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<7*!7� 91.8� 57*!@�� 5�63+�.� �� � +�51.�++8;1C51�2*91� 191�5� 61 2� <*57� 57*!@� -3 25/�1� !�:2� �.1��(��

*�51.61  1 � <*57� 57*�;61  1 � :�!@�=12� >	/��123� 15� �+��� �)�%?�� �71�  /<�; *:� 6�2*�� -�.=*���(��

.12:/�2*6+1�0/.�+�51�6�2*��!/�0*�1-1�5�*2��/5�:.121.91 �*��571�/35!./:�635�*5�!/3+ �61�.1:.121�51 �68��(#�

571��.�!!/�:�+�1/;7*=7�>	*=���?���($�

�71� /91.�++� 25.�5*=.�:7*!� 5.1� � .1!/. 1 � 68� 571��/551./� !��� 61� *�51.:.151 � �2� !/-:.*2*�=� �� 0*.25��(%�

:7�21�*��<7*!7�571�28251-� 191+/:1 ��2����3�!/�0*�1 ��� �.� *�+;27�:1 �6�2*��0+//.�0���<*57�571��(&�

6�2*�� 6/3� �.*12� /352* 1� /0� 571� �!53�+� /35!./:� �.1��� �*57� ��../<*�=� /0� 571� 5.1�!7�  31� 5/� 28�;�('�

21 *-1�5�.8�3:+*05�/0�571��+:*�1��!!.15*/��.8�:.*2-��+/!�+�2362* 1�!1��� �:./=.122*91�!/�0*�1-1�5��((�

/0� 571�  *25�+� 21!5/.2� /0� 571� 6�2*�� /!!3..1 �� 635� 571� :./C*-�+� 0��� �.1��</3+ � 25*++� 7�91� .1-�*�1 ��))�

.1+�5*91+8�3�!/�0*�1 �>
*+21��J��66�51���('#D�	/��123���)�%?���71�:.121�!1��5��/551./���5*-1�/0��)��

21:�.�51� *25�+�6�2*�� 1:/!1�51.2�57�5�!���/5�61�1�2*+8�!/..1+�51 �>��.*�*���((�D��((#?�-*=75�.10+1!5��)��

�!5*91� 21=-1�5�5*/��/0� 571� 5.1�!7�6�2*�� 3.*�=� 191+/:-1�5�/0� 571� �!!.15*/��.8�:.*2-� >	/��123���)��

�)�%?�3�5*+�*5�0*��++8�!/++�:21 �*�5/�571�5.1�!7�!�32*�=�571�.1=*/��+�1./2*91�3�!/�0/.-*58��5�571�6�21��)#�

/0�571�!7�/5*!� 1:/2*52�/0��*�*1551�����3�*5�>	*=��#?���)$�

(A)� DATASET AND METHODOLOGY �)%�

�6/35�$�))�-15.12�/0�21 *-1�5�.8�+/=2�7�91�611��!/++1!51 �0./-�571�2*C�/35!./:�+/!�+*5*12�>	*=2����)&�

�� �#?��#�)&�-15.12�/0�<7*!7�<1.1�-1�23.1 �61 ;68;61 ��5���!-�.12/+35*/��-�*�+8�32*�=���O�!/6N2��)'�

25�00�>1�=������$�-15.1�7*=7�./ �1G3*::1 �<*57���!+*�/-151.��� ���0+�5�2*=75*�=� *2!?���71�.1-�*�*�=��)(�

!���'))�-15.12�/0�+/=2�<1.1� .�<��68�32*�=�:7/5/-/2�*!2�/0�*��!!122*6+1�!+*00�21!5*/�2���1!�321���)�

-/25�/0�571�!/�25�+�21!5*/�2�!./:;/35�/��91.5*!�+�!+*002��� �571�61  *�=�*2�/051��91.5*!�+�/.�2511:+8�����
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�

 *::*�=�� 571� +�51.�+� 1C:/23.1� *2� �/�-/.1� 57���$)�-151.2� *��-/25� !�212����� 1C!1:5*/�� *2� 571� �.1������

�./3� ��/�51./22/��<71.1�61 2�!���61�5.�!1 �/��91.5*!�+�!+*002�+�51.�++8�0/.��6/35�#))�-15.12���71�����

�/551./� ��� 25/�1� 	/.-�5*/�� !��� 61�-�::1 � 0./-��/�1=+*�� 5/��5�� ��-�!15/� �2� �� !/�5*�3/32���#�

6/ 8�/��571�+*-62�/0���.1=*/��+�28�!+*�1�<*57�571��*�*1551��7�+12��5�*52�!/.1�>��.*�*���((�D���../�*���$�

15��+����))#?�>	*=���?��
191.571+122�571�1C:/23.1�*2�91.8�://.�615<11��57121�5</�+/!�+*5*12��<*57�571���%�

1C!1:5*/�� /0� ��� �6�� /�1 � G3�..8� +/!�51 � *�� �1..�./22�� <71.1� �6/35� �#)� -15.12� /0� �/551./���&�

��� 25/�12� !./:� /35�� �71�-/25� 2:1!5�!3+�.� 1C:/23.12� /0� 571��/551./� 28251-� �.1� +/!�51 � /���5����'�

��-�!15/�>��2�1 *���('�D���.*�*���((#D�	/��123�15��+����)�$D��)�%?�<71.1�571�1�5*.1�23!!122*/����(�

!���61�+/==1 �/91.���5/5�+�57*!@�122�/0��)&$�-�>	*=��$?���71�3::1.-/25�&�$�-�/0�571��/551./�!�����)�

61� 5.�!1 �0/.��6/35�#�@*+/-15.12� *����
;�� *.1!5*/���� �61 ;68;61 �!/..1+�5*/�2�<1.1�125�6+*271 �����

615<11��1*=75�-1�23.1 � 25.�5*=.�:7*!� +/=2���71� 23!!122*/�� �5��5����-�!15/� *2� /91.53.�1 � >�:�.5�����

0./-�571�2/3571.�-/25�21!5*/�?�61*�=�-/25+8�/��571�*�91.51 �+*-6�/0���.1=*/��+�28�!+*�1�>��2�1 *������

�('�D���../�*���((�D���../�*�15��+����))#?���71��5����55���/551./�23!!122*/��*2�'�)�-�57*!@��� ���#�

+/!�51 �2+*=75+8�/00;�C*2�<*57�.12:1!5�5/�571�!./22;21!5*/��27/<��*��	*=��#����-:+12�<1.1�!/++1!51 ���$�

0./-� 2:1!*0*!� 786.* � 191�5� 61 2� �� � 571*.� *�51.��+� 51C53.1� 7�2� 611�� ���+821 � <*57� /:5*!�+���%�

-*!./2!/:8� >��� 57*�;21!5*/�2?�� �+�8� !/�51�5� �� � 0.�-1</.@� -*�1.�+/=8� 7�2� 611�� G3��5*0*1 ���&�

:15./=.�:7*!�++8�68�:/*�5�!/3�5*�=�>$))�:/*�52�:1.�21!5*/�?����'�

(A)� BED TYPES AND HYBRID EVENT BED CHARACTER ��(�

�71� �/551./� 28251-� *�!+3 12� �� <* 1� .��=1� /0� =.�9*58� 0+/<�  1:/2*52� .��=*�=� 0./-� +�.=1� -�22;��)�

5.��2:/.5�  1:/2*52��  16.*512�� 7*=7� �� � +/<; 1�2*58� 53.6* *512�� +*-125/�1� 61 2� 57./3=7� 5/� �� +�.=1�����

9�.*158� /0� 786.* � 191�5� 61 2�� �71� <* 1� .��=1� *�� =.�*�;2*H1� �9�*+�6+1� *�� 571� 28251-� >
*+21�� J�����

�66�51���('#?��.��=*�=�0./-�6/3+ 1.2�5/�91.8�0*�1�2�� ��� �2*+5��-1��2�57�5�571.1�*2���<* 1�9�.*158�����

/0� 0�!*12� 58:12� *��  1:/2*52� 61+/�=*�=� 5/�  *001.1�5� 236;1�9*./�-1�52�� 	*91� 61 � 58:1� =./3:2� �.1���#�

 *25*�=3*271 ,�  16.*512�� ���2D� =.�91++8� 7*=7; 1�2*58� 53.6* *512�� ����2D� 7*=7; 1�2*58� 53.6* *512D���$�

���2D� -3 25/�1;!+�25� .*!7� 61 2�� ���2D� +/<; 1�2*58� 53.6* *512�� ���2D� +*-125/�1� 61 2�� �D� �� ���%�

786.* �191�5�61 2�����2?�>��6���?���7*2�:�:1.�0/!3212�/��571�!7�.�!51.�/0�571�786.* �191�5�61 2���&�

>���2?��<7*!7� �.1� 571.10/.1�  12!.*61 � *��-/.1�  15�*+���1!�321� 571� 1�5.�*�-1�5� /0�-3 � !+�252� *2���'�
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�)�

�

!/�2* 1.1 ����*-:/.5��5�:./!122�*��571*.�0/.-�5*/�������  *5*/��+�61 �58:1�!+�22�51.-1 �Q-3 25/�1���(�

!+�25� .*!7� 61 2R� >���2?� *2� �+2/�  10*�1 � 5/� *�!+3 1� 7*=7; 1�2*58� 53.6* *512� !�..8*�=� �63� ��5��#)�

-3 25/�1�!+�252�323�++8�!+3251.1 �*��571�3::1.-/25�25.3!53.1+122�61 �:/.5*/��>211��355*�J�
*+21����#��

�('�D� �/25-�� 15� �+��� �(''D� 	/��123� 15� �+��� �)�$?�� 
�+*@1� 2/-1� 58:12� /0� 786.* � 191�5� 61 2���#��

-3 25/�1�!+�252�*�����2��.1�=1�1.�++8�+122� 1�21+8�:�!@1 ��� ��.1� *2:1.21 �*����!+1���2�� 25/�1��#��

*�251� �/0���!+�8;1�.*!71 �2�� 25/�1�����571� *25�+�!/�0*�1 �:�.5�/0�571�28251-��-3 25/�1�!+�25;.*!7��##�

61 2�27/<�5�63+�.�=1/-15.*12��� ��.1�0/3� �*��!+/21�2:�5*�+��22/!*�5*/��<*57�-3 25/�1�!+�25;.*!7��#$�

786.* �191�5�61 2�>	/��123�15��+����)�$?���71.10/.1�5718��.1�+*@1+8� 5/�.1:.121�5� 1:/2*52�/0�0+/<2��#%�

 3.*�=�571�1�.+8�25�=12�/0�786.* �0+/<� 191+/:-1�5���#&�

�"����������	�
���������%"����#'�

�86.* �191�5�61 2��.1�!7�.�!51.*21 �68���91.5*!�+��22/!*�5*/��/0���6�2�+�!+1���>*�51.25*5*�+;!+�8�://.?��#(�

�� � -/25+8� 25.3!53.1+122� 2�� 25/�1� >51.-1 � ��� 68� ��3=75/�� 15� �+��� �))(?� �� � �.=*++�!1/32��$)�

2�� 25/�1� >!/--/�+8� <*57� �� 2<*.+1 � 0�6.*!� /.� !7�/5*!� �::1�.��!1?� *�� <7*!7� 571.1� �.1� 9�.*�6+1��$��

!/�!1�5.�5*/�2� /0� -3 25/�1� !+�252� �� � 271�.1 � 2�� � :�5!712� >��?�� �571.�  *9*2*/�2� !��� �+2/� 61��$��

0/3� �635��.1��/5��+<�82�:.121�5�>��3=75/��15��+����)�)D���++*�=���)��?�23!7��2,����*�51.9�+�<*57��$��

2!�551.1 �-3 25/�1�!+�252��5�571�5.��2*5*/��615<11��571�!+1����� ��.=*++�!1/32�2�� 25/�1�>��6?D�����$#�

*�51.9�+� !/-:.*2*�=� �+51.��5*�=� :�+1.� �� �  �.@1.� 2�� 25/�1� 6�� 2� >��?D� �� 0*�1S91.8� 0*�1� =.�*�1 ��$$�

:�.�++1+�5/�.*::+1�+�-*��51 � *9*2*/�� 1:/2*51 �/��5/:�/0�571��.=*++�!1/32�2�� 25/�1�>�#?D��� ���2*+58��$%�

-3 25/�1�!�:�>�$?���7121�0�!*12��.1��191.�/621.91 �*�����*�91.21�/.� *001.1�5�/. 1.���1!�321�571��$&�

��� *9*2*/�� 51� 2� 5/�61� 57*���� �:*�!7�/35� *�� *25�+��� � +�51.�+� +/!�5*/�2� >��3=75/��15��+����))�D��$'�

�-8�J���++*�=���))%?�*5�*2�:/22*6+1�57�5�2/-1�786.* �191�5�61 2��.1�1C:.1221 �E325��2��.=*++�!1/32��$(�

2�� 25/�1� 0�!*12� >��?� >��9*2� 15� �+��� �))(?� !�::1 � 68� �� 0*�1;=.�*�1 � 25.3!53.1 � 2�� 25/�1� >�#?���%)�

�86.* �191�5�61 2��.1�71.1�!+�22*0*1 �-�*�+8�/��571�6�2*2�/0�571�51C53.1�/0�571���� *9*2*/���� �/0��%��

571� 2*H1��� �27�:1�/0� 571�!+�252�<*57*�� *5����� *9*2*/�2� 27/<��� .��=1� *�� 51.-2�/0� 571� *�51�2*58�/0��%��

2/05;21 *-1�5� 10/.-�5*/���.��=*�=�0./-�*�5�!5�23625.�51�6+/!@2�5/���<1++;-*C1 ��.=*++�!1/32�2�� ���%��

:�22*�=� 57./3=7�  10/.-1 � 2+3-:;+*@1� �� �-3 25/�1� !+�25;.*!7� 51C53.12� 0./-�<7*!7� 2:1!*0*!� 236;�%#�

0�!*12� �.1�  *25*�=3*271 � >	*=�� %?���571.� !7�.�!51.2� 23!7� �2� 61 � 57*!@�122�� :.121�!1� /0���� /.��#��%$�
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 *9*2*/�2��� � 58:1�/0� 2/+1� 25.3!53.12��.1�321 ��2� !/-:+1-1�5�.8�!.*51.*�� >��6���?���71���� 0�!*12��%%�

58:12�0/.-���!/�5*�33-�0./-�<7*!7�2*C�.1:.121�5�5*91�61 �58:12�7�91�611��* 1�5*0*1 �9�.8*�=�0./-��%&�

���;��5/����;%�>	*=��%?���1 �58:1�!+�22*0*!�5*/��.101.2�5/�571��2:1!5�/0���61 �*��/�1�+/!�5*/��635��%'�

*� *9* 3�+� 61 2� !��� !7��=1� 0./-�/�1� 58:1� 5/� ��/571.�/91.� �� .1+�5*91+8� 27/.5�  *25��!1� >�/ =2/����%(�

�))(D�	/��123�15��+����)�$?��+/�=�+�51.�+�/.�+/�=*53 *��+�0�!*12�5.�!52�>211��355*���((�D��355*�15��+����&)�

�))�?���&��

(C) HEB-1 �&��

3���4��.1�91.8�57*!@�5.*:�.5*51�191�5�61 2�>)�%)�;�%�')�-�57*!@D��91.�=1������-?�!7�.�!51.*21 �68��&��

571�:.121�!1�/0� +�.=1��� �.1+�5*91+8�3� 10/.-1 �23625.�51�.�052� >61  *�=;:�.�++1+��1+/�=�51 �2+�62��&#�

<*57�+/�=��C12�-3!7�=.1�51.�57���571�61 �57*!@�122D�)�$�;���-�57*!@��� �3:�5/��)�-�+/�=?���71�.�052��&$�

�.1� 23::/.51 � 68� �� ://.+8;2/.51 �� !/�.21;� 5/� 0*�1;=.�*�1 � 2�� 25/�1� -�5.*C� *�!+3 *�=� -3 25/�1��&%�

!7*:2��-3 ;://.� 2�� � :�5!712� �� � 2�� � *�E1!5*/�2�� �3625.�51� .�052� !��� 61�  �.@�-3 25/�1� >��?�/.��&&�

61 ;:�.�++1+� /.� =1�5+8�  *::*�=� 57*�;61  1 � 2�� 25/�1;-3 25/�1� 3�*52� *�� 2/-1� !�212� <*57� 57*���&'�

+*-125/�1�61 2�>��?�>	*=��%?����51.�+�61 �!/..1+�5*/�2�7*=7+*=75�57�5�571�6�21�/0�57121�61 2�*2�/051���&(�

1./2*91D� :./ 3!*�=� �� 5/� �� -�  11:� �� � �))2� /0� -15.12� <* 1� 2!/3.� 01�53.12�� �71� 58:1� /0� .�05��')�

!/�5�*�1 �*��571���� *9*2*/��!���/051��61�-�5!71 �5/�571�23625.�51�1�!/3�51.1 � *.1!5+8�61�1�57�571��'��

191�5� 61 � <71�� *5� *2� 5.�!1 � +�51.�++8� 5/� +122�  11:+8� 1./ 1 � 21!5/.2�� �732� 571� :.121�!1� /0� .�052��'��

!/-:.*2*�=�-3 25/�12�<*57�57*�;61  1 �2�� 25/�1�*2�58:*!�+�/0�191�5�61 2�57�5�/91.+*1�2*-*+�.�����'��

2*53� 57*�;61  1 � 21!5*/�2�� <71.1�2� -3 25/�1� .�052� �.1� 323�++8� 0/3� � *�����2� 57�5� /91.+*1� 57*!@��'#�

-3 25/�1�!�:2�/0�1�.+*1.�191�5�61 2�>	/��123�15��+����)�%?���3625.�51�.�052�323�++8��!!3-3+�51��5��'$�

571�6�21�/0�571���� *9*2*/��<*57�571*.�+/�=1.��C12��+*=�1 �-/25+8�:�.�++1+�5/�61  *�=���71*.�3::1.��'%�

�� � +/<1.� -�.=*�2� 7�91� =1�1.�++8� 27�.:� !/�5�!52� <*57� 571� 23../3� *�=� 2�� ;.*!7� -�5.*C� /.� 571��'&�

3� 1.+8*�=� 2�� 25/�1� 635� 571*.� +�51.�+� 1 =12� !��� 2/-15*-12� 61�  10/.-1 �� 0.�81 � /.� :.121.91 ��''�

6.1�@*�=�*�5/� *2!.151�2-�++1.�-3 25/�1�!+�252���71�3� 1.+8*�=����6�2�+� *9*2*/��*2���91.8;!/�.21��'(�
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����	�5��2*++�01�53.12��($�

:.101.1�5*�++8�  191+/:1 � �5� 571� 6/3� �.8� 615<11�� 571� ��� �� � �#�  *9*2*/�2� >211� I��325� 15� �+����(%�
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!./22;!35�571�.�052��� �571�2�� 8�-�5.*C�/0�571���� *9*2*/��635� /��/5�!./22�571�6/3� �.8�615<11���('�

571������ ��#� *9*2*/�2���71�1001!52�/0� 1<�51.*�=�:./!12212��.1��+2/�19* 1�5�*��571�51C53.1�/0�571��((�

���2�� 25/�1�<*57�236;91.5*!�+�635�!3.91 � 1<�51.*�=�271152�:.101.1�5*�++8�/621.91 �<71��571�5/:��))�

5/� ��� *2�  /-1;27�:1 � /.� *2� +/!�++8�  1:.1221 �� �71� �#�  *9*2*/�� �� � 571� �$� -3 25/�1� !�:� �.1��)��

323�++8�<1++; 191+/:1 ���#�*2�:.121�5�*��(#B�/0����;��61 2��� �*2�!7�.�!51.*21 �68���0*�1;=.�*�1 ��)��

+�-*��51 ��� S/.�.*::+1 �2�� 25/�1� *9*2*/��>58:*!�++8��6/35��$�!-�57*!@?�<*57���91.8�*..1=3+�.�6�21��)��

�� � 0+�5� 5/:�� �/� *�=� 25.3!53.12�<*57� ��-;2!�+1�<�91+1�=57� �� � 0*�1;=.�*�1 � 2�� 25/�1���		� �����)#�

$�		�6�25.3!53.12� 1.*91 �0./-�571��#�3�*5��.1�!/--/�+8�/621.91 �0/3� 1.*�=�*�5/�571����-3  *1.��)$�

 *9*2*/��� 12:1!*�++8�<71.1� 571�-3 �!/�51�5� *����� *2� 7*=71.� >��5�!!*� 15� �+��� �)�#D�	/��123� 15� �+����)%�

�)�$D��*�51..*�15��+����)�%?���71�61 2�!./::*�=�/35�*��571�3::1.�:�.5�/0��5����-�!15/�23!!122*/���)&�

!����+2/�!/�5�*��3�323�++8�57*!@��#� *9*2*/�2�*�!+3 *�=�.1:15*5*/�2�/0�25.3!53.1+122��� �+�-*��51 ��)'�

*�51.9�+2�� �$� *�51.9�+2� !/-:/21 � /0� �� 2*+58� 7/-/=1�/32� 0�!*12� �� � �� 91.8� 57*!@� -3 25/�1� !�:��)(�

>2/-15*-12� �6/91� ��-� 57*!@?�� �71� 2�-1� !7�.�!51.� *2� 27�.1 � 68� /571.����� 58:12� >���;�� 5/� #?���)�

:.121�5�*��571�2�-1�25.�5*=.�:7*!�*�51.9�+������

(C) HEB-2 ����

3���+�61 2��.1�91.8�57*!@��5.*:�.5*51�191�5�61 2�>)�#)�;�(�$&�-�57*!@D��91.�=1����&�-?�!7�.�!51.*21 �����

68� �� 7151./=1�1/32� �� � !7�/5*!� ���  *9*2*/��� �7*2� *2� -� 1� 3:� /0� 0/+ 1 � :*1!12� /0� 57*�;61  1 ���#�

25.�5*=.�:78�>��?�/.�68���!/-:+1C�2�� ;*�E1!5*/���15</.@�>���?�215�*����-3 ;.*!7�-�5.*C�>	*=��%?����$�

�/57�0�!*12�!���61�*�51.:.151 ��2����� 9��!1 � 10/.-�5*/��25�=1�/0�7151./+*57*!�/.�-3 25/�1�2+�62���%�

.12:1!5*91+8� >	/��123� 15� �+��� �)�%?�� �12:*51� 571*.� !7�/5*!� �::1�.��!1�� 57121� 61 2� !��� 61���&�

 *25*�=3*271 � 0./-� =.�9*5�5*/��+� 2+3-:�  1:/2*52� 61!�321� 5718� �.1� !/�2*251�5+8� �22/!*�51 � <*57� ����'�

57*!@�2�� 8�6�21�>��?��� ���+�-*��51 �=.� 1 �2�� 8�5/:�>�#?���� �61!�321�5718�:�22�+�51.�++8�*�5/���(�
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.*!7�-�5.*C� *��:�.5�:./ 3!1 �68�2G311H1 �-3 ;.*!7�6+/!@2���/-1�/0� 571�-3 25/�1��::1�.2� 5/�61���&�

!/-:/21 �/0� .1+�5*91+8�3� 10/.-1 �6+/!@2���/<191.�� *��/571.� *�25��!12� 571�-3 25/�1��::1�.2� 5/���'�

7�91� 617�91 � *�� �� -/.1� :+�25*!� <�8� �� � *5� 211-2� 5/� 61� �22/!*�51 � <*57� 0/+ *�=� 7�9*�=� 61*�=���(�

*�E1!51 � 68� 2�� � �+/�=� 0/+ � �C*�+� :+��12� /.� 271�.1 � /35� �+/�=� 0/+ � +*-62�� ��� /571.� !�212�� 571���)�
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(C) HEB-3 ��&�
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(C) HEB-5 �&��

3���7� �.1� 191�5� 61 2� .��=*�=� 0./-� )�)$� 5/� ��#)�-� *�� 57*!@�122� >�91.�=1� )�##�-?�<*57� 571�����&#�
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>	*=��%?���71�-�5.*C�*2�1�.*!71 �*��!+�8�>�$;�&�B?��2�<1++��2�78 .�3+*!�++8�M+*=75N�!/-:/�1�52�23!7��&%�

�2�-*!��0+�@12��!+�8�0+/!2��� �/.=��*!�-�551.��<7*!7�=1�1.�++8�51� �5/�!/�!1�5.�51�5/<�. �571�5/:�/0��&&�

571���� *9*2*/��>	*=��&?���71�!/�5�!5�615<11��571������ ���� *9*2*/�2�*2�27�.:�*��571�-�E/.*58�/0��&'�

571�!�212�635� *���� 01<�61 2����� *�51.91�*�=�6�� 1 ���� *9*2*/�� *2� 191+/:1 � *�� 571�0/.-�/0� �.@��&(�

!+�8;:./�1� 2�� 8� +�81.2� �+51.��5*�=� <*57� +*=751.� 0*�1;=.�*�1 � !+1��1.� 2�� 8� *�51.9�+2� >�/<1� �� ��')�
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=.� 1 ��!/�.21�5/�-1 *3-�=.�*�1 �2�� 25/�1���71�61 �6�21�*2�=1�1.�++8�27�.:�� 1!/.�51 �<*57�6/57��'��

=.//912��� �0+3512�� 571�+�551.�=1�1.�++8��621�5�*�� 571�/571.�786.* �191�5�61 �58:12�������01<�!�212��'��

���;$�61 2� /��/5�7�91���6�2�+����2�� 25/�1��� �571���� *9*2*/�� /-*��512�571�191�5�61 ���71��'#�

�#�  *9*2*/�� *2� �/5� 28251-�5*!�++8�  191+/:1 � >/!!3..*�=� *�� /�+8� #'B� /0� 61 2?�� 
191.571+122���'$�

<71�191.� �#� *2� :.121�5�� *5� 0/.-2� �� 57*�� :+���.� /.� .*::+1;+�-*��51 � 3�*5� !�::*�=� 571� 61 � 57�5��'%�

!/--/�+8� +/� 2� �� � 0/3� 1.2� *�5/� 571� ��� �.=*++�!1/32� 2�� � 61+/<�� <*57� ��� �22/!*�51 ��'&�

 191+/:-1�5�/0�:213 /�/ 3+12���''�

(C) HEB-6 �'(�

3���8��.1� �� .1+�5*91+8�3�!/--/�� 58:1�/0�786.* � 191�5�61 ���718�7�91� ��� �91.�=1� 57*!@�122�/0��()�

/�+8�)���-�>)����5/�)�&$�-?��� ��.1� *25*�=3*271 �0./-��++� 571�/571.�786.* �61 �58:12�*��57�5�571��(��

6�2�+� *9*2*/��*2���0*�1;=.�*�1 �:�.�++1+�/.�.*::+1�+�-*��51 �2�� 25/�1�/91.+�*��68���<1�@+8�=.� 1 ��(��

0*�1;2�� 25/�1� 5/� !+�8;1�.*!71 � 0*�1;=.�*�1 � 2�� 25/�1� >��?� >	*=�� %?�� �71� 61 � 7�2� ��� 3:<�. ��(��

5.��2*5*/�� *.1!5+8�5/��� �.@�!�::*�=�-3 25/�1���(#�

(C) Hybrid event bed morphometrics �($�

�+57/3=7�571��/551./�786.* �191�5�61 2�!���61��22*=�1 �5/�/�1�/0�2*C�58:12�=3* 1 �-�*�+8�68�571��(%�

!7�.�!51.�/0�571*.���� *9*2*/�2�� �5��27/<���!+1�.�!/..1+�5*/��615<11������58:1��� �571*.��91.�=1��(&�

�� �-�C*-3-� 57*!@�122� >��6�� �D� 	*=�� '�?�� �5� !��� 61� /621.91 � 57�5� 61 2� 0./-����;�� 5/����;%��('�

0/++/<���57*��*�=�5.1� ��<*57����;$��� ����;%�61*�=�-3!7�57*��1.�57���571�/571.�58:12�����571��((�
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�%�

�

/571.�7�� �� �� !+1�.� .1+�5*/�27*:�615<11�� 571� .�5*/�/0���� 5/���� 57*!@�12212� �� ����� 58:1� *2� �/5�#))�

/621.91 �>	*=��'�?�����;��211-2�5/�7�91���7*=71.�9�.*�6*+*58�/0���S���.�5*/��<*57���+�.=1.��3-61.�#)��

/0�61 2�<*57�.1+�5*91�57*����� *9*2*/�2�����;$�61 2�-/.1�!/--/�+8�+�!@������� *9*2*/���#)��

(C) Interpretation #)��

�71�9�.*�6*+*58� *��571�786.* �191�5�!7�.�!51.�/621.91 � *��571��/551./�28251-��� �!�:53.1 �68� 571�#)#�

2*C;0/+ � !+�22*0*!�5*/�� 2!71-1� *2� !/-:�.�6+1� <*57� 571� 61 � -/ 1+�  12!.*61 � 68� ��3=75/�� 15� �+���#)$�

>�))(?���71�786.* �191�5�61 2� 12!.*61 ��6/91��.1�*�51.:.151 ��2�571� 1:/2*52�+105�68�571�:�22�=1�/0�#)%�

*� *9* 3�+� 0+/<2�� 571� .71/+/=8� /0� <7*!7� 19/+91 � 0./-� 61*�=� ://.+8� !/712*91� �� � 1221�5*�++8�#)&�

53.63+1�5�5/�61*�=�-/.1�!/712*91��� �53.63+1�!1;23::.1221 �>��3=75/��15��+����))(?���2� *2!3221 �#)'�

61+/<��571�.��=1�/0�61 �58:12�*2�57/3=75�5/�.10+1!5�571�9�.*�6+1�-���1.�/0�-3 �1�5.�*�-1�5��571�<�8�#)(�

*��<7*!7�571�0+/<�<�2�:�.5*5*/�1 �.71/+/=*!�++8���� �571�-1!7��*2-�/0�53.63+1�!1� �-:*�=��>���2�#�)�

15��+����))(D��)��D���5�!!*�15��+����)�#D�	/��123�15��+����)�$D��)�%?��#���

�71�6�2�+� 25.3!53.1+122�/.�<1�@+8� 25.�5*0*1 ���� 2�� 25/�1� *2� *�51.:.151 � �2�  1:/2*51 � 68� �� 2�� 8�#���

7*=7;!/�!1�5.�5*/�� 53.6* *58� !3..1�5� >��3=75/�� 15� �+��� �))�D� �))(?�� �1:/2*5*/�� <�2� :./6�6+8�#���

!7�.�!51.*21 �68���7*=7;.�51�/0�21 *-1�5�0�++/35��!�32*�=� 571�*�51�21� 1<�51.*�=�/621.91 � *��-/25�#�#�

��� *9*2*/�2��� �571�2�� ;*�E1!5*/�2�*�5/�571�/91.+8*�=���� *9*2*/�D�571�2�� 8�6�2�+� *9*2*/�2�<1.1�#�$�

:./�1� 5/� +*G310�!5*/�� <71��  8��-*!�++8� +/� 1 � 68� 571� ���  *9*2*/�2�� �71� �/.-�+� /.� !/�.21;5�*+�#�%�

=.� *�=� �� � 571� /!!�2*/��+� :.121�!1� /0� 5.�!5*/�� 25.3!53.12� 23==125� 57�5� 571.1� <1.1� �+2/� :7�212�#�&�

 3.*�=�<7*!7� +�81.;68;+�81.� 1:/2*5*/��3� 1.� 5.�!5*/���� �7*� 1.1 �2155+*�=� 0./-����/�;!/712*91�#�'�

0+/<� /-*��51 �>I�1++1.�J��.���18���(($?���71��.=*++�!1/32�2�� 25/�1� *9*2*/�2�>��?�<*57�571*.�#�(�

9�.*158� /0� !7�/5*!� /.� <1�@+8;/.=��*21 � -3 25/�1� �� � 7151./+*57*!� !+�252�� 27/<� 19* 1�!1� /0� ���#�)�

������  1:/2*5*/��� �1:/2*5*/�� /0� 571� ��� !+�8;1�.*!71 � 2�� 25/�12� *2� *�51.:.151 � 5/� 61� .1+�51 � 5/�#���

57.11� -�*�� :./!12212,� �?� ��:* � 1�5.�*�-1�5� /0� +�.=1� G3��5*5*12� /0� -3 ;.*!7� 23625.�51� -�51.*�+�#���

<7*!7�61!�-1�:�.5*�++8� *2�==.1=�51 �*����271�.*�=��1�.;61 �+�81.�>��3=75/��15��+����))(D�	/��123�#���

15��+����)�$D��)�%?���?�L1.5*!�+�5/:; /<��5.��20/.-�5*/��0./-�53.6* *58�!3..1�5�5/� 16.*2�0+/<� 31�5/�#�#�

.�:* � 0+/<�  1!1+1.�5*/�� >�3-�1.� 15� �+��� �))(D� ���2� 15� �+��� �))(D� I��1� J� �/�5K��� �)��?�� �?�#�$�

�/�=*53 *��+� 5.��20/.-�5*/�� 31� 5/� +�51.�+�78 ./ 8��-*!�0.�!5*/��5*/��/0�!+�8��� �0+�@8�:�.5*!+12�#�%�
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�&�

�

>��3=75/�� 15� �+��� �))(D� �8+12� 15� �+��� �)��?�� �71� 0*.25� :./!122� *2� 57/3=75� 5/� 61� .12:/�2*6+1� 0/.�#�&�

0/.-�5*/��/0����;�� 5/����;#�61 2���71� 21!/� ��� � 571� 57*. �:./!12212� �.1� *�51.:.151 � 5/�7�91�#�'�

/:1.�51 ��*��571�!�21�/0����;$��� ����;%�61 2���#�(�

��.71/+/=8�!7��=1�615<11��571�53.63+1�5�0+/<�.12:/�2*6+1�0/.�571� 1:/2*5*/��/0�571�6�2�+�2�� 25/�1�#�)�

>��?���� � 571�-/25+8�!/712*91� +�-*��.�0+/<� 1:/2*5*�=� 571���� *9*2*/���!���61� *�01..1 �0./-� 571�#���

:.121�!1� /0� :./=.122*91+8� -/.1� �63� ��5� -3 25/�1� !+�252� 91.5*!�++8� *�� 571� 61 � >*�!+3 *�=� 571�#���

 191+/:-1�5�/0���6?���71� !+�252�-*=75�7�91�611��@1:5� *�� 232:1�2*/�� *�� 571�3::1.� �� � .1�.<�. �#���

:�.5� /0� 571�  1�21� 0+/<�  31� 5/� 571*.� +/<�  1�2*58� �� � .123+5*�=� 63/8��!8� >�355*�J�
*+21��� �('�D�#�#�

�/25-��15��+����(''?���+51.��5*91+8�� �� � +122�!/--/�+8�� 571� 0+/<2�/2!*++�51 �615<11���� 0.*!5*/��+�#�$�

�� ���+�-*��.�!/� *5*/���+1� *�=�5/�571�0/.-�5*/��/0���6�� 1 �*�51.9�+�>���P��/<1�J��38���)))D�#�%�

��3=75/�� 15� �+��� �))(D� ���2� 15� �+��� �)��?�� �71� !/--/�� :.121�!1� /0� ��� /91.+8*�=� =.� 1 � �� �#�&�

+�-*��51 ��#� *9*2*/��=.� *�=�*�5/���-3 25/�1�!�:�>�$?�23==1252�571�.1;125�6+*27-1�5�/0�53.63+1�5�#�'�

0+/<�!/� *5*/�2�0./-���5.�*+*�=�<�@1�0/++/<1 �68�21 *-1�5�0�++/35�0./-�571�232:1�2*/��!+/3 ���71�#�(�

=1/-15.8�/0�571��#� *9*2*/��-�8�.10+1!5�571�.71/+/=8�/0�571�E325; 1:/2*51 �3� 1.+8*�=���� *9*2*/��##)�

>	/��123�15��+����)�$D��*�51..*�15��+����)�%?���/� 1 �/.�0/3� 1.1 ��#� *9*2*/�2�-*=75�61�:./ 3!1 �##��

68� 571�<�@12� 5/� 0+/<2� 1!1+1.�5*�=�/����91.8�7151./=1�1/32��:+�25*!� �� �-3 ;.*!7���� 1:/2*5D� ��##��

:+���.�6/3� �.8�23==1252���-/.1�7/-/=1�/32��� �21-*;.*=* �617�9*/3.���##��

(A)� FACIES ASSOCIATIONS AND SUB-ENVIRONMENTS ###�

�86.* �191�5�61 2��� �/571.�21 *-1�5�=.�9*58�0+/<� 1:/2*52��.1� *91.21+8�25�!@1 �57./3=7/35� 571�##$�

�/551./�28251-�635�!���61�=./3:1 �*��2:1!*0*!�0�!*12��22/!*�5*/�2��	/++/<*�=�571��::./�!7�/0��355*�##%�

�� ��*!!*��3!!7*�>�(&�?�>211��+2/��355*�J�
/.-�.@���('&D��((�?��1�!7�0�!*12��22/!*�5*/��!���61�##&�

!/�2* 1.1 � 571� 25.�5*=.�:7*!� 1C:.122*/�� /0� �� 2:1!*0*!� 236;1�9*./�-1�5�<*57*�� �� 53.6* *51� 28251-��##'�

*�51.:.15�5*/�� /0� <7*!7� *2� 5*1 � 5/� *52� !7�.�!51.*25*!� 61 � 25�!@�� =1�1.�+� �.!7*51!53.1� �� �##(�

25.�5*=.�:7*!S:�+�1/=1/=.�:7*!�:/2*5*/���	*91�2�� 8�0�!*12��22/!*�5*/�2��� �7�91�611��* 1�5*0*1 �*��#$)�

571�
::1.��/551./�28251-�>	*=��(?,�	�;�?�*��1.�0���!7���1+2D�	�;�?�-* ;0���+/612D�	�;�?�/351.;#$��

0���+/612D�	�;�?�<1�@+8��-�+=�-�51 �271152D��� �	�;�?�*2/+�51 �6�2*��:+�*��271152������  *5*/��+�#$��
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�'�

�

0�!*12��22/!*�5*/��>	�;	?�*�!+3 12�571�.1-�*�*�=� /-*���5+8�0*�1;=.�*�1 �0�!*12�!/-:.*2*�=�2+/:1�#$��

 1:/2*52� �� � 0*�1;=.�*�1 � 6�2*�� :+�*�� 0�!*12�� 	�!*12� �22/!*�5*/�� 51.-*�/+/=8� 7�2� 611�� :�.5*�++8�#$#�

.15�*�1 � 0./-� �� :.19*/32� �� � :.12!*1�5� 236;1�9*./�-1�5� 0��� H/��5*/�� 0/.� 571� �/551./� 28251-�#$$�

:./:/21 �68�
*+21��J��66�51�>�('#?���71�:./C*-�+��/551./��.1��*2� /-*��51 �68�	�;��5/�	�;��#$%�

0�!*12��22/!*�5*/�2�>�/�51./22/���1*9����.*�����/�1=+*����1..�./22�?�� .1:.121�5*�=� 1:/2*52�/0���#$&�

.1+�5*91+8�3�!/�0*�1 �0���28251-���71�1C51.��+�:�.5�/0�571�28251-�>�5����-�!15/?�*2�!7�.�!51.*21 �#$'�

68� 0�!*12� �22/!*�5*/�2�	�;���� �	�;���� � *2� *�51.:.151 � �2��� !/�0*�1 �6�2*�;:+�*��1�9*./�-1�5��#$(�

�71� �5�� ��55�� 23!!122*/�� *�!+3 12� *�51.+1�91 � 0�!*12� �22/!*�5*/�2� /0� 6/57� 58:12� *�� �� 21:�.�51�#%)�

/91.0*++1 �5./3=7�>��.*�*���(($?��T3��5*5�5*91�+/=� �5���++/<���.1+*�6+1�125*-�5*/��/0�!7�.�!51.*25*!�#%��

21 *-1�5/+/=*!�+� :�.�-151.2� 23!7� �2� /91.�++� 2�� 25/�1� :1.!1�5�=1� >�5BD� *�!+3 12� +/!�++8�#%��

!/�=+/-1.�5*!�6�2�+� *9*2*/�2�/0�191�5�61 2���� �!+�818�2�� 25/�1�0/.-*�=���� *9*2*/�2�*�����2?��#%��

!/-:/�1�5�61 �58:12��� �*��:�.5*!3+�.�571��63� ��!1��� �58:12�/0�786.* �191�5�61 �:.121�5�*��1�!7�#%#�

/0� 571� 0�!*12� �22/!*�5*/�2�� �/<191.�� 571�  *-1�2*/�� /0� +�.=1;� �� � -1 *3-;2!�+1�  1:/2*5*/��+�#%$�

01�53.12�23!7��2�!7���1+2��� �+/612���� �571�125�6+*27-1�5�/0�571*.�*�51.��+�7*1.�.!78�!���/�+8�61�#%%�

�!7*191 �*����+*-*51 ��3-61.�/0�!�212� 31�5/�571�.�.*58�/0�+�51.�++8�!/�5*�3/32�1C:/23.12��#%&�

�"��&�����

���$�
�#%'�

�71�-/25� :./C*-�+� :.121.91 � 21!5*/�� /0� 571��/551./� 28251-� *2�  /-*��51 � 68� !/�=+/-1.�5*!� �� �#%(�

!/�.21;=.�*�1 �2�� 8� 1:/2*52�*��<7*!7�571�2�� 25/�1�:1.!1�5�=1�*2�1C5.1-1+8�7*=7��.1�!7*�=�((B�#&)�

>	*=��(�?���71�/�+8�/35!./:�1C�-:+1�/0� 57*2� 0�!*12��22/!*�5*/�� *2� +/!�51 � *�� 571��/�51./22/��.1��#&��

>
*+21�� J� �66�51�� �('#D� ��� /+0*�� �((%?�� �71� 23!!122*/�� *�!+3 12,� ��� 1./2*91� !/�.21;=.�*�1 �#&��

+1�5*!3+�.�3�*5�>�$�-�57*!@��5�571��C*2?��*�51.:.151 ��2���!7���1+;6/ 8D��� ���57*!@1.��� �=1�1.�++8�#&��

-/.1�5�63+�.�2�� 6/ 8��/0�-*�*-3-��$)�-�57*!@�122�>571�5/:�!���/5�61�!/�25.�*�1 �61!�321�*5�7�2�#&#�

611�� .1-/91 � 68� -/ 1.�� -�.*�1� 1./2*/�?�� �/-*���5� 0�!*12� *�!+3 12� -3 25/�1;!+�25�#&$�

!/�=+/-1.�512��!+�25;23::/.51 �+�=2���� ��-�+=�-�51 �!/�.21;=.�*�1 �53.6* *512�*�!+3 *�=�5.�!5*/��#&%�

!�.:152�� -3 25/�1� !+�252� �� � +�.=1� 2!�+1� !./22;61  *�=2�� �7�++/<� 1./2*91� Q!35;�� � 0*++R� 01�53.12�#&&�

>�355*�J�
/.-�.@���('&?��3�191��61 �6�212�>+/!�+�1./2*/��+�.1+*10�3:�5/���$�-?��=.�*�;2*H1�6.1�@2��#&'�

�� � .�:* � +�51.�+� 61 � 57*!@�122� !7��=12��  151.-*�1� *-:/.5��5� 68:�22� /!!3..*�=� *�� 571� �.1��� �71�#&(�
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0�!*12� �22/!*�5*/�� *2� *�51.:.151 � 5/� .1:.121�5� �� :./C*-�+� 0��� 1�9*./�-1�5� 2:���*�=� 6�21;/0;2+/:1�#')�

!7���1+2� 5/� !7���1+;-/�57� >!7���1+;+/61� 5.��2*5*/�?� 2155*�=2�� �12:*51� 571� !/--/�� :.121�!1� /0�#'��

23625.�51�1./2*/���� �.*:;3:�!+�252��786.* �191�5�61 2��.1��/5�:.121�5� *�� 57*2� 0�!*12��22/!*�5*/�� *��#'��
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(A)�HYBRID EVENT BED GROUPS AND FACIES TRACTS %���
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(B) Mudstone-clast and raft-bearing hybrid event beds (HEBs 1-4)  %�)�
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(C) FTH-1 Hybrid flow evolution via entrainment of abundant mud clasts  %�%�
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(C) FTH-2 Hybrid flow evolution via substrate rafts disaggregation %&��
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(B) Clast-poor and clay-rich hybrid event beds (HEBs 5-6) &���
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(C) FTH-3 Hybrid flow evolution via clay enrichment and fractionation &���
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(C) Flow magnitude and entrainment processes '%#�
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(C) Effect of basin confinement and ponding (�)�
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