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Abstract 
Field and microscopic studies and geochemical analyses suggest that granitoid rocks may be subdivided into three�main 
groups. The  first group of granitoid rocks is  S-type syn-tectonic granitic gneiss sheets, the second group is I-type volcanic arc 
granite and granodiorite and the third group is S-type post-collision alkali-granite. 
The rocks of Soresat metamorphic complex are different kinds of schist. Andalusite, staurolite, garnet,sillimanite (fibrolite) 
are the  main  metamorphic  porphyroblasts  in these  rocks. The protolith  of Soresat  metamorphic  complex are a sequence 
including shale, siltstone and graywacke with carbonate, arkosic sandstone and pyroclastic intercalations. 
A prominent,regionally penetrative foliation(S2)is distinguished in studied area.S2 is  generally  parallel  to  meta-sedimentary 
bedding plane. Thin section studies reveal� two discrete deformational events. The first deformational event (D1) is preserved 
as straight  inclusion  trails in   Pre -S2 Post - S1 andalusite, staurolite porphyroblasts. The S2 is generated by the second 
deformational event.  The  retrograde  metamorphic  event follows the second deformational event. The  proposed  P-T-t  path 
shows a clock-wise path for Soresat metamorphic complex (Pmax=3.7 Kbar, Tmax=600ºC).  
 
Key words: Deformational events, porphyroblast, Trail inclusion, P-T-t curve, Tectonic setting of granite, Thermometry.  
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Ƶŵƺţ�Ʋƿř� ŵƺººŬƳŚſ�ƽŚŤſƹŹ�ƦƷō� ƵŹŚŝƹŵ� ŹƺƬŞţ�ŜūƺƯ� ŚƷ��ƶſŚţźºººƧ�ƽŚƷ
ƵŶƃ�ǇŚŝ�ŶƳř� �Ƶŵƺţ�Ʋƿř�ƽźººººǀĮƿŚū� �ƲƿřźŝŚƴŝ��Żř�Ƃǀě� ƹ� ƶſŚţźƧ� Żř�žě� ŚƷ

ŵřŵ�ƽƹŹ�ƲſƺĮǀƫřŢſř�Ƶ���ƽŚŤſřŹ�ƹ�Ŝǀƃ��ƾƿřźŰƇ�ƽŚƸŤƃřŵźŝ�ƶŝ�ƶūƺţ�Śŝ
ƶƿǇ�Ƶŵƺºţ�Ʋƿř�ƱƺƯřźǀě� �ƾƳƺĭźĭŵ�ƽŚƸĮƴſ�ƽŚƷ�Ƶŵƺţ�Ʋƿř� ƹ� ƵŶǀųźģ�ŚƷ��ŚƷ

�ŷƺƠƳ�šŚſŹƺſ�ƾƳƺĭźĭŵ�ƶƗƺưŬƯ�ƱƹŹŵ�ƶŝ�ƲƿŹŷō�ƽŚƷźǀěŚƿŵ�šŹƺƇ�ƶŝ
ƵŵźƧ�ŶƳř� ��ƽŚƸĮƴſ� Żř� ƾƳřƹřźƟ� ƽŚƸĮƴſ� ƶƳŚĮǀŝ� �Ƶƹźĭ� Ʋƿř� ƽŚƸĮƴſ� � Źŵ

Ǝſřƹ� Ŷºů� Śţ� ƦºƿŻŚŝƳƺĭźĭŵ� ƽŚƸĮƴſ� žƴū� Żř� ƱƺºƯřźǀě� Źŵ� ƹ��řŹ� ƾ
ƾƯ�Ŷƿŵ�Ʊřƺţ� �Ƹƨƿřŵ�ƲǀƴĤưƷƾƯ� řŹ�ƾƳřƹřźƟ�Ǝſřƹ�Ŷºů�Śţ�ƦºƿŻŚŝ�ƽŚ�ţ�Ʊřƺ

Ƶŵƺţ�Ʋƿř�Źŵ�ººǀƿƺŤǀƳřźĭ�ƽŚƷŢƟŚƿ�ƽŶ���
Żř��ƽř�ƶƳřŵ�ŢƟŚŝ�ƽřŹřŵ�Ƶƹźĭ�Ʋƿř�ƽŚƸĮƴſ��ƾěƺƨſƹźƨǀƯ�ƽŚƸǀĭĦººƿƹźºƔƳ

ŹřƺºƧ�ƪƯŚƃ�Ʊō�ƾººƬƇř�ƽŚºƸǀƳŚƧ�ƹ� Ƶŵƺŝ�ƽźººǀƟŹƺě� Śţ�Śŝ� ŻǈºƧƺºƿĥǈě� �żţ
��ƾƿŚǀƬƣ� ŹŚĜſŶƬƟ� �ƵŶƃ�ƽŶƴŝ� ƱƹŻ�ŻǈƧƺºƿĥǈě� Śƿ� ƹ�ƦǀŤŤƴſ�ƾƬě�ƾƿƺƬƣƹŵ

Ţſř�ŶƴƬŞƳŹƺƷ�ƹ�Ţǀţƺǀŝ���ƲƧźƿŻ��ŢǀţŚěō��ƲºƠſř�ƱƺĤưƷ�ƽźĮƿŵ�ƽŚºƸǀƳŚƧ
ƾƯ�ƵŶƿŵ�Ƶƹźĭ�Ʋƿř�ƽŚƸĮƴſ�Źŵ�żǀƳ�ŢºǀºŤƴĮƯ�ƹ�ŵƺƃ���

��
ƭƺººººſ�Ƶƹźĭ�ƽŶǀƿƺŤǀƳřźĭ�ƽŚƸººººººĮƴſ��ƾƿŚǀƬƣ�ŢǀƳřźĭ����

(Alkali Granite)��
ƸŤǀƳřźĭ�ƪƯŚƃ� Ƶƹźĭ� Ʋƿř�ƹ� żţŹřƺƧ� ƪƯŚƃ� źŤƄǀŝ� ƹ� Ƶŵƺŝ� ƾƿŚǀƬƣ� ŹŚĜſŶƬƟ� ƽŚ
Ţſř� ƾƿŚºǀƬƣ� ŹŚĜſŶƬƟ�� ƪƨƃÔ� ���Źŵ� ƾƳƺĭźĭŵ� ƽŚƸĮƴſ� ƶƳŚĮǀŝ� ƾƧŶƳř

Ƶŵƺţ�ƾƯ�ƵŶƿŵ�Ƶƹźĭ�Ʋƿř�ƽŚƷ�ƃŵƺ� �ŤųŚŝ�ƩŚưƃ�Źŵ�ŚƸŤǀƳřźĭ�Ʋƿř�ƽŚŤſƹŹ�ƽź
śƺƴū� ƹ� ƩŚưƃ� Źŵ� ƹ� ŚƸƀǀƴĭ�ŢºǀƳřźĭ�šŹƹŚºŬƯ� Źŵ�ƽŶƴƧŶƿŻ�ƽŚŤſƹŹ�

ƾƯ�ƵŶƿŵ�ƾƀǀƴĭ�ŢǀƳřźĭ�ƽŚƷŶůřƹ��Źŵ�ƾƬºººƤƳŚų�ŶƳƺƃ���
�Ʋƿř�ƱŚǀƯ�ƾĮƴţŚĮƴţ�ƾƷŚĮŤſŚų�ƶƐŝřŹ�ŵƺūƹ�źĮƳŚƄƳ�ƾƿřźŰƇ�ƽŚººƸŤƃřŵźŝ

Ţſř� Ʃƹř� Ƶƹźĭ� ƽŚƸĮƴſ� ƹ� ŚƸŤǀƳřźĭ� ���ƾěƺƨſƹźƨǀƯ� ƽŚºƸǀĭĦƿƹ� źƔƳ� Żř
��ŚƸƳō� ƾƬƇř� ƽŚƸǀƳŚƧ� ƹ� Ƶŵƺŝ� ƽř� ƶƳřŵ� ŢƟŚŝ� ƽřŹřŵ� �Ƶƹźĭ� Ʋƿř� ƽŚƸĮƴſ
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ſŶƬƟ��żţŹřƺƧ�ŻǈƧƺƿĥǈě��ƾŤǀţźě�ƲǀƬƧƹźƨǀƯ��ƾŤǀţźě�ŻǈƧƺţŹř��ƾƿŚǀƬƣ�ŹŚĜ
ŶƴŤƀƷ�Ţǀţƺǀŝ�ƹ�ŢƿƹƺƨƀƯ�ƾƧŶƳř��ƹ���

��
ŚƷŶǀƿƺŤǀƳřźĭ�ƾưǀƃ�ƲǀƯŻ��

ƶŝ��ƖŝŚţ��ƲƿŹŷō�ƽŚƸĮƴſ�ƾŤųŚƴƃ�ƾƳŚƧ�ƹ�ƾƿŚººǀưǀƃ�ŜǀƧźţ��ƾƬƧ�ŹƺººººººƏ
�żǀƳ� ŵƺų� �źºººººƯř� Ʋƿř� ƶƧ�Ţſř� ƪǀƨƄţ� ƪŰƯ� Źŵ� ŚưĭŚƯ� ƾƿŚǀưǀƃ�ŜǀƧźţ

ƕƺƳ�Żř�źŧŐŤƯŢſř�ŚưĭŚƯ�ŹŵŚƯ�Ĭƴſ�ƾƄŴŝ�śƹŷ�ƶūŹŵ��Ĭƴſ����
ƶŝ�� ��ƾƿŚǀưǀƃ�ƲǀƯŻ�šŚƘƫŚƐƯ� ƭŚŬƳřŹƺºƔƴƯÑ��Ʃƹř� Ƶƹźĭ�ƽŚƸŤǀƳřźĭ�Żř�ƶƳƺưƳ�
ÎÐ�ƹ�ƭƹŵ�Ƶƹźĭ�ƽŚºººººƸŤǀƳřźĭ�Żř�ƶƳƺưƳ�Ð�Ƶƹźĭ�ƾƿŚǀƬƣ�ƽŚºƸŤǀƳřźĭ�Żř�ƶƳƺưƳ�

ŶƳŶƃ�ƾƿŚǀưǀƃ�ƶƿżŬţ��śŚǀưƧ�ƹ�ƾƬƇř�źƇŚƴƗ�ƽřźŝ�ƭƺſ���
Ɵźĭ�źºººººƔƳ�Źŵ�ƹ�ƾſŹźŝ�ŚŝƶƳƺưƳ�ŢǀƘƣƺƯ�ƲŤ��ƽŚƷŹřŵƺºººưƳ�Źŵ�ƾĮƴſ�ƽŚƷ

Ƶŵƺººţ� ƵŶƴƴƧ� ŵŚººŬƿř�ƽŚºººưĭŚƯ� �ƾƿŚºưĭŚƯ�ƽŚƸƿźſ�ƞƬŤŴƯ��ƵŶƷŚƄƯ�ƽŚƷ
ƾƿŚºººǀƬƣ�º�ƾưǀƀƬƧ�ƽźſ�ƶŝ�ƢƬƘŤƯ�ƲǀƤƿ�ƶŝ��ƶƤƐƴƯ�Źŵ�ƵŶƃ�ƲƫŚƨƫō�ƦƫŚƧ��

�ƪƨƃÎ��ŶƴŤƀƷ���ƲǀƯƺƫō�źě�ƵŵƹŶŰƯ�Źŵ�ƭƺſ�ƹ�Ʃƹř�ƽŚººººƸƷƹźĭ�ƽŚƸĮƴſ
źĭ�ƶŝ�ƢƬƘŤƯ�ƽŚƸĮƴſ�ƹ�ŶƳŹřŵ�Źřźƣ�ƲǀƯƺƫōŚŤƯ�ƵŵƹŶŰƯ�Źŵ�ƭƹŵ�Ƶƹ��ƪƨƃÏ����

��
�ŢǀƳřźĭ�ƾŤųŚſ�ƲǀƯŻ�ƎǀŰƯ��

�ƲǀƯŻ� ƎǀŰƯ� ŽŚſřźŝ� ƹ� ƾſŹźŝ� ƽŹŚǀƀŝ� ƱřźºĮƄƷƹĦě� Ǝſƺţ� ŚºƸŤǀƳřźĭ
ƵŶƃ� ƽŶƴŝ� ƵŵŹ� ƾŤųŚſ�ŶƳř� �ƽŶƴŝ� ƮǀƀƤţ� ƶģźĭř��ƶŤƃřŵ� ƽŶůřƹ� ƶŬǀŤƳ� ŚƷ

ƾƯ�ƶǀƨţ�ƾƇŚų�źŤƯřŹŚě�ƽƹŹźŝ��ŚƸƳō�Żř�ƭřŶƧ�źƷ�ŚƯř��ŶƳŹřŵ�ƾƃƺĜưƷƹ�ƧŶƴƴ���
�ƽƺſ� Żř� ƵŶƃ� ƶƿřŹř� ƾƨǀƨƠţ� ƽŚƷŹřŵƺưƳ� Źŵ� Ţſř� ŵƺƸƄƯ� ƶƧ� ƱŚºƴģ

ƷƹĦěĮŤſŚų� ƮƿĥŹ�ƞƬŤŴƯ� ƱřźĮƄ�ƹ� ƵŶƃ�ƦǀƨƠţ� źĮƿŶƨƿ� Żř� ŚƸŤǀƳřźĭ� ƵŚ
�ƵŶƃ�Ƶŵřŵ�ŢŞƀƳ�ƾºŤųŚſ�ƲǀƯŻ�ƮƿĥŹ�Ʀƿ��ƾƷŚĮºŤſŚų�ƮƿĥŹ�źƷ�ƶŝ�žĜſ

Ţſř���
ºƿĥŹ�Ʀƿ�Źŵ�ƾƳŚƯŻ�źĭř�ƶƿŚě�ƲǀưƷźŝ�ǀƳřźĭ��ƅŚų�ƾŤųŚſ�ƲǀƯŻ�Ʈ�ƽřŹřŵ�ŚƸŤ

ŤſŚų�ŶƴƃŚŝ� ƾţƹŚƠŤƯ� ƵŚĮ�ƠŤſř� ƭŚĮƴƷ� Źŵ�ŹŚģŵ� ŚƷŹřŵƺưƳ� Ʋƿř� Żř� ƵŵŚ
Ŷƃ�ƮǀƷřƺų�ƾĮƳŚĭŶƴģ� �ƿřźŝŚƴŝƿŚū� ŹŚŧō� Żř�Ƃǀě�ƾƷŚĮŤſŚų� ŹŚŧō�Ʋ�ƾƷŚĮ

ƾƯ�ƒƠů��ŵƺƃ(Pearce,1996)��ƵŚĮƿŚū�ƲǀǀƘţ�ƽřźŝ�ŪƿřŹ�ƽŚƸƃƹŹ�Żř�ƾƨƿ�
ƲǀƯŻ��ŚƸŤǀƳřźĭ� ƾŤųŚſ�Ţſř�śŚǀưƧ� źƇŚƴƗ� ƾƳřƹřźƟ� Żř� ƵŵŚƠŤſř��źŝ��ŽŚſř

�ŹřŵƺưƳ SiO2�źŝřźŝ�ŹŵRb�(Pearce et al ,1984)� ƶƳƺưƳ��ƭƹŵ�Ƶƹźĭ�ƽŚƷ
ƱŚưƧ�ƽŚƸŤǀƳřźĭ�ƵŵƹŶŰƯ�Źŵ�ƹ�ƾƳŚƄƠƄţō�Źŵ�ƭƺſ�ƹ�Ʃƹř�Ƶƹźĭ�ƽŚƷ�ƶƳƺưƳ�

ŰƯƾƯ�Źřźƣ�ŵŹƺųźŝ�Śŝ�ƱŚƯżưƷ�ƽŚƸŤǀƳřźĭ�ƵŵƹŶ��ŶƳźǀĭ��ƪƨƃÐ����
� ƽŚƸǀſŹźŝ� ƶŝ� ƶūƺţ� ŚŝPearce et. Al (1984)�� ��ƶǀůŚƳ�ƽŚƷ� ƶƳƺưƳ� ƶưƷ

Źŵ��ƶƘƫŚƐƯ�ŵŹƺƯě�ƽŚƸŤǀƳřźĭ�ƵŵƹŶŰƯ��ŶƳźǀĭ�ƾƯ�Źřźƣ�ŵŹƺųźŝ�Żř�ž��ƪƨƃ
Ñ� ��źŝ�ſřŹřŵƺưƳ� ŽŚ�Batchelar and Bowden (1985)��ƽŚƸŤǀƳřźĭ

żƷƺƧ� źųřƹř� ƽŚºƸŤǀƳřźºĭ� ƵŵƹŶŰƯ� Źŵ� ƭƹŵ� Ƶƹźĭ�Ƶƹźĭ� ƽŚƸŤǀƳřźºĭ� ƹ� ƾƿř
ŰƯ� Źŵ� ƭƺſƾƯ� Źřźƣ� ŵŹƺųźŝ� Żř�žě�ƽŚƸŤǀƳřźĭ� ƵŵƹŶ��ŶƳźǀĭ��ƪƨƃÒ� ��źŝ�

� ŹřŵƺưƳ� ƶƿŚěHarris et al (1986)���ƵŵƹŶŰƯ� Źŵ� Ʃƹř� Ƶƹźĭ� ƽŚºƸŤǀƳřźĭ
ƾƯ�Źřźºººƣ�ŢųŚſ�ƲǀƯŻ�Śŝ�ƱŚƯżưƷ�ƽŚƸŤǀƳřźĭ��ŶƳźǀĭ��ƪƨƃÓ� ���ƶŝ�ƶūƺţ�Śŝ

ƾƯ�źƔƳ�ƶŝ� �ƵŶƃ�ƭŚŬƳř�ƽŚººƸǀſŹźŝ��ƶŝ�ƍƺŝźƯ�ƭƹŵ�Ƶƹźĭ�ƽŚººººƸŤǀƳřźĭ�ŶſŹ
ƽŚƸŤǀƳřźĭ� IŢſř� ƾƿřżƷƺƧ� źųřƹř� ��ƶŝ� ƍƺŝźƯ� Ʃƹř� Ƶƹźĭ� ƽŚºººƸŤǀƳřźĭ
ƽŚƸŤǀƳřźĭ Sŝ� ƱŚƯżưƷ�ƶŝ� ƍƺŝźƯ� ƭƺſ� Ƶƹźĭ� ƽŚƸŤǀƳřźĭ� ƹ� ŢųŚſ� ƲǀƯŻ� Ś
ƽŚƸŤǀƳřźĭ�SŢſř�ŵŹƺųźŝ�Żř�žě����

��
�ƾƳƺĭźĭŵ�ƽŚƸĮƴſ�ƾſŚƴƃ�ƾƳŚƧ��

ƶƳƺºººưƳ�ƾſŹźººŝ��Ʊƺĭźĭŵ�ƾŝƺſŹ�ƽŚƸĮƴſ�ƥŻŚƳ�ƽŚƸƃźŝ� ƹ�ƾŤſŵ�ƽŚƷ
�ŵƺūƹ�źĮƳŚƄƳ��Ţǀţƺǀŝ�Żř�ƾƴƛ�ƽŚƸŤƀǀƃ�ƶǀůŚƳ�ƹ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƶƤƐƴƯ�Źŵ�ƵŶƃ

� Ƶźºººǀģ� ƾĭŹřƺĭźŝ�Ʀƿ� ƮƧ�Ţſŵ(S2)Ţſř� ƶƤƐƴƯ� ƽŚƸĮƴſ� Źŵ�� ��Ʋƿř
�ƶŤƟźĭ�ƪƨƃ�ƾƳƺĭźĭŵ�ƽŚƸĮƴſ�ƶǀƫƹř�ƽŶƴŝ�ƶƿǇ�Śŝ�ƽŻřƺƯ�źŤƄǀŝ��ƾĭŹřƺĭźŝ

Ţſř� ��Żř�ƾţƹŚƠŤƯ�ŜǀƧźţ�ƪƯŚƃ�ŜƬƛř� �ŚƸǀƳŚƧ� ƶƗƺºưŬƯ� �ƥŻŚƳ�ƖƏŚƤƯ� Źŵ
ŹŚĜſŶƬƟ� �ŻǈƧƺºƿĥǈě� �żţŹřƺºƧƬƧ� �ŢƿƹƺƨƀƯ� �Ţǀţƺǀŝ� �ƾƿŚǀƬƣ���Ţƿź

ºƫƹŹŚŤſř� �ŢƿŻƺƫřŶƳō� �ƲǀƫŚƯŹƺţ� �ŢƳŹŚĭưǀƬǀſ�ƹ�Ţǀº�ƽŚƸĮƴſ�ƹ� Ƶŵƺŝ�ŢǀƳŚ
Ţſř�ŚƸŤƀǀƃ�Żř�ƾţƹŚƠŤƯ�ƕřƺƳř�ƪƯŚƃ�ƶƤƐƴƯ���

�żƿŹ�ŹŚǀƀŝ�ƽŚƷŹƺƬŝ��ƏŚƤƯ�ƾųźŝ�Źŵ�żǀƳ�ƲƧźƿŻ�ƾěƺƨſƹźƨǀƯ�ƵŶƿŵ�ƥŻŚƳ�Ɩ
ƾƯ�ŵƺƃ� �ŤƿźƬƧ�ƵŶƿŵ� ƵŶƃ� ƶººƘƫŚƐƯ� ƥŻŚƳ� ƖƏŚƤƯŻř�Ʀƿ� ĢǀƷ� Źŵ� ŚƷŶǀƿƺº

�ŚƸĮƴſ� Źŵ� ƮǀƴǀƯƺƫō� Żř� ƾƴƛ� ŜǀƧźţ� ŵƺºūƹ� ƪǀƫŵ� ƶŝ� ŚƯř� �ŶƳŶƄƳ�ƶŝ�źƔƳ�
ƾƯ�ƶŤƃřŵ�ŵƺūƹ�ƵŶƳƹźºƄǀě�ƾƳƺĭźĭŵ�ƶǀƫƹř�ƪůřźƯ�Źŵ��ƶƧŶſŹ�ŶƳř���

�ƽŚƸƄƴƧřƹ� ƶƿŚěźŝ� ƹ� ƥŻŚƳ� ƖƏŚƤƯƹ� řźºŰƇ� Źŵ� ŚƸĮƴſ� Ƣǀƣŵ� ƶƘƫŚƐƯ� Śŝ
�ƶƗƺººưŬƯ� Źŵ� ƾţƹŚƠŤƯ� ƾƳƺĭźĭŵ� ƶūŹŵ� ƮƷ� ƍƺƐų� �ƞƬŤŴƯ� ƵŶƳƹźƄǀě
�ƶºūŹŵ�ƮƷ�ƍƺƐų�ƪƯŚƃ�ƶƧ��Ţſř�ƵŶƯō�Ţſŵ�ƶŝ�ŦŰŝ�ŵŹƺººƯ�ƾƳƺĭźĭŵ

ƿŻƺºƫřŶƳō�ƾƳƺĭźĭŵŢſř�ŢǀƫƹŹŚŤſř�ƹ�Ţ���
�ƮſŹ� ƾƳƺĭźĭŵ� ƽŚƸǀƳŚƧ� ŹƺƸƓ� ƽŚºƴŞƯ� źŝ� ƾƳƺĭźĭŵ� ƶūŹŵ� ƮƷ� ƍƺƐų�

ƵŶƃ�� ŶƳř�� ƪƨƃÔ� ���ƾƳŚƧ� ŽŚſřźŝ� ƾƳƺĭźĭŵ� ƽŚƸĮƴſ� �ŹŚŤƃƺƳ� Ʋƿř� Źŵ
ƵŶƃ�ƽŹřŸĮƯŚƳ�ŢƟŚŝ�ƹ�ƾſŚƴƃ�ŶƳř���

��
ƾƳƺĭźĭŵ�ƽŚƸĮƴſ�ŹŵŚƯ�Ĭƴſ��

ºŝŚŤųŚſ�ƹ�ƽŶƴŝ�ƶƿǇ�ŵƺŞƳ�Śƿ�ƹ�ŵƺūƹ�ŶƴƳŚƯ��ƾƿřźŰƇ�ŶƷřƺƃ�ƶŝ�ƶºūƺţ�Ś�ƽŚƷŹ
ƫƹřţ� Ŝǀţźţ� ƹ� źĮƿŵ� ƶǀƾěƺƨſƹźƨºǀƯ� ƽŚƷŹŚǀƘƯ� ƹ� ŚƸǀƫřƺ��ŹřŶºƤƯ��ƕƺƳ� ƹ

ǀƧźţ� ƵŶƴƴƧ� śŚţŻŚŝ� ƾƳƺĭźĭŵ� ƽŚƸǀƳŚƧŹŵŚƯ� Ĭƴſ� ƶǀƫƹř� Ŝ� �ƾƯ��Ʊřƺţ
ºƸĮƴſŵźƧ�ƆŴƄƯ�řŹ�ƾƳƺĭźĭŵ�ƽŚƸĮƴſ�ŹŵŚºƯ�ƽŚ���

ƾƯ�źƔƳ�ƶŝ��ƾƿřźŰƇ�šřŶƷŚºƄƯ�ƹ�ƾěƺƨſƹźƨǀƯ�šŚƘƫŚƐƯ�ƶŝ�ƶūƺţ�Śŝ����ŶſŹ
ƺţƴƯ�ƽŚƸĮƴſ�ƶǀƫƹř�ƾƫřƴţ� �ƶƤƐ�Ƶŵƺŝ�ƥƹ�ƽźĭ�ƹ�ƱƺŤƀŤƬǀſ��ƪǀƃ�Żř�ƾŝƹŚº

ƶƿǇ�ƱŚǀƯ�ƶƧ��ƽŹřƹōŹŷō�ƽŚƸĮƴſ�ƹ�ƽŻƺƧŹō�ƽŚƸĮƴſ�ƶſŚƯ��ƾţŚƴŝźƧ�ƽŚƷ
Ţſř�ƶŤƃřŵ�ŵƺūƹ�Ʊō�Źŵ���
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�ƾƳƺĭźĭŵ�ƽŚƸƄƴƧřƹ�ƹ�ŚƸŤųŚſ�żƿŹ�ƱŚǀƯ�ƍŚŞţŹř��
ƶŝ��ƂŴŝ�Ʋºƿř�Źŵ��ƵŵřŶųŹ�ƾƫŚưŤůř�ƾƳƺĭźĭŵ�ƽŚƸƄƴƧřƹ�ƶŝ�ƾŝŚºǀŤſŵ�ŹƺƔƴƯ

ƺĭźĭŵ�ŢƄĭźƟ� ŶƳƹŹ� ƹ�ƶƗƺưŬƯ� ƾſŹźŝ� ƶŝ� �ƶƘƫŚƐƯ� ŵŹƺƯ� ƶƤƐƴƯ� Źŵ� ƾƳ
�ŚƸƳō� Śŝ�ƎŞţźƯ�ƽŚƸŤųŚſ� ƹ�ƾƳƺĭźĭŵ�ƞƬŤŴƯ�ƾůřƺƳ� Źŵ�ŵƺºūƺƯ�ƽŚƸǀƳŚƧ

ŵƺƃ�ƾƯ�ƶºººŤųřŵźě���
�ƵŶƴƴƧ�ŵŚŬƿř�ƾƳŚƧ�šŹƺƇ�ƶŝ�ƶƧ�Ţſř�ƾƳƺĭźĭŵ�ƾƳŚƧ�Ʋƿźţ�ƱřƹřźƟ�Ţǀţƺǀŝ
�ŵƺų�šŚſŹƺſ�ƶƗƺưŬƯ�Źŵ�ƵŶƃ�Ʊƺĭźĭŵ�ƾŝƺſŹ�ƽŚƸĮƴſ�Źŵ�ƾĭŹřƺĭźŝ

ƾƯ�ƱŚƄƳ�řŹ�ƷŵŶ����ŚƷ�ƶŰƠƇ�Ʋƿř�Źŵ�ŵƺūƺƯ�ƽŚƸŤǀţƺǀŝ�ƽŶƘŝ�ƽŚººƸǀƬƨƃźĭŵ
��ƾƳƺĭźĭŵ�ƽŚƸǀƳŚƧźĮƿŵ�Śŝ� ŚƸƳō�ƽŹŚºººŤųŚſ�żƿŹ�šŚƏŚŞţŹř�ƹ�ƾĭŹřƺººĭźŝ
�ƽŚƸƄƴƧřƹ� �ƽŹŚŤųŚſ� ƽŚƷŵřŶƿƹŹ� ƾƫřƺţ� ƾŞƀƳ� Ʋſ� � ŌƵŹŚŝŹŵ� ƾţŚƗǈƏř

ƾƯ�Ţſŵ�ƶŝ�ƾƳƺĭźĭŵ�ƹ�ƽŹŚŤųŚſ�ƽŚƷŵřŶƿƹŹ�ƞǀƇƺţ�ƹ�ƾƳƺĭźĭŵ�ŶƷŵ��
ĭŹřƺĭźŝ� ƩŚºŨƯ� ƽřźŝƵźĮºƴƧ� ƾ�� ƽř(Crenulation foliation)�ƶŝ��ƶƬǀººſƹ

ƾƯ� ŵŚŬƿř� ƲǀƄǀě� ƾĭŹřƺĭźŝ� Źŵ� ƵŶƃ� ŵŚŬƿř� ƽŚºƸƴǀģ� żƿŹ�ŵƺƃ� ��ƶƯřŵř� Śŝ
�Żř�ƾƴƛ�ƽŚƸƳƺŤǀƫƹźƨǀƯ�ƶƧ�Ţǀţƺǀŝ�Żř�ƾƿŚƷŹřƺƳ�ƶŝ��ŚƸƴǀģżƿŹ�Ʋƿř��ƾƬƨƃźĭŵ

ƾƯ� řŶºū�źĮƿŶƨƿ�Żř� řŹ�ŹŚºĜſŶƬƟ� ƹ�żţŹřƺƧ�ƾƯ�ƪƿŶŞţ� �ŶƴƴƧ��ŹŚŧō� ƶƧ�ŶƳƺƃ
ƾĭŵŹƺų�ƲǀģƾƯ�řŹ�ƾºŤǀţƺǀŝ�ƽŚƷ�ƶƣŹƹ��Źŵ�Ʊřƺţ��ƱƺŤǀƫƹźƨǀƯ�ƾůřƺƳ�ƾųźºŝ
ŵƺƃ�ƾƯ�ƵŶƿŵ��ƪƨƃÕ� ���ƲƸě�ƽŚƷŹƺººƬŝ� �űŹ�ŭƺƐſ�ƱƹŹŵ�ƹ�ƾƨƿŵżƳ�Źŵ

ƶƣŹƹ�ƱŚǀƯ�Źŵ� ŹŚĜſŶƬƟ�ƹ�żţŹřƺºƧ�ƵŶƃ�ƾƯ�ƵŶƿŵ�ƾŤǀţƺººǀŝ�ƽŚƷ��Ʋƿř� ƶƧ�ŵƺƃ
ŹŚƄŤƳř�źĮƳŚǀŝ�źƯř�� (DiffusionƂƴţźºººě�ƢƏŚƴƯ�Żř�ŹŚºĜſŶƬƟ�ƹ�żţŹřƺƧ��Źŵ

ƲǀŝƶƣŹƹ��Ţſř�ƱƺŤǀƫƹźƨǀƯ�Źŵ�Ƃƴţ�ƮƧ�ƾůřƺƳ�ƶŝ�ƾŤǀţƺǀŝ�ƽŚƷ���
�Ʊƺĭźĭŵ�ƾŝƺſŹ�ƽŚƸĮƴſ�Źŵ�ŶǀƠſ�ƽŚƨǀƯ��ƽŹŚŤųŚſżƿŹ�šŚƘƫŚƐƯ�ŌƶƿŚě�źŝ

ƾƯ�ƮǀƀƤţ�Ƶƹźĭ�ƹŵ�ƶŝ�ƵŶƃ��żƿŹ�ƶƳřŵ�ƽŚƷŹƺƬŝ�šŹƺƇ�ƶŝ�Ʃƹř�Ƶƹźºĭ��ŶƳƺƃ
ƶŝ�ƶƧ�Ƶŵƺŝ�ºƣŹƹ�ƵřźưƷƶ�ĭźŝ��ƾŤǀţƺǀŝ�ƽŚƷ�ƶƤƐƴƯ�Ƶźǀģ�ƾĭŹřƺ (S2)�ŵŚŬƿř�řŹ

ƾƯ�ƴƧŶƴ��ºƬŝ� ƭƹŵ� ƶŤſŵǀƯ� ŢƃŹŵ� ƽŚƷŹƺº�ƽƹŹźŝ� ƶƧ� Ţſř� ŶºǀƠſ� ƽŚƨ
ŝǀģ� ƾĭŹřƺĭź� ƶƤƐƴƯ� Ƶź (S2)ƶŤƟŚƿ� ƵŹŚŝƹŵ� ŶƃŹ��ƲƿżºĮƿŚū� Śƿ� ƹ

ƵŶƃ�ŢǀƫƹŹŚºŤſř� � Śƿ� ƹ�ŢƿŻƺƫřŶƳō� ŶƴƳŚƯ�ƾƿŚƸŤƀƬŝƹźǀƟŹƺě�ŶƳř� ��Źŵ� ŚºƸŤºƳŹŚĭ
�Śŝ�ƹ�Ƶŵƺŝ�ƽŹŚŝ�ƱŚººººǀƯ�ŹŚŧō�ŶƣŚºƟ�ŜƬƛř��ƵŶƃ�Ʊƺĭźĭŵ�ƾŝƺººſŹ�ƽŚƸĮƴſ

Ư� ƶŝ� ƶūƺţ�ŚƸŤºƳŹŚĭ� ƵŵźŤƀĭ� ƽŹřŶƿŚě� ƵŵƹŶºººººŰ�ƾƯ� źƔƳ� ƶŝ��Źŵ� ƶƧ� ŶſŹ
ƵŶƃ�ŵŚºººººŬƿř�ƾƳƺĭźĭŵ�ƞƬŤŴƯ�ƪººººůřźƯ�ŶƳř��ƶƳƺưƳ�ƾųźŝ�Źŵ��ŢƳŹŚĭ��ŚƷ

ƾĭŹřƺºĭźŝ�ƽƹŹźŝS2�ŶƴŤƀƷ�Ʊō�Żř�źţ�Ʊřƺū�ƹ�ƵŵźƧ�ŶƃŹ��ƾƯ�ƩŚưŤůř��ŵƹŹ
ŶƃŚŝ�ƵŶƃ�ƪƇŚů�źƿŻ�ƽŚƸƄƴƧřƹ�Żř�ŢƳŹŚĭ���

��
2 Chl + 4 Qtz         3 Grt + 8 H2O                               (1) 
                     
3 Chl + Ms+ 3 Qtz          Bt + 4 Grt + 12 H2O                (2) 

                  ��
�ƽżƧźƯ�ƾůřƺƳ�Źŵ�ŵƺūƺƯ�ƽŚƸŤƀƬŝƹźǀƟŹƺě�Ʋƿźţ�ƮƸƯ�Żř�ƾƨƿ�ŢǀƫƹŹŚººººŤſř

� Ţſř� ƶƘƫŚƐƯ� ŵŹƺºººººƯ� ƶƤƐƴƯ�� ƪƨƃÔ� ��� ƽŚƷŹƺƬŝ�Ʊō� ƦǀŤƀƬŝƺƬǀƨƿƺě
ǀţƺǀŝ�ƵŚĭ�ƹ�żţŹřƺƧ�Żř�ƾƳřƹřźººººƟ�ƽŚƷŹŚŝ�ƱŚǀƯ�ƽřŹřŵºººº�Śŝ�ŜƬƛř�ƶƧ�Ţſř�Ţ��

��
�ŚƸƳō�ƵŶƴƴƧ�ƶƏŚůř�ƾĭŹřƺĭźŝ(S2)�Ţſř�ƱřƺººŴưƷŚƳ���ƪƨƃÖ����ƶƧ�ŚŬƳō�Żř

ƵŶƃ� ƵŶǀƄƧ�ŜƬƛř� żţŹřƺºƧ� ƽŚƷŹŚŝ� ƱŚǀƯ�ƾưƿŶƣ� ľřźŨƧř� ŶƿŚŝ�žě� �ŶƳř��Żř� źţ
ŢǀƫƹŹŚººŤſř�ƴƧřƹ�Żř�ƾƃŚƳ�ƹ�Ƶŵƺŝ�ŶƴƃŚŞƳ�ŢǀƫƹŹŚººŤſř�ƵŶƴƴƧ�ŵŚŬƿř�ƽŚººƸƄ��

ƾƯ��īŹżŝ�ƽŚƸŤƀƬŝƹźºººǀƟŹƺě�Żř�ƾųźŝ�Źŵ��żƧźƯ�Źŵ�řŹ�ƽŹŚŝ�ƱŚǀƯ�ŹŚŧō�Ʊřƺţ
Ţſř�ƵŶƃ�ƶŤſŚƧ�Ʊō�ƱřżǀƯ�Żř��ƶºººǀƃŚů�Źŵ�ƶƧ�Ŷƿŵ�ƾƳŚƧ���ŢºƔƬƛ�źƏŚų�ƶŝ

�ƶŝ� ŻŚǀƳ� �ŢǀƫƹŹŚŤſř� ƵŶƴƴƧ� ŵŚŬƿř� ƽŚƸƄƴƧřƹ� �ƾƳŚƧ� Ʋƿř� Źŵ� ƮǀºƴǀƯƺƫō� ŵŚƿŻ
�ŢƿƹƺºƨƀƯ�ƮºƌƷ�ƽřźŝ�źƿŻ�ƽŚƸƄƴƧřƹ�ƶƧ�ŵŹřŵ�Ţǀţƺǀŝ�ŵŚŬƿř�ƹ�ŢƿźƬƧ�ƹ
ƾƯ�ŵŚƸƴƄǀě�źƯř�Ʋƿř�ŵƺƃ���

 
Chl + 9 Qtz + 8 Ms        2 G t + 8 Bt + 15 Qtz                (3)                                   
 
3 Chl + 4 Ms        8 St + 41 Bt + 33 Qtz + 10 H2O         (4)             

��
ŤŞƫřƶƳƺưƳ�ƾųźŝ� Źŵ�ŢǀƫƹŹŚŤſř�ƽŚƸŤƀƬŝƹźǀƟŹƺě� Żř�ƾųźºººŝ� ƶ��šŹƺƇ� ƶŝ� ŚƷ

ƵŶƃ�ƲƿżººººººĮƿŚū�ŢƿƹƺººººƨƀƯ�ƽŚƷŹƺƬŝ�Ǝſƺţ�ƾƄŴŝ�ŶƳř� ��ƂƴƧřƹ�Ʋƿř
ƾƯ�ƶŝ�ŶƳřƺţ��żǀƳ�ŢƿƹƺƨƀƯ�ŶƃŹ�ƹ�ŢǀƫƹŹŚŤſř�ƮƌƷ�ƽřźŝ� ƵŶƳƹźƀě�šŹƺƇ

ŵƺƃ�ƵŵŚƠŤſř���ŢǀƫƹŹŚŤſř�ƽŚƸŤƀƬŝƺƬǀƨƿƺě�ƪųřŵ�Źŵ�żţŹřƺƧ�ƽŹŚŝ�ƱŚǀƯ�ŹŚŧō
� Ʊō� ƝřźƏř� ƾĭŹřƺºĭźŝ� Śŝ� ƱřƺŴưƷŚƳ� ƹ� ƮǀƤŤƀƯ� ƵŚĭ�� ƪƨƃÖ� ��ƾƳŚƯŻ� ƹ

ƶŝ��ŢſŚƸƳō�ƵŶƴƴƧ�ƵźƇŚŰƯ�ƾĭŹřƺºĭźŝ�Śŝ�ƱřƺŴưƷ�ƽŶů�Śţ�ƹ�ũřƺƯ�šŹƺƇ
�ƪƨƃÎÍ��Żř�žě�ŚƸƳō�ƪǀƨƄţ�źĮƳŚƄƳ�źƯř�Ʋƿř�ƶƧ�� D1�ƾƏ�Źŵ�ƹ D2�Ƶŵƺŝ�

Ţſř� ��ŢƿŻƺººƫřŶƳō� ƽŚƸŤƀƬŝƹźºǀƟŹƺě� Żř� ƾųźŝ� ŶƃŹ�Śŝ� ƾƨƿŵżƳ� ƶƐŝřŹ�
ǀƫƹŹŚŤſřŵŹřŵ� ŚƸŤ� ��ƽřźŝ� ƾƫŚưŤůř� ŐƄƴƯ� ŚƸŤǀƫƹŹŚŤſř� � ŶƿŚƃ� �Ʋƿř� źŝ� ƱƹżºƟř

ŶƴƃŚŝ�Ƶŵƺŝ�ŢƿŻƺƫřŶƳō�ŶƃŹ�ŢƸū�ŻŚǀƳ�ŵŹƺƯ�ƮǀƴǀƯƺƫō���ƽŚºƸƄƴƧřƹÒ��Ó�ƹÔ�
ƾƯ�ŶƴƃŚŝ�ŢƿŻƺƫřŶƳō�ŵŚŬƿř�ƹ�ŢǀƫƹŹŚŤſř�ƝźƈƯ�ƾƫŚưŤůř�ƽŚƸƄƴƧřƹ�ŶƴƳřƺţ�  

 
(5)�H2O       �6 St + 17 Grt  + 25 Ms     96 Als + 25 Bt +12 

 
6 St + 8 Ms + 17 Qtz      62 Als + 8 Bt + 12 H2O           (6)  

 
6 St + 25 Qtz         46 Als + 8 Grt + 12 H2O                   (7) ��

��
ƶƳƺưƳ� Źŵ�ŢǀƳŚưǀƬǀſ��šŹƺƇ�ƶŝ� źŤƄǀŝ� ƵŶƃ�Ʊƺĭźĭŵ�ƾŝƺſŹ�ƽŚƸĮƴſ�ƽŚƷ
ƾƯ�ƵŶƿŵ�ŢǀƫƹźŞǀƟ�ŵƺƃ���

Ư� ŹŚǀƀŝ� ŚƸŤǀƫƹźŞǀƟ� ŶººƃŹ�ŭźƏ� ƶģźĭř��ƽƹŹźŝ� ŚƸƳō� źŤƄǀŝ� ŚƯř� �Ţſř�šƹŚƠŤ
ƾƯ�ƁźŤƀĭ�Ţǀţƺǀŝ�ƽŚƷŹƺººƬŝ�ƾƯ�źƔƳ�ƶŝ� ƹ�ŶƴŝŚƿ��ƱŚǀƯ�Żř� Śŝ�ŜƬƛř� ƶƧ�ŶſŹ

ƾƯ� ƪǀƨƄţ� Ţǀţƺºǀŝ� ƽŚƷŹƺºººººƬŝ� ƲŤƟŹ�ŶƳƺƃ� �ƶƳƺưƳ� Źŵ��Żř� ƾƴƛ� ƽŚƷ
�ŢǀƫƹŹŚŤſř�ƽŚƸŤƀƬŝƹźǀƟŹƺě�ŹƹŚŬƯ�ƽŚƸŤǀţƺǀŝ�ƽƹŹźŝ� ŚƸŤǀƫƹźŞǀƟ� �ŢǀƫƹŹŚŤſř

ƾƯ� ƪǀƨƄţ�ƾƯ� ƶƧ� ŶƳƺƃ�řƹ� Ʊřƺţ� ƽŚººƸƄƴƧÒ�ÓƹÔ�ƥźºŰţ� ƮƧ� Ʊƺƿ� ƶƧ�
�ƽŚƷŹƺƬŝ�ƽƹŹźŝ�ŢǀƳŚººººưǀƬǀſ�ŵŚŬƿř�ƽřźŝ�ƽźŤưƧ�ŢƟŚƀƯ�ŚƸƳō�Źŵ�ƮǀƴǀƯƺƫō

ƾƯ�ƪưů�Ţǀţƺǀŝ�ŢƟźĭ�źƔƳ�Źŵ�řŹ�ŵƺƃ���
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�ŵƺūƺƯ�ƽŚƸŤƀƬŝƹźǀƟŹƺě�Ʋƿźţ�īŹżŝ�ƹ�Ʋƿźţ�ƱřƹřźƟ�ŢƿŻƺƫřŶƳō�ƽŚƷŹƺºƬŝ
ŶƴŤƀƷ�ƶǀůŚƳ�Źŵ��ƬŤŴƯ�ƖƏŚƤƯ�Źŵ�ŢƿŻƺƫřŶƳō�ƽŚƸŤƀƬŝƺºººººƬǀƨƿƺě�ƽřŹřŵ�ƞ

ŧōºǀƤŤƀƯ�ƽŹŚŝ�ƱŚºººǀƯ�ŹŚ�ŚƸƳō�ƵŶƴƴƧ�ƵźººƇŚŰƯ�ƾĭŹřƺĭźŝ�Śŝ�ƱřƺººŴưƷŚƳ�ƹ�Ʈ
(S2)���ƪƨƃÎÎ��ǈƯŚƧƹ�ƵŵŹƺºų�Ʋǀģ�ƽŹŚŝ�ƱŚǀƯ�ŹŚŧō�ƲǀƴĤưƷ�ƹ�ø�ƱřƺŴưƷ

� Ţſř� ŚƸƳō� ƵŶƴƴƧ� ƵźƇŚŰƯ� ƾĭŹřƺĭźŝ� Śŝ�� ƪƨƃÎÏ� ���źºººĮƳŚƄƳ� źƯř� Ʋƿř
� Żř�žě� Żř� �Ɩǀſƹ� ŹŚǀƀŝ� ƵŵƹŶŰƯ�Ʀƿ� Źŵ� ŚƸƳō� ƪǀƨƄţS1�� Śţ� Żř�žěS3�

Ţſř���
�ƽŚºƸƄƴƧřƹÒ��Ó�ƹÔ�ƹ�ŢǀƫƹŹŚŤſř�ƮƌƷ�ƽřźŝ�ƾŞſŚƴƯ�ƽŚƸƄƴƧřƹ�ŶƴƳřƺţ�ƾƯ�

ŶƴƃŚŝ�Ʊō�Żř�ŢƿŻƺƫřŶƳō�ŵŚŬƿř� �ƾƯ� řŹ�źƿŻ�ƽŚººƸƄƴƧřƹ�ƲǀƴĤưƷ��ƽřźŝ�Ʊřƺţ
ŢƟźĭ�źƔƳ�Źŵ�ŢǀƫƹŹŚŤſř�Śŝ�ƶƐŝřŹ�ƱƹŶŝ�ŢƿŻƺƫřŶƳō�ƪººººǀƨƄţ���

 
3 Chl+7 Ms+Qtz    13 Als (Andalusite)+7Bt+18 H2O   (8)  
 
 Ms + Qtz    Als (Andalusite) + Feld-alk + H2O             (9)  

 
Ţſř�ƶǀůŚƳ�Źŵ�ŵƺūƺƯ�ŢƀƬŝƹźǀƟŹƺě�Ʋƿźţ�śŚǀưƧ�ŢƿźƿŵźƧ���żǀƳ�ŚƸŤƿźƿŵźƧ

�ƹ�ŢƿƺƨƀƯ��żţŹřƺƧ�Żř�ƾƳřƹřźƟ�šŚƘƐƣ�ƹ�Ƶŵƺŝ�ƱřƹřźƟ�ƽŹŚŝ�ƱŚǀƯ�ŹŚŧō�ƽřŹřŵ
ƶŤƟźĭ�źŝ�Źŵ�řŹ�Ţǀţƺǀŝ�ŶƳř��Źřƺĭźººŝ�ƶƐŝřŹ�ƶŝ�ƶūƺţ�Śŝ�Ʋƿř�ƵŶƴƴƧ�ƵźƇŚŰƯ�ƾĭ

�Źŵ�ŵƺºūƺƯ�ŢƿźƿŵźººƧ�ƽŚºººƸǀƳŚƧ��ŚƸƳō�ƱƹŹŵ�ƽŹŚŝ�ƱŚǀƯ�ŹŚºººŧō�Śŝ�ŚººƸǀƳŚƧ
ƾƯ� řŹ�ƥŻŚƳ�ƖƏŚƤƯ�Śŝ�ƱŚƯżººưƷ�Ʊřƺţ�S2�ºƴě�Ʊō�Żř�žě�ƹ�ƎŝřƹŹ�ƹ�ŢƃřŶº

ŢƟźĭ�źƔƳ�Źŵ�ŚƸƳō�ƪǀƨƄţ�ƽřźŝ�ƾěƺƨſƹźƨǀƯ�šŚƘƫŚƐƯ�ƶŝ�ƶūƺţ�Śŝ�řŹ�źƿŻ���
 
St + Bt + Qtz      Grt + Crd + Ms + H2O                       (10)                 
 
Chl + Ms + Qtz     Crd + Bt + H2O                               (11)                    
 
Chl + Ms + Qtz        Crd + Bt + And + H2O                 (12)        

��
ƶŝ��ŚƷ�ƶƳƺưƳ�Żř�ƽŹŚǀƀŝ�Źŵ�ŢƿźººƬƧ�ƺưƘƯ�ŹƺƏŹŵ�Ʃ�ƵŶƳƹźƀě�ƾƴƿżĮƿŚū�źŧř�

ƾƯ�ŵŚŬƿř�ŢºǀƫƹŹŚŤſř�ƹ�ŢƳŹŚĭ��Ţǀţƺǀŝ�ŵƺƃ���ƽŚºƸƄƴƧřƹ�ƲƿřźŝŚƴŝÎ�Ï�ÐƹÑ�
ƾƯ�ŶƴƃŚŝ�ŶƴƿōźƟ�Ʋƿř�źºĮƳŚƄƳ�ŶƴƳřƺţ���ŢƿźƬƧ�ƽŚƷŹƺƬŝ�ƾĭŶƃ�ƵŶƿźŝ�ƍŚŞţŹř

ƶººººƳƺưƳ� Źŵ� źţ�ƾưƿŶƣ�ƽŚƷŹƺƬŝ� ƶŝ�ŢŞƀƳ��Śŝ� ŚƸƳō�ƪƯŚƧ�ŢƷŚŞƃźºĮƳŚƄƳ� �ŚƷ
Ɵ� ƹ� Ţſř� ŢƿƹƺƨƀƯ� ƽŚƸŤƀƬŝƹźǀƟŹƺě�ŚƸǀƳŚƧ� Ʋƿř� ƱŚƯżưƷ� ƁźŤƀĭ� Ɖź

�ƽŚƸƄƴƧřƹ�ƽŚƴŞƯźŝÐ�ƹ�ÑŢſř�����
��

�ƾŬƴſŹŚƄƟŚƯŵ (Thermobarometry)��
ŵ� ƽŚƸĮƴſ� ŵŹƺƯ� Źŵ� ƵŻƹźºƯř� ƶƧ� ƾţŚƘƫŚƐƯ� Ʋƿźţ� ƮƸƯ� Żř� ƾƨƿ�ƾƳƺĭźĭ

ƾƯ�šŹƺƇ�ƄƟ�ƲǀǀƘţ��ŵźǀĭ�ƾŬƴſŹŚƄƟŚƯŵ�ƶƧ�ŢſŚƸĮƴſ�ƪǀƨƄţ�ƽŚƯŵ�ƹ�ŹŚ
ƾƯ� ƵŶǀƯŚƳ�ŵƺƃ� �Ĭƴſ� ƶƨŞƃ� Żř� �ŹƺºƔƴƯ� Ʋƿř� ƽřźŝ�ƾƿřŻ�(Petrogeny)�

��ƪƨƃÎÐ��ƾƯ�ƵŵŚºƠŤſř�ƥŻŚƳ�ƖƏŚƤƯ�ƹ�ŵƺƃ���Ţưƀƣ�Ʋƿř�Źŵ�ƶƧ�ƶºƨŞƃ�Ʋƿř
ƶŝ��Źŵ� ƵŶƃ� ŵŚƿ� ƽŚƸƄƴƧřƹ� ƹ� ŵƺūƺƯ� ƽŚƸǀƳŚƧ� ƶŝ� ƶūƺţ� Śŝ� �Ţſř� ƶŤƟŹ� ŹŚƧ

Ţſř�ƵŶƃ�ƮſŹ� �ƲǀƄǀě�ƂŴŝ� �Źŵ�ƵŶƃ�ƱřƺƴƗ�ŜƫŚƐƯ�ƶŝ�ƶūƺţ� Śŝ��ƽŚƸƄŴŝ

�ƲºǀƄǀě�ƹ� ƮƷ� ƶŝ�ŢŞƀƳ� ŚƸǀƳŚƧ� ƪǀƨƄţ�ƾƳŚƯŻ� ƶƐŝřŹ�� ƶŝ�ŢŞƀƳ�ƽŚƷŵřŶƿƹŹ
ƾƯ�řŹ�ƶºƤƐƴƯ�ƾƳƺºĭźºĭŵ��ƪƨƃ�šŹƺƇ�ƶŝ�ƱřƺţÎÑ�ŵřŵ�ƱŚƄƳ����

ƸĮƴſ� ƶǀƫƹř�Ĭƴſ� ƶŝ� ƶūƺţ� ŚŝŚƾƯ�ƆŴƄƯ� �ƶƤƐƴƯ� ƾƳƺĭźĭŵ� ƽ��ƶƧ� ŵƺƃ
Ţſř� Ƶŵřŵ� ƪǀƨƄţ� ƾºººººŤǀƬě� ƽŚƸĮƴſ� řŹ� Ʊō� Żř� ƾĭŹżŝ�ƂŴŝ� ��Żř� ŚƸŤǀƬě

�ƾſŹ�ƽŚƸǀƳŚƧ�ŢǀƴǀƫƺŗŚƧ��ŢǀƳƺºººƬƿŹƺƯ�ŢƳƺƯ��ŢǀƬƿř��ƽŚƨǀƯ��ŢƿźºººƬƧ�
ƽŹřƹōƾƯ�ƪǀƨƄţ�żţŹřƺƧ�ƹ�ŹŚĜſŶƬƟ�ƽŹřŶƤƯ� ƵŚĭ�ƹ��ŵƺƃ���Żř�ƾƨƿ�żţŹřƺƧ
řŻŚſ�ŢſŚƸĮƴſ� Ʋƿř� ƾƬƇř� ƽŚƷ� ��ŹƺƏ� ƶŝ� Ţſř� ƲƨưƯ� ŚƸǀƳŚƧ� Ʋƿř� ŹřŶººƤƯ

ŶƴƧ�źǀǀƜţ� źĮƿŵ�Ĭƴſ�ƶŝ�ƾĮƴſ�Żř� źºǀĮưƄģ� ��źĮƿŵ�ƹ�ŢǀƳƺºƬƿŹƺƯ�ŢƳƺƯ
ƺºĭźĭŵ�ŻŚƛō�Źŵ�ƹ�ƵŶƃ�ƶƿżŬţ�żºƳĥŚƿŵ�ŢƟźºƄǀě�Śŝ�ƾſŹ�ƽŚƸǀƳŚƧ�ŵƺºūƹ�ƾƳ

ŶƴƷřƺŴƳŢƃřŵ�� �ƯŵŹŵ� ƽŚºÏÒÍ� Śţ�ÐÍÍŹřŶƿŚěŚƳ�ŢǀƬƿř� ŵřźĭ� ƾŤƳŚſ� ƶūŹŵ��
� ƵŶƃ�� ƵŵƹŶºŰƯÎ� �ƪƨƃÎÐ� �� �ƽŚºƯŵ� Źŵ�ƾƳƺĭźĭŵ�ŢƟźƄǀě� Śŝ� ƹ˚�ÐÐÍ��

ƵŶƃ� źƷŚººƓ� ŢǀƴǀƫƺŗŚƧ� ƂƴƧřƹ� Żř� ŢǀƬǀƟƹźǀě�ƂƿřżƟř� Śŝ� ƹ��ƶººūŹŵ
Źŵ� �ƾƳƺĭźĭŵ�ŵƹŶºů� ƽŚƯŵ˚ÑÍÍ���źƷŚººƓ� ŢƳŹŚºĭ� ƽŚƸŤƀƬŝƹźǀƟŹƺě

ƾƯ�ƃŶƳƺ� �� �ŚƯŵ� ƲºǀưƷ� Źŵ�ŢƿƹƺƨƀƯ� ƹ� ŢǀƬǀƟƹźǀě� ƶŝ� ŢǀƳƺƬƿŹƺƯ� ŢƳƺƯ
ƾƯ�ƪƿŶŞţ�ŵƺƃ���

� �ŵƹŶů�ƽŚƯŵ�Źŵ��ŢƳŹŚººĭ�ŹƺƬŞţ�Żř�žě��ŢƿŻƺºƫřŶƳō˚�ÑÎÒ���ƲŤƀƨƃ�Żř
ºǀěƾƯ�ŵƺūƹ�ƶŝ�ŢǀƬǀƟƹź��Ŷƿō��ƾƴŰƴƯÏ�ƪƨƃ��Ñ��ÎÑ����ƹ�ŢƿŻƺƫřŶƳō�ŹƺƸƓ

�Źŵ�ƶƬůźƯ�Ʋƿř�Śţ�ƶƤƐƴƯ�ƽŚƸĮƴſ�ƶƧ�Ţſř�Ʋƿř�ƽŚºƿƺĭ��ŢǀƳŚǀƧŹƺƸƓ�ƭŶƗ
� Żř� źŤưƧ� ŹŚƄƟÔÒ�ÏƵŶƃ� ƪǀƨƄţ� ŹŚŝƺƬǀƧ��ŶƳř� ��Żř� žě� ŢǀƫƹŹŚºººŤſř

�ƽŚƯŵ�Źŵ�ƹ�ŢƿŻƺƫřŶƳōÒÍÍ�Śţ�ÒÏÒ�Żř�Ƃǀŝ�ŹŚºƄƟ�Źŵ�ƹ�ŵřźĭ�ƾŤƳŚſ�ƶūŹŵ�
Ò�ÏƾƯ�ƪǀƨƄţ�ŹŚŝ�ƺƬǀƧ���ŵƺƃ��ƾƴŰƴƯÐ�ƹ�Ñ�ƪƨƃ���ÎÐ��� ��Ʋƿř�ƶŝ�ƶūƺţ� Śŝ

�ŢǀƳŚººǀƧ� ƾƳƺĭźĭŵ� ŢƟźƄǀě� Śŝ� ŢƿŻƺƫřŶƳō� º� ŢǀƫƹŹŚŤſř� ƱřŶºººǀƯŹŵ� ƶƧ
ƾưƳ� źƷŚƓ�ě� �ŵƺƃ�ƹ� Ƶŵřŵ�ƽƹŹ�ŢƿŻƺƫřŶƳō�ƽŹřŶƿŚě� ƱřŶººººǀƯ� Źŵ� ŹƺƬŞţ�ž
�Żř�ŹŚƄƟÔÒ�Ð�ŹŚŝƺƬǀƧ��ƲǀƯƺƫō�ƽŚƸţŚƨǀƬǀſ�ƶƳŚĭ�ƶſ�ƶƐƤƳ��ƾưƳ�źţřźººººƟ�ŵƹŹ��

ŢǀƫƹŹŚŤſř�ƱřŶǀƯ�Źŵ�ŹƺººƬŞţ�ƲƿřźŝŚƴŝ��Ʋǀŝ�ŹŚƄƟ�Źŵ�ŢƿŻƺƫřŶƳō�Ò�Ï�Śţ�ÔÒ�Ð�
�ƽŚƯŵ�Źŵ�ƹ�ŹŚŝƺƬǀƧÒÍÍ�Śţ�ÒÏÒŢſř�Ƶŵřŵ�űŹ�ŵřźĭ�ƾŤƳŚſ�ƶūŹŵ����

ţ� Śŝ�ƾěƺƨſƹźºººƨǀƯ�šŚƘƫŚƐƯ� ƶŝ� ƶūƺ�ƾƯ� źƔƳ� ƶŝ��Źŵ�Ǝƿřźƃ�Ʋƿř� ƶƧ� ŶſŹ
ƾĭŹřƺºĭźºººŝ�ƪǀƨƄţ�ŻŚƛō�ƱŚƯŻ S2ƾƯ�řźƿŻ��Ƶŵƺŝ�ŵƺūƺƯ���řŹ�ƾƘƏŚƤƯ�Ʊřƺţ

�ƱŚǀƯ� ŹŚŧō�ƽřŹřŵ�ŢǀƫƹŹŚŤſř� ƹ�ŢƿŻƺƫřŶºººººƳō�ƽŚƸǀƳŚƧ� �ŚƸƳō� Źŵ� ƶƧ�ŢƟŚƿ
ººººƴƴƧ�ƵźƇŚŰƯ�ƾĭŹřƺĭźŝ�Śŝ�ƱřƺººººººŴưƷŚƳ�ƹ�ƮººººººǀƤŤƀƯ�ƽŹŚŝ�ŚƸƳō�ƵŶººº 

 S2�� źŝ� ŵƺưƗ�ƾŤůS2��º� ŹŚºƄƟ�Ǝƿřźƃ�ƾĭźǀģ�źĮƳŚƄƳ� źƯř�Ʋƿř� ƶƧ� Ƶŵƺŝ�
�ƪǀƨƄţ�ŻŚƛō�ƱŚƯŻ�Źŵ�ơƺƟ�ƽŚƯŵS2Ţſř�����

� ƪǀƨƄţ� ƱŚƯŻŹŵS2��Źřźƣ�ŢǀƫƹŹŚŤſř� ƽŹřŶƿŚě� ƱřŶººººººǀƯ� Źŵ� ŶƿŚŝ� ŚƸĮƴſ�
ƾƯ�řŹ�ƾƳřƹřźƟ�ŢǀƫƹŹŚŤſř�ƽŚƸǀƳŚƧ�řźƿŻ��ŶƴƃŚŝ�ƶŤƃřŵ��ƱŚƯżưƷ�ƶƧ�ŢƟŚƿ�Ʊřƺţ

� ŚŝS2Ƅţ�� ƶƤƐƴƯ� Ƶźǀģ� ƾĭŹřƺĭźººººŝ� źŤƄǀŝ� Ʊƺģ� �ŶƳř� ƵŶƃ� ƪǀƨ(S2)�Żř�
�ŵŹřŵ�ƶƯřŵř�ƾƟřźŰƳř�ƶƳƺĭ�ĢǀƷ�ƱƹŶŝ�ŚƸƳō�ƱƹŹŵ��Żř�žěS2�ƾƯ�žě����Ʊřƺţ

�ƪǀƨƄţ�źųřƹř�ƱŚƯŻ�ƶŝ�ƍƺŝźƯ�řŹ�ŢƿŻƺƫřŶƳō�ƽŚºƸǀƳŚƧ�Żř�ƾƄŴŝS2�žě�ƹ�
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�ƎŞţźƯ�ŢǀƫƹŹŚººººººŤſř�ƽŹřŶƿŚěŚƳ� � Śŝ� řŹ� Ʊō�ƪǀƨƄţ� Żř�ƾƄŴŝ� żǀƳ� ƹ�Ʊō� Żř
ƳřŵŢƀ���

�ƾŤǀţƺǀŝ� ƶƴǀƯŻ� ƽƹŹźŝ� ŢǀƳŚưǀƬǀſ� ƽŚººººººƸŤǀƫƹźŞǀƟ� ƹ� ŚƷŹƺƬŝ� ŹƺººººººƸƓ
�� ƵŶƴƷŵ� ƪǀƨƄţ� ƽŚƸŤǀţƺǀŝS2� ��źºººųřƹř� Źŵ� ŚƸƳō� ƪǀƨƄţ� źºººººººººĮƳŚƄƳ

�ƪǀƨƄţS2Ţſř�Ʊō�Żř�žě�ƹ���ƾƯ�ƲƿřźŝŚººƴŝ��źųřƹř�Źŵ�ƶƧ�ŢƟźĭ�ƶŬǀŤƳ�Ʊřƺţ
�ƪǀƨƄţS2Ţſř�ƶŤƟŚƿ�ƂƿřżƟř�ƶƤƐƴƯ�ƽŚƯŵ��Ʊō�Żř�žě�ƹ�� �ŵ�ƱŚƯŻ�ƲǀưƷ�Ź

ƶǀůŚƳ�ƾƳƺĭźĭŵ�ƽŚƸĮƴſ�ƪǀƨƄţ�Żř�žě��Źŵ�ƽźŞưƷ�ƾƳƺĭźĭŵ�ƽŚƸĮƴſ��ƽř
Ƶŵƺţ� ƱƺƯřźǀě��ƶŝ�ŢƿźƿŵźƧ�ƾƳŚƧ� ƹ�Ţſř� ƵŶƃ�ƪǀƨƄţ� ƶƤƐƴƯ�ƽŷƺºƠƳ�ƽŚƷ
�ŢƳŹŚĭ�ƵřźưƷ��ƽŚƯŵÒÍÍ�Śţ�ÒÒÍ�Żř�źţ�ƲǀƿŚě�ŹŚƄƟ��ŵřźĭ�ƾŤƳŚſ�ƶūŹŵ�Ö�Ï�

ŹŚŝƺƬǀƧ���ŢƿŻƺƫřŶƳō�ƵřźưƷ�ƶŝ�ƹ��ƽŚƯŵÒÏÒ�Śţ�ÓÍÍŚſ�ƶūŹŵ��ŹŚƄƟ��ŵřźĭ�ƾŤƳ
� Żř�źţ�ƲǀƿŚěÔÒ�ÏŹŚŝƺƬǀƧ�� �ƾƯ�ƵŶƿŵ�ŵƺƃ��ŹƺººƸƓ�ŶƴƳŚưƷ� �ŶƷřƺƃ�Ʋƿř� ŌƶưƷ

�Źŵ� ŚƯŵ�ƂƿřżƟř�ƽŚƿƺĭ��ŢƿźƿŵźƧ�ƾƳŚƧ�ƪǀƨƄţ� ƹ�ŢǀƳŚưǀƬǀſ�ƽŚƸŤǀƫƹźŞǀƟ
ƪǀƨƄţ� Żř� žě� ƹ� źººººųřƹř�S2�ƾƯ� řŹ� źƯř� Ʋƿř� ƶƧ� Ţſř��ŻŚƛō� Śŝ� Ʊřƺţ

Ƶŵƺţ� ƢººººƿŹżţ�ưŬƯ� ƱƹŹŵ� ƶŝ� ƽŶǀƿƺŤǀƳřźĭ� ƽŷƺƠƳ� ƽŚƷ�šŚſŹƺſ� ƶƗƺ
ŢƀƳřŵ�ƱŚƯżưƷ���

� ƪǀƨƄţ� Żř� žěS2Ƶŵƺţ� ŷƺƠƳ� ƩŚŞƳŵ� ƶŝ� ƾƃŹŚƄƟ� ŵřŶºººƿƹŹ� Ʀƿ���ƽŚƷ
�ƾĭŹřƺĭźŝ�Źŵ�ƾĭŵŹƺººų�Ʋǀģ�ŜūƺƯ�ƶƧ�ŵřŵ�ƽƹŹ�ƶƤƐƴƯ�Źŵ�ƽŶǀƿƺŤǀƳřźĭ

�ƶƤƐƴƯ�Ƶźǀģ(S2)��ŮºƐſ�ŵŚººŬƿř�ƹS3��ŚºººººƸƴǀģ�żƿŹ�ƽŹƺºººººººŰƯ�ŮƐſ��
Ŷƃ� �ƶŝ� ŚººººººƸƴǀģ� żƿŹ� Ʋƿř� ƪǀƨƄţ� Śŝ� ƱŚƯżºưƷ��ƁŹŚƄƟ� ƂƿřżººƟř� ƪǀƫŵ�

� Śŝ� ƱŚƯżưƷ�ŢǀƫƹŹŚŤſřS3�ƽŹŚŝ� ƱŚººººººǀƯ� ŹŚºººººŧō�ƽřŹřŵ� ƶƧ� Ŷƃ�ƪǀƨƄţ�
� ƵŵŹƺų�Ʋººǀģ��Źŵ�ŵƺūƺƯ�ƾĭŵŹƺų�Ʋǀģ� ƶŝ�ŢŞƀƳ� źţ�ƦģƺƧ� ƶƴººƯřŵ� Śŝ

S2��Ţſř�ƶƴǀƯŻ�Śŝ�ƱřƺŴưƷ�ƹ���
�ƂƿřŶǀě�Żř�žě�ƶŤŞƫř S3��Źŵ�ŢƿźƿŵźººƧ�ƹ�ŢƿŻƺººƫřŶƳō�ƽŚƸǀƳŚƧ�ƪǀƨƄţ�

� ƶƯřŵř� ƶºººƤƐƴƯƾƯ� ƹ� ƶŤƃřŵ�ºººƸǀƳŚƧ� ƱřƺţŚ�ƹ� ŢƿŻƺƫřŶƳō� ŢƃŹŵ� ŹŚǀƀŝ� ƽ
�Żř�žě�ŢƿźƿŵźƧS3�ŢƟŚƿ�ƶƤƐƴƯ�Źŵ�ƾƳřƹřźƟ�ƶŝ�řŹ��ƽŚƸƬƨƃÒŚţÎÔ����Żř�žě

�ƪǀƨƄţS3ƬŞţ� ƹ��ŢƿźƿŵźƧ� ƹ�ŢƿŻƺƫřŶƳō� � Źƺ��źŝ� ƮƧŚů�ƽŚƯŵ� ƹ� ŹŚƄƟ� Żř
ƾƯ�Ʊō�ƽŚƷ�ƶƳŚƄƳ�Żř�ƶƧ�Ţſř�ƵŶƃ�ƶŤſŚƧ�ŪƿŹŶţ�ƶŝ�ƶƤƐƴƯ��ƾƳƺĭźĭŵ�ƶŝ�Ʊřƺţ

Ư�ƵŶƳƹźººƀě�Ţǀţƺǀŝ��ŢƿƹƺƨƀƯ�ƪǀƨƄţ�ŜūƺƯ�ƶƧ��ƖƏŚƤƯ�Źŵ�ƵŶƃ�ƵŶƷŚƄ
ŵźƧ� ƵŹŚƃř� �Ţſř� ƵŶƃ�ƶƤƐƴƯ� Źŵ�ŢƿźƬƧ� ƹ� ��řŹ� ŚƯŵ� ƹ� ŹŚºƄƟ�ƂƷŚƧ�ƶƫŐƀƯ

ƾƯ��ƾƳƺĭźĭŵ�ƶƗƺưŬƯ�ŵƺƘƇ�ƹ�ƶƤƐƴƯ�Źŵ�ƾƄƄƧ�ƮƿĥŹ�Ʀƿ�ŹƺƸƓ�ƶŝ�Ʊřƺţ
�ƹ� ƽŵŚƗ� ƽŚƸƬƀĭ� ŵźƨƬưƗ� źŧř� źŝ� źţ� ƾŰƐſ� ƢƏŚƴƯ� ƽƺſ� ƶŝ� šŚſŹƺſ

ŵźƧ� ƶǀūƺţ� ƂƿŚºſźƟ� �� ƶūƺţ� ŚŝƐƯ� ƶŝƧŷ� ŜƫŚ� źººǀƀƯ� �ƵŶƃ� źP-T-t�

ºǀƀƯ� Ʀƿ� źºĮƳŚƄƳ� ƽŵŚƸƴƄǀěºưŬƯ� ƽřźŝ� ŵźĮŤƗŚſ� ź�ƾƳƺĭźĭŵ� ƶƗƺ
Ţſř�šŚſŹƺſ�Pmax =3/7Kbar, Tmax = 600�C)�(��ƪƨƃÎÐ����

��
�ƽźǀĭ�ƶŬǀŤƳ��

�ƹŵ�ŵŚŬƿř�ƵřźưƷ�ƶŝ�ƾƬƨƃźĭŵ�ƶƬůźƯ�ƹŵ��ƵŶƃ�ƭŚŬƳř�ƽŚƸǀſŹźŝ�ƶŝ�ƶūƺţ�Śŝ��

�żƿŚưŤƯ� ľǈƯŚƧ�ƾĭŹřƺºĭźŝ�ŮƐſ S2) ƹ (S1��ƪŝŚƣ�šŚſŹƺſ�ƶƗƺưŬƯ�Źŵ
Ţſř�ƆǀŴƄţ� ��ƾƬƨƃźĭŵ� Ʃƹř� ƶƬůźƯ (D1)�ƽŹŚŝ� ƱŚǀƯ� ŹŚŧō�šŹƺƇ� ƶŝ

ƮǀƤŤƀƯ�(S1)� ƶƤƐƴƯ� Ƶźǀģ� ƾĭŹřƺĭźŝ� Śŝ� ƱřƺŴưƷŚƳ� ƹ�(S2)�Źŵ�
Ţſř� ƵŶƃ� ƒƠů� ŢǀƫƹŹŚŤſř� ƹ� ŢƿŻƺƫřŶƳō� ƽŚƸŤƀƬŝƹźǀƟŹƺě� ��ƭƹŵ� ƶƬůźƯ

�ƾƬƨƃźĭŵ(D2)��Ʊō�Żř�žě�ƹ�ƵŶƃ�ƶƤƐƴƯ�Ƶźǀģ�ƾĭŹřƺĭźŝ�ŵŚŬƿř�ŦƗŚŝ�
�Ʀƿ�Ƶŵřŵ�Źřźƣ�źǀŧŚţ�ŢŰţ�řŹ�ƶƤƐƴƯ�ƾƳƺĭźĭŵ�ƽŚƸĮƴſ�ƵŶƳƹźƀě�ƾƳƺĭźĭŵ
Ţſř���

�º� ǇŚŝ� ŚƯŵ� �ƎſƺŤƯ� º� ƲǀƿŚě� ŹŚƄƟ� ƕƺƳ� Żř� šŚſŹƺſ� ƶƗƺºưŬƯ� ƾƳƺĭźĭŵ
�ƽǇŚŝ�ƱŚƿŵřźĭ��Ʀƿ�ŵƺūƹ�źººĮƳŚƄƳ� �ƾƳƺĭźĭŵ�ƕƺƳ�Ʋƿř�ƶƧ�Ƶŵƺŝ�ƎſƺŤƯ

Ţſř� ƶƤƐƴƯ� Źŵ�ƾƿŚƯźĭ�ƲǀƯŻ� ��ƾƿŚƯźĭ�ƲǀƯŻ� ƱŚƿŵřźººĭ� Ʋƿř� ŵƺūƹ�ŢƬƗ
Ɨ� źºǀƛƾƯ� řŹ� ƽŵŚ�Ƶŵƺţ� ŵƺūƹ� ƶŝ� Ʊřƺţ��ƪƯŚƗ� ƱřƺƴƗ� ƶŝ� ƽŷƺƠƳ� ƲƿŹŷō� ƽŚƷ

ŵřŵ�ŢŞƀƳ�ŚƯźĭ�ƩŚƤŤƳř����
Ƶŵƺţ�Ţſř�ŶǀƿƺŤǀƳřźĭ� ƕƺƳ� Żř� ƶƤƐƴƯ�ƽŷƺƠƳ�ƲƿŹŷō�ƽŚƷ� �Ƶŵƺţ�Ʋƿř��Żř� řŹ� ŚƷ

ƾƯ�ƾƿŚưĭŚƯ�º�ƾŤųŚſ�ƲǀƯŻ�ƵŚĮŤſŚų�ƵŚĭŶƿŵ��ƮǀƀƤţ�ƾƬƇř�ƶŤſŵ�ƶſ�ƶŝ�Ʊřƺţ
ŵźƧ��ưƷ�ƲƿŹŷō�ƽŚƸŤǀƫŚƘƟ�ƶŝ�ƍƺŝźƯ�Ʃƹř�ƶŤſŵ�ƾƿřżƷƺƧ�Śŝ�ƱŚƯżººº��ƶſŚţźƧ
�ǇŚŝ� �ƾŤŴƿŹźĭŵ�ƁźºŤƀĭ� Żř�žě� ƶƧ�Ţſř�� ƶǀƫƹř�(D1)�ƶŝ� �ŚƸĮƴſ� Źŵ�

ƵŵźƧ�ŷƺƠƳ�šŚſŹƺſ�ƶƗƺưŬƯ�ƱƹŹŵ�ŶƳř��ƾƯ�ŚƸŤǀƫŚƘƟ�Ʋƿř�ƽŚƿŚºººƤŝ�Żř��ƶŝ�Ʊřƺţ
�ƕƺƳ�žǀƴĭ�ŢǀƳřźĭSºų�ƽŚŤſƹŹ�śƺƴū�ƹ�ƩŚưƃ�ŵźƧ� ƵŹŚƃř�ƾƬƣ�ƱŚ� ��ƶŝ

ƾƬƨƃźĭŵ� ŻŚƟ�Ʀƿ��ŢǀƫŚƘƟ�Ʋƿř� ƩŚŞƳŵ��D2�ưŬƯ��ŵŹƺƯ�ƾƳƺĭźĭŵ� ƶƗƺº
��Ʊō� ƶŬǀŤƳ� Źŵƹ� ƵŵřŵŹřźƣ� ƽźǀưų� ƾƬƨƃźĭŵ� źǀŧŚţ� ŢŰţ� řŹ� ƶƘƫŚƐƯ

�ƶƤƐƴƯ�Ƶźǀģ�ƾĭŹřƺĭźºŝ (S2)Ţſř�ƵŶƃ�ŵŚŬƿř����žě�ƹ�ƾƿŚƸŤƳř�ƪůřźƯ�Źŵ
ŻřŻŚººƟ�Ʋƿř��ºţ�ƭƹŵ�ƶŤſŵ�ƾƬƨƃźĭŵƵŵƺ��ƱŚưƧ�ƲƿŹŷō�ƽŚƸŤǀƫŚƘƟ�ƶŝ�ƍƺŝźƯ��ŚƷ

Ţſř� ƵŵźƧ� ŷƺƠƳ� ƶººƤƐƴƯ� Źŵ� ƾƳŚƄƠƄţō� �ººƘƟ� Ʋƿř�ƪƯŚƃ� ƲƿŹŷō� ƽŚºƸŤǀƫŚ
ƕƺºººƳ� ƽŚºƸŤºǀºƳřźºĭ�I��Ƴřźĭºſƹ� ƾĤºƣŚºººĤǀě� ŢǀšŚºſŹƺ��ƹ�ƕƺƳS �

�ƾƿŚºǀƬƣ�ŢǀƳřźĭ� �ŶƴŤƀƷ� ��ƽŚƸŤǀƳřźĭ� ƶŝ� ƍƺŝźƯ� ƭƺºſ� Ƶƹźĭ�ƽŚƸŤǀƳřźºĭS�
ƾƯ� řŹ� ŚƸƳō� ƂƿřŶºǀě� ŢƬƗ� ƶƧ� Ƶŵƺŝ� ŵŹƺųźŝ� Żř� žě�śƹŷ� Ʊřƺţ��ƾƄŴŝ
ŝ�ƾƿŚƯźĭ�ƖŞƴƯ�Ʀƿ�ŷƺºƠƳ�ƪǀƫŵ�ƶŝ�ƾƿǇŚŝ�ƶŤſƺě�ƽŚƸĮƴſ�ŚƸƄŴŝ�Ʋƿř�ƱƹŹŵ�ƶ

ŵřŵ�ŢŞƀƳ����
ƸǀſŹźŝ� ŚºǀƟŹƺě� ƵŶưƗ� ƂŴŝ� ƶƧ� ŶƴƷŵ� ƾƯ� ƱŚƄƳ�ŢǀƫƹŹŚŤſř� ƽŚƸŤƀƬŝƹź

�ƶƤƐƴƯ�Ƶźººǀģ�ƾĭŹřƺĭźºŝ�ƪǀƨƄţ�Śŝ�ƱŚƯżưƷ (S2)ŶƳř�ƵŶƃ�ŵŚŬƿř����źƯř�Ʋƿř
� ƾĭŹřƺĭźŝ� ƪƨǀƄţ� Śŝ� ƱŚƯżưƷ� ƾƳƺĭźĭŵ� ũƹř� źºººĮƳŚƄƳS2��Żř� žě� ƹ

� ƾĭŹřƺĭźººŝ� ƪǀƨƄţS1ƹř� ƶƐƤƳ� ƶŝ� řŶŤŝř� ƶƧ� Ţſř�� ƁŹŚºƄƟ� ũ��ƪǀƨƄţ
ŢǀƫƹŹŚŤſř� ŢƀƬŝƹźǀƟŹƺě� ��ƹ� ŢƿźƿŵźƧ� ƽŚºƸǀººƳŚƧ� ƪººǀƨƄţ� Śŝ� žĜſ� ƹ

�Żř�žě�ƹ�ƱŚƯżưƷ�ŢƿŻƺƫřŶºººƳō S2�Żř�žě�ŢǀºƳŚưǀƬǀſ�ƽŚƸŤǀƫƹźǀƟ�ƹ�S2�ƶŝ�
�ŶſŹ�ƾƯ�ƾƿŚƯźĭ�ũƹř�ƶººƐƤƳ�Ƶŵƺţ�ŷƺºƠƳ�ƾƳŚƄƠƄţō�ƱŚưƧ�ƾŤǀƳřźĭ�ƽŚƷ����
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