źǀººƃ�ƽŹƹŚººų�ƱŚººŬƿŚŝŹŷō��ƢººƟř�ƽǇŚººŝ�ƵŵŻřƺººƷ�

���ƾƿǇŚŝ�ŢƿżţŹřƺƧƦƿŵżƳ�ÒÍ�ƾŤƳŚſ����řźŞŤºſ�źºŤƯ�ŵŹřŵ����ƪƨºƃfÑ������ŹŚĮŤºſřŹ
ÎÐÔÖ�������ŵŚŝŚƸƯ�ƶƤƐƴƯ�Źŵ��ƽźŤųŚŝ�ƱŚŬƿŚŝŹŷō��ƢƟř��ƵŵŻřƺºƷ���űźºſ�����Źŵ�ĬºƳŹ�

��ǀƯ�ŶƳŻŚſ�ŻźƯ���ƹ�ǈ�ƾƿǇŚŝ�ŢƿżţŹřƺƧ���Ţſř�ƵŶƃ�ƶŤųŚƴƃ��������ŵřĦºƳ�ŹŚŴŤƟřÎÖÓÔ��
�ƵŶƃ�ƶŤƟźĭ����ƾƴǀŗŚƳ�ƽƺƬƗ�Żř�ÎÐÔÏ����ƢºƟř����ƵŵŻřƺºƷ�ƽŚºƷ�űźºſ�ĬºƳŹ����ƥŚºų

ƾưƿŶƣ��ƶƧ�ŵŚƿŻ�ƁźŤƀĭ�ŶƳŹřŵſƺǀěŚƳ�ƽŚƷŻźƯ�ƵŶƴƷŵ�ƱŚƄƳº�ƶŤƸƯºƮ�ŶƳř 

�� Lasemi, 1995; Emery & Myers, 1996; Bhattacharyya & 

Chakraborty, 2000; Miall, 2000). 
ųŹºººººººƀºººººƵŹŚ�ǀŰƯ�ƹ�ŚººººƷºººƐºººººº�ƽŚƸſŹººŝƺººººººſŚƯ�ƾººººººººƶ�ƴſºººººº�Ĭ
ƧººţŹřƺººƿżººººƿǇŚŝ�ŢººººººƾƧ�Śººŝ�ºººƿżţŹřƺººººŢ�Hawke BayƤƐƴƯ�ºººººº�ƶ
ěōººººƁǇŚ�James,  1981)�&   ��(Palmer, 1981; Debrenne��ƹ
ƧººţŹřƺººƿżººººŢ�ZabriskieƧ�ºǀƳźƠǀƫŚººººŚ�Cooper, 2001)�(Fedo &�

ƀººưƷº�ƱŚřŢººſ��ƐſººººŮŤƄººƸƳ�Ʋººƿř�ƾƿǇŚººŝ�ººƶ�ŤſƺǀěŚƳ�ŚººƷºººº�ƾĮǀůŚƳººººƶ�ƽř 

(Prave, 1992; Keller  et al., 2003 )�ƹ��ƾƳŚºǀƯ�ƹ�ƲǀƄºǀě�ƲƿźŞƯŚƧ�ŻźƯ��
(e. g., Palmer, 1981; Keller et al., 2003)Ţſř���ŤƄƸƳººƶ����ƮºƷ�ƽŚºƷ

ůřƹ�ŻŹřºººººŶ�ţŹřƺƧººººº�ƄººƧ�Źŵ�ƾƿǇŚººŝ�ŢƿżººººǀƧźţ�ƽŚƷŹƺºººº�ƶ�ŤƃƺƳºººº�ƶ
ººƄººŤƴƯºººƳ�źºƄººº�ƵŶƣōººººŤĩŵ�ƽŚººººººººƄººưū�źǀººŶŴŤƟř�ºººººƳŹŚºŵřĦ���ƗºưººººƱŚ�

(Millson et al., 1996)���ºǀģ�ƩŚưƃºƲ�(Meng et al., 1997)�ºƴū���śƺ
ººŤųŚºŝ�ŚºººěƹŹř�ƽźº�(Alvaro et al., 2000)�ū�ºƴººººśƺ�ſřººŤººǀƫřźººººººŚ�

Gangloff, 1988)�(Rowland &�ƹ�ƯřººƨƿźºººƽŚ�ƃºººƫŚưººººƾ���
(Palmer, 1981; Debrenne & Jams, 1981; Keller et al., 
2003) 

Śŝ�ƾĮŤſƺǀěŚƳ�ƮƷ�Ŝǀƃ��ƶŤƄƸƳ�Żř������ƾƯ�řŶū�ŵƺų�ƾƿƹŹ�ƽŚƷ��ŶƳƺƃ�����ŻźƯ��Ʋƿř�źŝŚƴŝ
��������������ƽƺºƣ�ƱŚưĭ�ƶŝ�ƹ�ŵŹřŵ�ƾƳŚƸū�ƁŻŹř�ƾƿǇŚŝ�ŢƿżţŹřƺƧ�Ŷůřƹ�ƽƹŹ�ƶŤſƺǀěŚƳ

�ŻźººƯ�ƾƳŚººǀƯ�ƹ�ƲǀƄººǀě�ƲƿźŞƯŚººƧ�Ţººſř�Ʊřźººƿř�Źŵ��ƲǀººƯř�ƹ�ƾưººſǇ���ƾƫƺººſŹ
a,bÎÐÕÎ�ƹ�ÎÐÕÏ����
��

ƀųŹƵŹŚ�ƾƴǀƿŚě�ƂŴŝ�ƽŚƷ�ǈǀƯ�ŶƳŻŚſ���
�ƂººŴŝÎ�ǈǀººƯ�ŶƳŻŚººſ�(Stocklin et al., 1964)ţŚººƴŝźƧ�ƽŚƸĮƴººſ�Żř�ƾ�

��Ţſř�ƵŶƃ�ƶŤųŚſ��������ƲǀºƯŻ�Żř�ƽŹŚưºƃ�ŹƹŚŝ�ƶŝ���������ĢǀºƷ�ƂºŴŝ�Ʋºƿř�ƱŚºſŚƴƃ���ƶºƳƺĭ
����Ţºſř�ƶŤºſƺǀě�ƾƿǇŚŝ�ŢƿżţŹřƺƧ�Ŷůřƹ�Śŝ�Ʊō�ŻźƯ�ƹ�ŵŹřŶƳ�ƾŤƀƿŻ�ƱŚĭŶƳŚƯŻŚŝ

�ƽƺƬƗ��ƶƳƺưƳ�ƽřźŝ���ƾƴǀŗŚƳÎÐÔÏ��ƽŶưů��ÎÐÔÑ��ƾţŚŞƳŚƣō��ÎÐÕÐ�����
ƵŹŚƀººųŹ�ƾººſŹźŝ�ƐǀŰƯ�ƹ�ŚººƷ�ƾŝƺººſŹ�ƽŚººƸ����ƾưººſǇ��ƶººƳƺưƳ�ƽřźººŝÎÐÔÖ��

1995���ƲǀƯř�����ƾƫƺſŹÎÐÔÕ�������ƾƫƺſŹ�ƲǀƯř�ƹ�ƾưſǇ��ÎÐÔÕ�����Ţſř�Ƶŵřŵ�ƱŚƄƳ�
������ƂŴŝ�Ʋƿř�Źŵ�ƶƧ����źºŝ�ƱƹżƟ�����ŻźºƯ�Ʊŵƺºŝ�ƶŤºſƺǀěŚƳ��������ŢºƿżţŹřƺƧ�ƹ�ǈǀºƯ�ŶƳŻŚºſ

���ƾƿǇŚŝ�����źţ��Ɓƹ�ƶºƫǇ�ƾŤƀƿŻ�ƱŚĭŶƳŚƯŻŚŝƿ�ŢºǀŝƺƬ���Ƴō�Ŷºǀŗƺƨ��ŢºǀƫƺǀŝƹźƨǀƯ�ƹ�
�ŢǀƫƺŞƯƹźţ�ƹ�ŢǀƫƺţŚƯƹźŤſř��ƱřƹřźƟ ř�ŶƳ��ƪƨƃa-fÒ�����

���ƶǀůŚƳ�Źŵ����Żř�žě�ŵřŻźǀưƸƃÏ��Żř�źŤƯ�����ƂŴŝ�ŻŚƛō�Î����ǈǀºƯ�ŶƳŻŚºſ�����ƪƨºƃaÓ���
�������ĬƴƀƬĭ�ƶŝ�ǇŚŝ�ƽƺſ�ƶŝ�ŹřŵżţŹřƺƧ�ƾƨƷō�ĬƴƀƬĭ�ƾƨƷō����ƹ�żţŹřƺºƧ�ƱƹŶŝ��
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��ƦƷōƬǀƃƾ�������ƾºƯ�źºǀǀƜţ�ĬºƳŹ�Ƶźǀţ����ŶºƴƧ�����žĜºſÏ������ƭźƷƺºǀŝ�ƹ�ƭƹźŤºſƺǀŝ�ƢºƟř��
������ƂŴŝ�ŻźƯ�ƦƿŵżƳ�Źŵ��ƾŤǀƫƺŞƯƹźţÎ��������ƾƿǇŚŝ�ŢƿżţŹřƺƧ�Ŷůřƹ�Śŝ�ǈǀƯ�ŶƳŻŚſ�

ƵŶƿŵ�ƾƯ���ŵƺƃ�����ƪƨƃbÓ��������ƾŤǀƫƺŞƯƹźţ�ƭƹźŤſƺǀŝ�ƢƟř�ƽřźŞŤſÏÍ�����źºŤƯ�ƾŤƳŚºſ
������ǀſŶƗ�ƶƳƺĭ�ƶŝ�ŚƸŤǀƫƺŞƯƹźţ�Ʊō�Źŵ�ƹ�ŢſřƾŤƳŚſ�Ŷƴģ�ƽŚƸ����ŶºƳŹřŵ�ƽŚºū�ƽźºŤƯ�

���ƪƨƃcÓ����ǇŚŝ�ŮƐſ����Ţſř�ŹřƺưƷ�ƢƟř�Ʋƿř�ƽ��ŤǀƫƺŞƯƹźţŚƸ���ºƟř�Źŵ���ƾƯźƷƺºǀŝ�Ƣ
ǀſŶƗ�ƶƳƺĭ�ƶŝ�ƵŶǀŞƀģ�ƽŚƸ��ƪƨƃdÓ� ��ƮºƷ�Żř�řŶū�ƹ���ƪƨºƃe,fÓ���ŶƴŤƀºƷ��

�ŤǀƫƺŞƯƹźţ�Ʋƿř�ƵŻřŶƳřƾŤƳŚſ�Ŷƴģ�Żř�ŚƸ�ƾƯ�źǀǀƜţ�źŤƯ�Śţ�źŤƯ�ŶƴƧ��ƶŤƄƸƳ��ƹ�źƿŻ�ƽŚƷ
�ŤǀƫƺŞƯƹźţ�Ʋǀŝ��ŚƸƨƷō��ƽŚƸƬǀƃƾ�Ƶźǀţ��ĬƳŹ�ƾŤſǈƧƺǀŝ�ƱƺŤƀƧƹ�Śţ�ƱƺŤſŶƯ�ƹ��
ŢººǀŝƺƬƿźţ��Źřŵ��ƪƨººƃg,hÓ��ŶººƴŝźưƧ�ƶººŝ�ƶŤƀººŝřƹ�ŻŚººŝ�ƽŚººƿŹŵŤƀººƷ�Ŷƴ���ƢººƟř

ƺŞƯƹźţ������ƱƺŤƀƴƿźĭ�ƵŹŚƀųŹ�Śŝ�ƾƯźƷƺǀŝ�Ţǀƫŗřƿƺ�ƽŶºǀ�����ƪƨºƃeÒ������ƶºŝ�ƶŤƀºŝřƹ
Ţſř�ƵŶƃ�ƵŶǀƃƺě�ƽŶſ�ŶƴŝźưƧ���

ŤǀƫƺŞƯƹźţººŝ�ŚººƸƶ���ƽŵƺŝŚººƳ�Żř�žººě�ƹ�ŚººƷŚƿŹŵ�ƽƹźƄººǀě�ŻŚººƛō�Źŵ�ƩƺººưƘƯ�ŹƺººƏ
ƀºººƿŻºº�ƾŤƸūººƳŚºººººƾ��Mass extinction�ě�ººƿŶºººººƾºººƯ�ŹřŶ�ƃººƳƺºººººŶ�

Walker, 1997)��	�(Brett, 1995; Glumac ��ŤǀƫƺŞƯƹźţ���ƂºŴŝ�ƽŚºƸÎ�
�ǈǀƯ�ŶƳŻŚſ�żǀƳ��������ŚºƿŹŵ�ƽƹźƄºǀě�ŻŚºƛō�Źŵ�ƽ����ƾƳŚºǀƯ�ƲƿźŞƯŚºƧ��������ƽŵƺŝŚºƳ�Żř�žºě�

ƾŤƀƿŻ�ƲǀƳƺǀţ�ƭŚŬƳřźſ�(Alvaro et al., 1999)�ƵŶƃ�ŹřŶƿŶě���ŶƳř���ƾưſǇ
ÎÐÔÖ���������ƳƹźƄǀě�ƾƫřƺţ�ƱŶƯō�ŶƿŶě�ƶŝ�ƽƹźƄǀě�Ʋƿř�����ƾƿǇŚŝ�Śţ�ƾƳŚǀƯ�ƲƿźŞƯŚƧ�ƵŶ

�ƄººŴŝ�ƽŚƸÎ�Śººţ�Ð�ſºººººǈǀººƯ�ŶƳŻŚ��ŬƳřºººººſř�ƵŶǀƯŚººººŢ��ƿřźŝŚƴŝºººº�Ŷººůřƹ�Ʋ
�ƾƿǇŚŝ�ŢƿżţŹřƺƧ�ƾŝ����Ŷƿŵźţ�������ƹ�ŵŹřŶºƳ�ƽŚºū�ǈǀºƯ�ŶƳŻŚſ�ƵŶƳƹźƄǀě�ƾƫřƺţ�Źŵ�

ƾưƳ�ƿŚě�ŢƿżţŹřƺƧ�ŶƳřƺţƶŶƃŚŝ�Ʊō�����
ƯźƷƺǀŝ��ƽŚƸƹźƨǀƯŝǀŤǀƫƺ��������ƱƺºƫǇ�ŶƳŻŚºſ�ƾƬǀºƃ�Ŷůřƹ�ƾ��ƲǀºƯř���ƾƫƺºſŹ�ÎÐÔÕ��
ƾưſǇ��ƲǀƯřƹ���Źſ�ƾƫƺ�ÎÐÔÖ���ƹ�a,bÎÐÕÎ��æèíçŻ�ƹ�ęŚģ�źƿ�����Śºƨǀƫř�ŶƳŻŚºſ�

�ŻźºººŞƫř�Źŵ���ƾŞºººſŚưƸƏÎÐÔÓ���ŽźºººĭřŻ�Źŵ�ƱŚºººĮƴƧ�ŶƳŻŚºººſ���ƹ�ƾưºººſǇ
��ƱřŹŚƨưƷÎÐÔÔ����ƶºƤƐƴƯ�ƹElat��Soudry & Weissbrod, 1995���żºǀƳ��

��ŤǀƫƺŞƯƹźţ�Śŝ�ƱŚƀưƷƽŚƸ�ƽǇŚŝ�������������ƾƳŚºǀƯ�ƹ�ƲƿźºƿŻ�ƲƿźŞƯŚºƧ�ŻźºƯ������ŻźºƯ�Żř�žºě
ƵŶƯō�ŶƿŶě�ŚƿŹŵ�ƽƹźƄǀě�ŻŚƛō�Źŵ�ƶŤſƺǀěŚƳ�ŶƳř���

 

ƶŬǀŤƳ�źǀĭƽ��
ƄƸƳººººƶŤ�������������ºſŚƯ�Śºŝ�ƾƿǇŚºŝ�ŢºƿżţŹřƺƧ�Ŷºůřƹ�ƽŚºƷºƶ���Ĭƴºſ�����ƽŚºƷ��ƾŤƿżţŹřƺºƧ

Hawke Bayƹ�ƁǇŚººěō�ƶººƤƐƴƯ��ZabriskieŚººǀƳźƠǀƫŚƧ��Źŵ�ƹ�ŶººƳŻŹř�ƮººƷ�
�ƃ�ƶŤƄƸƳ�ƾƳŚƀƨƿ�ƾŝƺſŹ�ƎǀŰƯŶƵ�ŶƳř����ƶŤƄºƸƳ�Ʋºƿř�ƾƿǇŚŝ�ŻźƯ����ƾĮŤºſƺǀěŚƳ�ŚºƷ

��ƿźſ�Ʋǀŝ�ƮƸƯ��ƽŚƸ��ƲƿźŞƯŚƧŻƿź�����Ţºſř�ƾƳŚºǀƯ�ƹ�Ʋƿ���Śºƴŝ��źºŝ��ºƿřº����ŻźºƯ�Ʋ��ƲƿźŞƯŚºƧ
Żƿź��ƾƳŚǀƯ�ƹ�Ʋƿ��������ƂºŴŝ�Ʋǀŝ�ŻźƯ�Ʊřźƿř�Źŵ�Î����������ŢºƿżţŹřƺƧ�Ŷºůřƹ�ƹ�ǈǀºƯ�ŶƳŻŚºſ�

Ţſř�ƱƺƫǇ�ŶƳŻŚſ�ƾƿǇŚŝ� 

ƾĮŤſƺǀěŚƳ��ƽƹŹ�ƾƳŚƸū�����ƾƿǇŚºŝ�ŢƿżţŹřƺƧ�Ŷůřƹ����ºƴĤưƷ�ƹǀ��Ʋ�����ƢºƟř�ƹŵ�Ʊŵƺºŝ
������ŻźƯ�ƦƿŵżƳ�Źŵ��ƾŤǀƫƺŞƯƹźţ�ƭźƷƺǀŝ�ƹ�ƭƹźŤſƺǀŝ�Śě�ǀƿƾƴ���ƂŴŝ�Î�����ǈǀºƯ�ŶƳŻŚſ�

ƱŚƄƳ���������ƶŤƄºƸƳ�ŻŚºƛō�Źŵ�ŚºƿŹŵ�ƽƹźƄǀě�ƵŶƴƷŵ��ºĭ���Ţºſř�ǈǀºƯ�ŶƳŻŚºſ�ƽŹřŸ����Ʋºƿř

�����������ƾƿǇŚŝ�Śţ�ƾƳŚǀƯ�ƲƿźŞƯŚƧ�ƵŶƳƹźƄǀě�ƾƫřƺţ�ƱŶƯō�ŶƿŶě�ƶŝ�ƽƹźƄǀě�ƂŴŝ���ƽŚƷ
Î�Śººţ�ÐǈǀººƯ�ŶƳŻŚººſ���Ţººſř�ƵŶººǀƯŚŬƳř��Śººƴŝ�řźººŝƿ�ƲººƿǇŚŝ�ŢººƿżţŹřƺƧ�Ŷººůřƹº�ƾ

ƿŚě�ŢƿżţŹřƺƧƶ�ǈǀƯ�ŶƳŻŚſ�ƳǀŢƀ���
ƯźƷƺǀŝ��ƽŚƸŤǀƫƺŞƯƹźţƾ��ºŝ�ƶ�����������������Żř�žºě�ƹ�ŚºƿŹŵ�ƽƹźƄºǀě�ŻŚºƛō�Źŵ�ƩƺºưƘƯ�ŹƺºƏ
ƺŝŚƳ��ƽŵ��ƾŤƀƿŻ��ƾºƯ�ŹřŶºƿŶě�ƾƳŚƸū��ŶƳƺºƃ��ƯźƷƺǀŝ�ƽŚºƸ�ƹźƨǀƯŝ�ºǀŤǀƫƺ��Ŷºůřƹ�ƾ

�������������ŻŚƛōźºſ�ƾŤƀºƿŻ�ƽŵƺŝŚƳ�Żř�žě��ŚƿŹŵ�ƽƹźƄǀě�ƭŚĮƴƷ�Źŵ�ƱƺƫǇ�ŶƳŻŚſ�ƾƬǀƃ
��ƵŶƯō�ŶƿŶě��ƲǀƳƺǀţ���ŶºƳř��ŤǀƫƺŞƯƹźţ�����ƂºŴŝ�ƽŚºƸÎ����ǈǀºƯ�ŶƳŻŚºſ����żºǀƳ����ŻŚºƛō�Źŵ�

�ŚƿŹŵ�ƽƹźƄǀěƽ��ƾƳŚǀƯ�ƲƿźŞƯŚƧ�������ƽŵƺŝŚƳ�Żř�žě�ƾŤƀƿŻ������źºŝ��ƲǀƳƺºǀţ�ƭŚŬƳřźºſ�
ƾƿǇŚŝ�ŢƿżţŹřƺƧ�Ŷůřƹ�ƶŤſƺǀěŚƳ�ŻźƯ�ƽƹŹƵŶƃ�ŹřŶƿŶě��ŶƳř����

Ŷůřƹ����ƾƬǀƃ��ƱƺƫǇ�ŶƳŻŚſ����Ŷůřƹ�ƾƄƿŚſźƟ�ƾĮŤſƺǀěŚƳ�Śŝ��ƶſŚƯ���Ĭƴſ����řŹ�ƾƴǀƿŚºě�
ƾƯ���ŝ�ƹ�ŶƳŚƃƺěƶ��������������ƾºƯ�źºǀǀƜţ�ƾƿǇŚºŝ�ŢºƿżţŹřƺƧ�Ŷºůřƹ�ƶºŝ�ŪƿŹŶºţ����Ƨ�Ŷºƴ����Ʊŵƺºŝ

�������ƾƯ�ƱŚƄƳ�ƾƬǀƃ�Ŷůřƹ�ƾƴǀƿŚě�ƂŴŝ�Źŵ�ƾĮŤſƺǀěŚƳ������ƽŚƷŶůřƹ�ƶƧ�ŶƷŵ�ƹ�ƾƬǀƃ�
řƺƧ�ƾƿǇŚººŝ�ŢººƿżţŹ��ƹ�ŶººƳźƿŸěŚƳ�ƂººŴŝ�ƱƺººƫǇ�ŶƳŻŚººſ�ƾƿǇŚººŝ�ŢººƿżţŹřƺƧ
ƾưƳ�ƶƴǀģ�Ŷůřƹ�ŶƳřƺţ�ƶƳŚĭřŶū�ƾŤųŚƴƃ��ŶƃŚŝ�ƽř���
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�ƪĪƃÐ��(a�Ĭƴſ�ƶſŚƯ�ƶƿǇ�Żř�ĨƿŵżƳ�ƽŚưƳ�ƵƺƬƣ�Źřŵ��žƨƗ�ƾƳŚǀƯ�ƂŴŝ���ƾƴǀƿŚě�Ĭƴſ�ƶſŚƯ�ƽŚƷŶůřƹ�ŻźƯ�Źŵ (SS)ƾƬǀƃ�ƹ(Sh) �ƱƺƫǇ�ŶƳŻŚſ���
ƶƿƺţ�ƶǀůŚƳ�Źŵ���ŹřƹŹŵ��(bĮŤƠƃō��Ĭƴſ�ƶſŚƯ�ƶƿǇ�ƽƹŹ�Źŵ�ƾŤƀƿŻ�ƾƵƺƬƣ�Źřŵ��(c��ƾƯźƷƺǀŝ�ƢƟř�ƹŵ�Żř�Źƹŵ�ƽŚưƳ�(Bi)Ŷůřƹ���

ƶƿƺţ�ƶǀůŚƳ�Źŵ�ƱƺƫǇ�ŶƳŻŚſ�ƾƬǀƃó�ŹřƹŹŵ� (d ƯźƷƺǀŝ�ƱƺƫǇ�ŶƳŻŚſ�ƾƬǀƃ�Ŷůřƹ�ƮƷ�ƶŝ�ƵŶǀŞƀģ�ƽŚƸ���
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ƃº�ƪĪÑ��a�Śƴţ�Żř�ƾƿŚưƳ��ƪǀƃ�ƹ�Ĭƴſ�ƶſŚƯ�śƹ�ƾŬƿŹŶţ�ƂŴŝ�(T) ůřƹ�ƹ�º�ƾƿǇŚŝ�ŢƿżţŹřƺĩ�Ŷ(TQ)ƶƿƺţ�ƶǀůŚƳ�Źŵ�ƱƺƫǇ�ŶƳŻŚſ�����ŹřƹŹŵ���
b�ƹ:c�ƵŵŻřƺƷ�Ĭƴſ�ƶſŚƯ�ƢƟř�űźſĬƳŹ���ƾưƿŶƣ�ħŚų (Pa)ůřƹ�ŻźƯ�ŹŵºƾƿǇŚŝ�ŢƿżţŹřƺĩ�Ŷ(TQ) Ŵŝ�ƹ�º�ƂÎƳŻŚſ�ºº�ǈǀƯ�Ŷ (M1)Źŵ��

ůřƺƳºƾ�ƶƿƺţ����ŹřƹŹŵ(b)�ŵřŻźǀưƸƃ�ƹ�(c)�d ��ƹ:eƾƿǇŚŝ�ŢƿżţŹřƺƧ�Ŷůřƹ�ƂŴŝ�ƲƿźţǇŚŝ�ƵŵŻřƺƷ�ƢƟř�Żř�ƾěƺƨſƹźƨǀƯ�žƨƗ��Źŵ�ƶƧ��
ƶƳřŵ�Ʊō��ŶƳř�ƵŶƃ�ƲǀƄƳŚū�ƲƷō�ŶǀƀƧř�ƹ�ŢǀƯƺƫƹŵ�Śŝ�żţŹřƺƧ�ƽŚƷ��d��ƹ�ƵżƿŹǈě�ŹƺƳ�Źŵ��e�ƾƘǀŞƏ�ŹƺƳ�Źŵ���:f�ƾưƿŶƣ�ħŚų�ƢƟř� (Pa)��
�������������������������������ƾƿǇŚŝ�ŢƿżţŹřƺĩ�Ŷůřƹ�ŻźƯ�Źŵ(TQ) ��ƂŴŝ�ƹÎ�ǈǀƯ�ŶƳŻŚſ� (M1)�źǀƃ�ŜŬƗ�ƶǀůŚƳ�Źŵ���ŹŚĮŤſřŹ�Żř�žƨƗÎÐÔÖ����
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�ƪĪƃê��a��ƿƺĪƳř�Żř�žĪƗ��ƂŴŝ�ƽŚƷŶǀæƾŤſŵ�ƶƳƺưƳ�Źŵ�ǈǀƯ�ŶƳŻŚſ���bƹ� :c ƗƶŤƄƸƳ�Żř�ƾěƺĪſƹźĪǀƯ�žĪ�Ƴř�ƽŚƷŹřŵ�ŶǀƿƺĪ��ƿƺĪƳř�ƶŤƀƷ�Ɓƹ�ƶƫǇ�řŹ�ŚƷŶǀ(b)���
ƹ �ŢǀŝƺƬƿźţ(c)ŶƳř�ƶŤųŚſ��:d ƿƺŗř�ƾƳƺŤƀƴƿźĭ�ƵŹŚƀųŹ��ƽŶǀ(oo)�Ɓƹ�ƶƫǇ�(Ec)�ƾŤǀƯƺƫƹŵ�Źřŵ.�:eƿƺŗř�ƾƳƺŤƀƴƿźĭ�ƵŹŚƀųŹ��ƽŶǀ(oo)ƾţźģ����

ƶƳřŵ�ƱŶƃ�ƾƀǀƬǀſ�ƶŝ�żƳĥŚƿŵ�ŶƴƿřźƟ�Ţſř�ƵŶǀƯŚŬƳř�ƶƴǀƯŻ�ƹ�ŚƷ��:fǀĮŤƠƃō�ƶŤƄƸƳ�Źŵ�ƾŤƀƿŻ�ƽŚƸ�ƽŚƷ�ƂŴŝ�æǈǀƯ�ŶƳŻŚſ����
� �
� �
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�ƪĪƃë��a���ƾưƿŶƣ�ħŚų�ƢƟř(Pa)�ƾƿǇŚŝ�ŢƿżţŹřƺƧ�Ŷůřƹ�ŻźƯ�Źŵ� (TQ)��ƂŴŝ�ƹæ�ǈǀƯ�ŶƳŻŚſ� (M1)ƤƟř�ƵŚĮƿŚū�ƹƾƯźƷƺǀŝ�ƹ�ƾƯƹźŤſƺǀŝ�ƽŚƸ(Bi) ���ƂŴŝæ�
Źŵ�ǈǀƯ�ŶƳŻŚſŵřŻźǀưƸƃ�ƶǀůŚƳ���:b�ƽŚưƳ��ƶƿǇ�Żř�ĨƿŵżƳ��ƂŴŝ�ƾƯźƷƺǀŝ�ƹ�ƾƯƹźŤſƺǀŝ�ƽŚƸŤǀƫƺŞƯƹźţ�Ʋǀŝ�ƾƬǀƃ�ƦƷō�ħŻŚƳ�ƽŚƷæǈǀƯ�ŶƳŻŚſ����

c�ŤǀƫƺŞƯƹźţ��ƂŴŝ�ƾƯƹźŤſƺǀŝ�ƶƿǇ�ƵŶƳŻŚſ�ƽŚƸæǈǀƯ�ŶƳŻŚſ���:dƯźƷƺǀŝ�Żř�ĨƿŵżƳ�ƽŚưƳ��ƵŶǀŞƀģ�ƮƷ�ƶŝ�ƽŚƸ(Bi)�ƂŴŝ�æǈǀƯ�ŶƳŻŚſ����
:eƸƯźƷƺǀŝ�Żř�ĨƿŵżƳ�ƽŚưƳ�ƮƷ�Żř�řŶū�ƽŚ �ƂŴŝ�ŹŵæǈǀƯ�ŶƳŻŚſ���:fƶŤŴƫ�ƽŚƸĪƿźŝŚƟ��ƯźƷƺǀŝ�ƽřŚƸ� g �ƹh�ƾěƺƨſƹźƨǀƯ�žƨƗ���

Źŵ��ƵżƿŹǈě�ŹƺƳ (g)�ƾƘǀŞƏ�ƹ(h)ƤƟř�Ʋǀŝ�ĬƳŹ�Ƶźǀţ�ƾƬǀƃ�ƽŚƸƨƷō�ƵŹŚƀųŹ�Żř��ƂŴŝ�ƾƯźƷƺǀŝ�ƹ�ƭƹźŤſƺǀŝ�ƽŚƸæǈǀƯ�ŶƳŻŚſ���
Źŵ�ŵřŻźǀưƸƃ�ƶǀůŚƳ���ŢǀƯƺƫƹŵ�ƶƴǀƯŻ�Źŵ�ŢǀŝƺƬƿźţ�ŢƀƬƧƺǀŝ�ƪƨƃ�ŹŵƾƯ�ƵŶƿŵ�ŵƺƃ���
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ƽŹŚĮƴŝŚŤƧ��
ƾţŚŞƳŚƣōƕ�����ÎÐÕÐ���ƲǀƯŻ��Ʊřźƿř�ƾſŚƴƃ��ƱŚƯŻŚſ�ƲǀƯŻ��ƾſŚƴƃ�ƾƳŶƘƯ�šŚƟŚƄŤƧř�ƹ��ŹƺƄƧ�ÒÕÓ�@ÓÎÖ�>ƶŰƠƇ����
ƲǀƯř��ƾƫƺſŹ�Ƶ������ÎÐÔÕ���ƾſŹźŝ��ƨǀƯ�ƀǀſŚƟƹźƽŚƸƐǀŰƯ��ŚƸ�ƾŝƺſŹ��ƶƴǀģƹ��ƾſŚƴƃ�ƽŚƸǀƫřƺţ��ƽŚƷŶůřƹ��ƾƬǀƃ���ƹ�ŢƿżţŹřƺƧ�ǇŚŝ�ƿƾ�ƱƺƫǇ�ŶƳŻŚſ��ƺƌƗƹ�ƽŚƷ�ÎƹÏ�ŶƳŻŚſ�

ƾƣźƃ�ŻźŞƫř�Źŵ�ǈǀƯ���ƱŚƿŚě�ƶƯŚƳ�ƾſŚƴƃŹŚƧ���ƵŚĮƄƳřŵ��ŶƃŹř�Ţǀŝźţ��ƮƬƘƯ����ÎÔÕƶŰƠƇ�����
ś��ƽŶưů���ÎÐÔÑ����Ĭƴſ�ƽŚƷ�ƲƿźŞƯŚƧźě�ƾŝƺſŹ���º�ƲƿźŞƯŚƧ�Źŵ��Ʊřźƿř�����ƱŚƯŻŚſ�ƲǀƯŻ��ƾſŚƴƃ���ƲǀƯŻ�śŚŤƧ�ƲƿƹŶţ�ŭźƏ��ŹƺƄƧ�ƾſŚƴƃ��ƵŹŚưƃ��Ʊřźƿř�ÏÍ��ÐÒÐƶŰƠƇ��  

ĮŤſřŹƩ� �ŹŚ�� �ÎÐÔÖ��ƾſŹźŝ��ƀǀſŚƟƹźƨǀƯ�ƎǀŰƯ� �ŚƸ�ƾŝƺſŹ��ƶƴǀģƹ���ƾƀƳŚƨſ� ƽŹŚĮƳ�ǀƯ� ŶƳŻŚſ� ƱŚŬƿŚŝŹŷō� �ƾŝźƛ� ŻźŞƫř� Źŵ� ǈƾƣźƃ��źǀƃ� ŜŬƗ� ��ƱŚƿŚě�ƶƯŚƳ��
ƾſŚƴƃŹŚƧ�ƵŚĮƄƳřŵ��ŶƃŹř�Ţǀŝźţ��ƮƬƘƯ����ÖÐƶŰƠƇ����
ƕ� �ƾŞſŚưƸƏ� �æèìë�� �ƾſŹźŝ�ƀǀſŚƟƹźƨǀƯ�ƽŚƸƐǀŰƯ� �ŚƸ�ƾŝƺſŹ��ƶƴǀģƹ��ƾſŚƴƃ�ƫřƺţ�ǀŚƸƽ��ƄŴŝƽŚƸ���ƾƳŚǀƯ� ƹ�ƲƿźƿŻ�ŶƳŻŚſ� Śƨǀƫř� ŹŵŹƹŚų��ŻźŞƫřƽżƧźƯ�� �ƱŚƿŚě�ƶƯŚƳ��

ƾſŚƴƃŹŚƧ��ƵŚĮƄƳřŵ��ŶƃŹř�Ţǀŝźţ��ƮƬƘƯ����ÎÏÐƶŰƠƇ�����
ƭ��ƾƴǀŗŚƳ�ƽƺƬƗ����ÎÐÔÏ���ǀģ�ƶƴ�ƹŻƺŘƫŚě�ƾſŚƴƃƿƦǀ�Ʊřźƿř��ƱŚƯŻŚſ��ƲǀƯŻ��ƾſŚƴƃ�ƲǀƯŻ�śŚŤƧ�ƲƿƹŶţ�ŭźƏ��ŹƺƄƧ��ƾſŚƴƃ��ƵŹŚưƃ��Ʊřźƿř�Ò��éîçƶŰƠƇ�����

ƾưſǇ�ƽ� ���� �ÎÐÔÕ���ƪǀƨƄţ�žǀŤţƺŘƫŚěƺţƹźě��ƶǀƃŚů� ƹ��ƽřźĭřƹ��ƲƿźŞƯŚƧźě� źųřƹř��Śŝ�ƾŗǇ�ƲǀƀƿƹƹŵŹř� Śţ��ƩŚưƃ� Źŵ���ŹƹŚų�ŚƳřƹŶƴĭ� �ƶƇǈų�šǇŚƤƯ��ƲǀưƷŶŬǀƷ���
ŚưƷŵźĭƾƿ�ƭƺƬƗ��ƲǀƯŻ��ƶŰƠƇ����ÖÏ���ÕÕ����

ƾưſǇ�ƽ������ÎÐÔÖ��ƷŹŚƀųŹƸƐǀŰƯ��ŚƽŚƸ�ƾŝƺſŹ��ƹ�ƶƴǀģ��ƽŹŚĮƳ�ƾƀƳŚƨſ��ƄƸƳ�ƶŤ�Įƴſ�ƸƽŚ�ƲƿźŞƯŚƧźě��ƾŗǇŚŝ��ƹ��ƹŻƺŘƫŚěƿƦǀ�Ʊřźƿř��ƱŚƯŻŚſ��ƲǀƯŻ��ƾſŚƴƃ�šŚƟŚƄŤƧř�ƹ�
�ƾƳŶƘƯ�ŹƺƄƧ��ƵŹŚưƃ�ÔÕ��ÎÕÍƶŰƠƇ�����

ƾưſǇ�ƽ������ƲǀƯř�ƹ�ƾƫƺſŹ�Ƶ������ÎÐÔÕ�ƾſŹźŝ��ƀǀſŚƟƹźƨǀƯ�ƽŚƸƐǀŰƯ��ŚƸ�ƾŝƺſŹ��ƹ��ƶƴǀģ�ƾſŚƴƃ��ǀƫřƺţ�ƸƽŚ�ƽŚƷŶůřƹ���ƾƬǀƃ�ŢƿżţŹřƺƧƹ��ƾŗǇŚŝ��ŶƳŻŚſ�ƱƺƫǇ����ƶƇǈų��
šǇŚƤƯ�ƲǀƯƺſ��ƂƿŚưƷ��ƲưŬƳř��ƲǀƯŻ��ƾſŚƴƃ�Ʊřźƿř��ƶŰƠƇ���ÒÒÓ�ÒÒÐ���

ƾưſǇ�ƽ������ƲǀƯř�ƹ�ƾƫƺſŹ�Ƶ������ÎÐÔÖ��ƷŹŚƀųŹƽŚƸ�ţŚƴŝźƧ�ƾ�ƽŚƿŹŵ��ƮƧ��ŚƟŹĥ��ƾƬǀƃ�Ŷůřƹ�Źŵ��ƱƺƫǇ�ŶƳŻŚſ���ƶŤƟŚƿ�ƽŚƷ�ƶƤƐƴƯŹŵ�ƺƳ��ƶƿƺţ���ºƽŹƹŚų�ŻźŞƫř�źŤųŚŝ��ŹřƹŹŵ����
ƶƇǈų�šǇŚƤƯ��Ƴ�ƲǀưƷŵŻƺ�ƾŗŚưƷŵźĭ��ƭƺƬƗ��ƲǀƯŻ�����

ƾưſǇ�ƽ�����ƲǀƯř�ƹ��ƾƫƺſŹ�Ƶ������aÎÐÕÎ��ƱƺƫǇ�ŶƳŻŚſ�ƾƿǇŚŝ�ŢƿżţŹřƺƧ�ƽǇŚŝ�Źŵ�ƾƄƿŚſźƟ�ƾĮŤſƺǀěŚƳ���ƾƴǀƿŚě�ŢƿżţŹřƺƧ�Ŷůřƹ�ƾƿǇŚŝ�ŢƿżţŹřƺƧ�ƶƨƴƿř�źŝ�ƾƷřƺĭ
ǈǀƯ�ŶƳŻŚſ�ŢƀǀƳ��ƶƗƺưŬƯ�šǇŚƤƯ��Ʋǀưƨƿ�ƹ�Ţƀǀŝ��ƾŗŚưƷŵźĭ��ƭƺƬƗ���ƲǀƯŻ��ƶŰƠƇ��ÏÐÔ����

ƾưſǇ�ƽ���� �ƲǀƯř�ƹ��ƾƫƺſŹ�Ƶ������bÎÐÕÎ��ƶƴǀģ��Įƴſ�ƾƀƳŚƨſ�ƽŹŚĮƳƽŚƸŚţ�ƲƿźŞƯŚƧźě�ƭŚŬƳřźſ� ř�ƾƳŚǀƯ�ƲǀƀƿƹƹŵŹ�ƥŚſ�ƶųźģ�źŝř�ŻźŞƫř�ƽŚƸƷƺƧ�Źŵ�� �ƶƗƺưŬƯ��
šǇŚƤƯ�Ʋǀưƨƿ�ƹ�Ţƀǀŝ��ƾŗŚưƷŵźĭ��ƭƺƬƗ��ƲǀƯŻ��ƶŰƠƇ����ÒÐÐ�� 

ƾưſǇ�ƽ������ƲǀƯř�ƹ�ƾƫƺſŹ�Ƶ����ÎÐÕÏ��ƾſŹźŝ��ƟƹźƨǀƯ�ƀǀſŚƽŚƸƐǀŰƯ��ŚƸ�ƾŝƺſŹ��ƹ��ƶƴǀģ�ƽŹŚĮƳ�ƾƀƳŚƨſ��Ŷůřƹ�ƷƽŚ��ƾƬǀƃ�ƹ�ŢƿżţŹřƺƧ�ǇŚŝ�ƿƾ�ƱƺƫǇ�ŶƳŻŚſ���ŻźŞƫř�Źŵ�
ƽŹƹŚų���ƾưƬƗ�ƶƯŚƴƬƈƟ���ƾƄƷƹĦě��ƭƺƬƗ��ƲǀƯŻ���ƱŵŚƘƯ�ƹ�ƖƿŚƴƇ�šŹřŻƹ��ƱŚƯŻŚſ�ƲǀƯŻ��ƾſŚƴƃ���ŹƺƄƧ�ƾƳŶƘƯ�šŚƟŚƄŤƧř�ƹ���ƵŹŚưƃÑÕ�ÑÔ��ƶŰƠƇ��ÓÔ�ÑÕ���

ƾưſǇ�ƽ���� �ƲǀƯř�ƹ�Źƾƫƺſ�Ƶ���� ��ęŚģ�źƿŻ�� �ƷŹŚƀųŹƸƽŚ�ţŚƴŝźƧ�ƾ�ƽŚƿŹŵ��ƮƧ���ŚƟŹĥ�ƾƬǀƃ�Ŷůřƹ�Źŵ��ƱƺƫǇ�ŶƳŻŚſ��� �ƶŤƟŚƿ�ƽŚƷ�ƶƤƐƴƯŹŵ�ƺƳ��ƶƿƺţ������ŻźŞƫř�źŤųŚŝ� �ŹřƹŹŵ�
ƽŹƹŚų�ƾưƬƗ�ƶƯŚƴƬƈƟ���ƾƄƷƹĦě��ƭƺƬƗ��ƲǀƯŻ���ƱŵŚƘƯ�ƹ�ƖƿŚƴƇ�šŹřŻƹ��ƱŚƯŻŚſ�ƲǀƯŻ��ƾſŚƴƃ�ŹƺƄƧ�ƾƳŶƘƯ�šŚƟŚƄŤƧř�ƹ����

ƾưſǇ�ƽ������ƞƐƫ�ƭ��Źƺě���ƾŞſŚưƸƏ�ƹ�ƕ�����Ź���ÎÐÔÔ��ƾſŹźŝ��ƽŚƸƷŹŚƀųŹ��ƾŤǀƫƺŞƯƹźţ��Ʊřźƿř��ƵŚĭŶƿŵ�Żř��ě�ƽĥƺƫƺƧřƺŘƫŚ�ƶƴǀģƹ��ƾſŚƴƃ�ǀƫřƺţ�ŚƸ�ƶƇǈų��šǇŚƤƯ��ƲǀƯƹŵ���
ƂƿŚưƷ�ƲưŬƳř��ƲǀƯŻ��ƾſŚƴƃ�Ʊřźƿř��ƶŰƠƇ����ÑÍÔ��ÑÍÏ���
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