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1. Introduction

*F>?97H8ED7J;I �?	;	� 97H8ED7J;: KBJH7C7]9 HE9AI�7H; FEJ;DJ?7BBO
?CFEHJ7DJ97H8ED ��� H;I;HLE?HI?D̂K;D9?D=J>; BED=�J;HC � 9O9B; ?D
J>; IEB?: 7HJ>	 '7H=; LEBKC;I E<EF>?97H8ED7J; <EHC8OF;H?:EJ?J; 7B�
J;H7J?ED7J J>; I;7^EEH� 97KI?D=BEM� JECE: ;H7J;�J;C F;H7JKH;�T� I;H�
F;DJ?D?P7J?ED�;	=	� ( SL;B� 
��� � *�#7DB;O� ���� � 7D: 97H8ED7J?ED8O
C?N;: I;7 M7J;H 7D: 7BA7B?D;>O:HEJ>;HC7B ^K?:I �;	=	� 'EIJ �?JO >O�
:HEJ>;HC7B];B:I� !HY>�"H;;D ;J 7B	�
��� � &;BB;O;J 7B	�
��� � 'K:M?=
;J 7B	�
��� �	 *F>?97H8ED7J;I :?I FB7O8H;99?7J;: J;NJKH;I 9EDI?IJ?D=E<
I;HF;DJ?D?J;9B7IJI;D9BEI;: 8OI;JI E<97H8ED7J; L;?DI 7D:
 EH8O7 C?�
9H?J;C7JH?N	.K9> HE9AIE99KH?DFH;I;DJ�:7O E9;7DI �;	=	� J>; �J B7DJ?9�
�ED7JJ?����� � 7D: J>;?H78KD:7D9; ?DEF>?EB?J?99ECFB;N;I :E9KC;DJI
EF>?97H8ED7J; <EHC7J?ED7BIE?D7D9?;DJE9;7DI �;	=	� !HY>�"H;;D ;J
7B	����� � .9>M7HP;D879>;J 7B	�
��� � /7HJ7HEJJ?;J 7B	�
��� � 2;?II;HJ
7D: �;HDEKBB?����� �	 *F>?97H8ED7J;I 97D 7BIE<EHC7J :;FJ> ?DIK8�
:K9J?EDPED;I L?7?DJ;H79J?EDE<�C;J7�I;H F;DJ?D?J;M?J>97H8ED?9̂ K�
?:I B;7:?D=JE97H8ED7J?EDE<HE9A�<EHC?D=I?B?97J;I 7D: JE� I; GK;IJH7�
J?ED?DJEE9;7D?9IB78I7D: IKFH7�IK8:K9J?EDC7DJB;�+?99EB?;J 7B	�
��� �
.97C8;BBKH?;J 7B	�
��� �	 />;I; JMEFHE9;II;I JE=;J>;H 7<<;9J� IJEH7=;
7D: JH7DIFEHJ<HECE9;7DI JEIK8:K9J?EDPED;I7D: J>; JH7DI<;HE<� �* �#
^K?:I ?DJELEB97D?97H9I� �BJ ;J 7B	�
��� � �EBB?DI;J 7B	�
��� � &;HH?9A
7D: �EDDEBBO����� � .97C8;BBKH?;J 7B	�
��� � EH?D:;;F;H F7HJIE<J>;
C7DJB;	

 NF;H?C;DJI 7D: J>;HCE:OD7C?9CE: ;BB?D=IK==;IJ H;B7J?L; ?CCE�
8?B?JOE<� ?DIK8:K9J?D=E9;7D?99HKIJ7BHE9AIJEL;HO>?=>FH;IIKH;�J;C �
F;H7JKH;I �P-T� 9ED:?J?EDIKDB;II J>; HE9AI7H; ?D]BJH7J;: 8O # a
 * �H?9>
^K?:I � �EBB?DI;J 7B	�
��� � &;HH?9A7D: �EDDEBBO�
��� � ����� (EB?D7
7D: +EB?�
��� � +EB?;J 7B	�
��� �	 .JK: ?;I E<;NFEI;: >?=>�P/T C;J7 �
CEHF>?9HE9AI:E9KC;DJ IEC; � CE8?B?P7J?ED:KH?D=IK8:K9J?ED;?J>;H
8O:; 97H8ED7J?EDH;79J?EDIEH8O97H8ED7J; :?I IEBKJ?ED?D7GK;EKI ^K�
?:I � �=K; 7D: )?9EB;I9K� 
��� � �EEA�&EBB7HI;J 7B	�
��� � !H;PPEJJ?;J
7B	�
��� � (7B7IF?D7;J 7B	�
��� � +?99EB?;J 7B	�
��� � .7F?;DP7;J 7B	�

��� � .97C8;BBKH?;J 7B	� 
��� �� >EM;L;H� J>; I97B; E<J>?I H;B7J;: �
JH7DIFEHJ>7I H;C7?D;: KD9B;7H�I;; J>; :?I 9KII?ED8O  FIJ;?D ;J 7B	�

��� �	 !?;B: 7D: IJ78B; ?IEJEF; IJK: ?;I E<>?=>�P 7D: KBJH7>?=>�FH;IIKH;
(UHP) C;J7CEHF>?9IK?J;I ?D:?97J; J>7JJ>; ;NJ;DJE<� CE8?B?P7J?ED8O
J>;I; FHE9;II;I ?I >?=>BO:; F;D:;DJ KFEDJ>; :; =H;; JEM>?9>HE9AI8; �
>7L; 7I IOIJ;CI EF;D JE?D]BJH7J?ED8O;NJ;HD7BBO�:; H?L;: # a
 * �H?9>̂K�
?:I � �EBB?DI;J 7B	�
��� �  FIJ;?D ;J 7B	�
��� �	

.;HF;DJ?D?J;?I F?LEJ7B?DJ>; IK8:K9J?EDPED; � 9O9B; 8; 97KI;� 7I
J>; H;IKBJE<7DJ?=EH?J;:; >O:H7J?ED�?JIKFFB?;I# a
 * JE7: @79;DJ97H8ED�
7J; HE9AI�J>KI FEJ;DJ?7BBO:H?L?D=:; 97H8ED7J?EDH;79J?EDI�?	;	� :;IJ7 �
8?B?P7J?EDE<97H8ED7J;I� 7D: 97H8ED7J; :?I IEBKJ?ED�.97C 8;BBKH?;J 7B	�

���� 	 (EH; EL;H� I;HF;DJ?D;?I H;79J?L;JE� �* �# ^K?:I 7D: I; GK;IJ;HI
�* a
 <HEĈ K?:I L?797H8ED7J?EDE<?JII?B?97J; C?D;H7BI� .97C8;BBKH?;J
7B	�
��� �	 />; IJK:O E<EF>?97H8ED7J;I ?I J?C;BO�=?L;DH;9;DJ ?DJ;H;IJ
?DIK8:K9J?EDPED;� 9O9B?D=�7D: 97D7: :H;II J>; C;9> 7D?ICI E<� �IJEH�
7=; 7D: BEIIM?J>?D7 I?D=B;�9ECFB;NHE9AIOIJ;C 7D: 8; JM;;D I;HF;D�
J?D?J;7D: 97H8ED7J;�8;7H?D=H;I;HLE?HI	

�8KD :7DJ F;JHE=H7F>?97D: F;JHEBE=?9MEHA7L7?B78B; JE:7J; :;7BI
M?J>FH;I;DJ�:7O 7D: <EII?BE9;7D?9EF>?97H8ED7J; HE9AI� �ED7JJ?����� �
�B;H9;J 7B	�
��� � �EBB?DI;J 7B	�
��� � �EHJ;IE=DE;J 7B	����� � �H?;ID;H�
���� � "7BB?7D: /E=B?7JJ?����� � '7<7O;J 7B	�
��� � /H;L;I ;J 7B	����� �
2;?II;HJ 7D: �;HDEKBB?����� �� >EM;L;H� B;II 7JJ;DJ?ED>7I 8;;D F7?:
JE EF>?97H8ED7J; ;LEBKJ?ED:KH?D= IK8:K9J?ED�PED; C;J7CEHF>?IC
� �EBB?DI;J 7B	�
��� � �;8H;J ;J 7B	�
��� � �H?;ID;H� ���� � .97C8;BBKH?
;J 7B	�
��� �	 2; <E9KI;: EDEF>?97H8ED7J;I ;NFEI;: ?D�BF?D;��F;D �
D?D;EF>?EB?J;I; GK;D9;I H;FH;I;DJ?D=7 M?:; H7D=;E<F;7A C;J7CEH�
F>?9P-T� <HECBEM�T E9;7D?99ED:?J?EDIH;9EH:;: 8O �F;D D?D;EF>?�
97H8ED7J;I� JE FKCF;BBO?J;�� 8BK;I9>?IJ� 7D: ;9BE=?J;�<79?;I 9ED:?J?EDI
;NF; H?;D9;: 8O EF>?97H8ED7J;I <HEC

J>; '?=KH?7D7D: J>; 2;IJ ;HD �BFI	 $DJ>?I F7F;H� 87I;: ED IJK:O E<
>?=>�P C;J7CEHF>?9HE9AI�M; :;CED IJH7J;J>7J:; 97H8ED7J?ED7D: :?I �
IEBKJ?ED
FH;9?F?J7J?EDFHE9;II;I EF;H7J?D=?D7D9?;DJIK8:K9J?EDPED;I
7H; 8;IJ JH79;: 8O7 9EC8?D7J?EDE<:; J7?B;:];B: 7D: F;JHE=H7F>?9E8�
I;HL7J?EDI�!( ?DL;DJEH?;I�7D: �� *� 7D: .H ?IEJEF; IOIJ;C 7J?9I �?	;	�
�� ?IEJEF;I�	

2. Geological setting

2.1. Northern Ligurian Apennineophicarbonates

$DJ>; )EHJ>;HD'?=KH?7D�F;D D?D;�EF>?EB?J;I;?J>;HE99KH7I B7H=;
EB?IJEB?J>I�?DJ>; I;: ?C;D J7HÔOI9> E<J>;  NJ;HD7B'?=KH?:; 0D?JI� EH
<EHCB7H=;9E>;H;DJ 8E: ?;I �?DJ>; $DJ;HD7B'?=KH?:; 0D?JI�	 $DJ>; B7J�
J;HI;J J?D=�EF>?97H8ED7J;I � !?=	 � � � E99KH7JJ>; IJH7J?=H7F>?9JEFE<J>;
I;HF;DJ?D?P;:C7DJB;�;	=	� �EHJ;IE=DE;J 7B	����� � 7D: 7H;EL;HB7?D8O
F?BBEM87I7BJ7D: E9;7D?9I;: ?C;DJI �?	;	� H7:?EB7H?7D9>;HJI�B?C;IJED;
7D: CK: IJED;�	 $DIK9> 7 97I;I� J>; (E>E ?I 9ECCEDBOH;FH;I;DJ;: 8O
FH;I;HL;: FH?C7HO9EDJ79JIE<I;HF;DJ?D?J;�EF>?97H8ED7J; M?J>F?BBEM
87I7BJ7D:� BE97BBO�M?J>;NJ;DI?ED7BJ;9JED?98H;99?77D: :;;F E9;7D?9
I;: ?C;DJI � �BJ ;J 7B	�
��� � �;97D:?7 ;J 7B	����� � '7=78H?;BB;����� �	
/>KI <7H�J;9JED?9�*�$� 7D: I;: ?C;D J7HO�*�$$� EF>?97H8ED7J;I >7L;
8;;D :?I J?D=K?I>;: 87I;: ED J;NJKH7B7D: F;JHE=H7F>?9<;7JKH;I �;	=	�
';CE?D; ;J 7B	����� �	 />; *�$ JOF;?I 9>7H79J;H?P;: 8OFEBOF>7I;8H?J�
JB;�:K9J?B;JE8H?JJB;:; <EHC7J?ED� /H;L;I 7D: #7HF;H����� �	 />;I; HE9AI
:?I FB7O;7HBOI;HF;DJ?D;<EHC7J?ED7<J;HC7DJB;C?D;H7BI7D: ?DI>;7H
;NJ;DI?ED7BL;?DI� <EBBEM;: 8O?D]BJH7J?EDE<�* a
 �H?9>̂ K?:I JE<EHC7
I; GK;D9; E<=;D;H7J?EDIE<97B9?J;L;?DI ?DH;IFEDI; JE?D9H;7I?D=>O�
:HEJ>;HC7B^K?: FH;IIKH; �+ âK?:
+ aB?J>EIJ7J?9� ��	 />; B7IJ8H?JJB;:; <EHC7�
J?EDB;: JE<EHC7J?EDE<L;?DI ]BB;: 8O97B9?J;7D: J7B9:HKI;I � /H;L;I
7D: #7HF;H� ���� �	 />; I;J E<J;9JED?97D: >O:HEJ>;HC7B IJHK9JKH;I
H;9EH:;: 8OJ>; *�$ ?I H;B7J;: JEJ>; J;9JED?9;NFEIKH; E<J>; E9;7D?9
C7DJB;7J IKH<79; B;L;BI KD:;H FHE=H;II?L;BOBEM;HJ;C F;H7JKH;9ED:?�
J?EDI7J ;NJ;DI?ED7B9EH;�9ECFB;N;I 7J IBEM�IFH;7: ?D=H?:=;I	 />; *�$
I7C FB;I 7H;J>KIH;FH;I;D J7J?L;E<;NJ;DI?ED7B<7KBJI;J J?D=I� /H;L;I 7D:
#7HF;H� ���� � 7D: 7H; 9ECF7H78B; M?J>EF>?97H8ED7J;I 8; D;7J> J>;
'EIJ �?JO>O:HEJ>;HC7BL;DJ 7J J>; (?: ��J B7DJ?9-?:=; �;	=	� 'K:M?= ;J
7B	�
��� �	 /;9 JED?9�I;: ?C;D J7HOH;MEHA?D=E<J>; ;NFEI;: I;HF;DJ?D?P;:
C7DJB;� 9EKFB;: M?J>97B9?J; FH;9?F?J7J?ED�B;7:I JE J>; <EHC7J?EDE<
*�$$ I>EM?D=7D=KB7HJEIK8�7D=KB7HI;HF;DJ?D?J;9B7IJIE<L7HO?D=I?P;I
;C 8;: :;: ?D7 C?9H?J;I;: ?C;D J7HOC7JH?N� /H;L;I 7D: #7HF;H����� �	
*N?:7 J?ED7D: 97H8ED7J?EDFHE9;II;I 799ECF7DOJ>; >O:HEJ>;HC7B7B�
J;H7J?ED�7BBEM?D=<EHC7J?EDE<>;C7J?J; 7D: J>KI9ED<;HH?D=KFEDJ>;I;
HE9AI7 JOF?97BH;: 9EBEKH:KH?D=7 FHE9;II J>EK=>JJE>7L; =;D;H7J;:
J>; '?=KH?7DEF>?97H8ED7J; L7H?;JO ADEMD7I Rossodi Levanto � "7BB?�
���� �	

2.2. WesternAlps

/>; �BF?D;7H9>?J;9JKH;9EDI?IJI E<B7H=;J;9JED?9KD?JIE<9EDJ?D;DJ7B
7D: E9;7D?97_D ?JO�;	=	� �7B +?7P;J 7B	�
����� J>; EF>?97H8ED7J; HE9AI
IJK: ?;: >;H; 8; BED=JEJ>; E9;7D?9B?J>EIF>;H; ;NFEI;: 7JJ>H;; C7?DBE�
97B?J?;I E<J>; 0FF;H +;DD?D?9D7FF; IJ79A7D: H;9EH:?D=FHE=H;II?L;BO
>?=>;HF;7A C;J7CEHF>?9P-T :KH?D=IK8:K9J?ED� !?=	 � �	 !HEC BEM;HJE
>?=>;H=H7:;� J>; I7C FB;: BE97B?J?;I 7H;� J>; FKCF;BBO?J;�79J?DEB?J;<7�
9?;I .;I JH?�1EBJ7==?E5ED; �'?= KH?7D�BFI�� J>; 8BK;I9>?IJ�<79?;I ,K;OH7I
�087O; BE97B?JO�!H;D9> �BFI�� 7D: J>; ;9BE=?J;�<79?;I�C;J7CEHF>EI;:
1EBJH?(7I I?<�'?= KH?7D�BFI�	

2.2.1. Sestri-Voltaggiozone
/>; .;I JH?�1EBJ7==?EPED; 9EDI?IJI E<I;L ;H7BJ;9JED?9KD?JI7D: ?I

8; B?;L;: JEH;FH;I;DJ J>; ) �. @KD9J?EDPED;8; JM;;D J>; �BF?D; 9>7?D
7D: J>; )EHJ>;HD �F;D D?D;I � �H?IF?D?7D: �7FFED?� 
��� �	 />; EF>?
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Fig. 1. .?CFB?];: =; EBE=?97BC7F E<J>; 2;IJ ;HD�BFI 7D: BE97J?EDE<J>; IJK: ?;: 7H;7I �CE: ?<O7<J;H�EBB?DI;J 7B	�
��� �	 ��� "; EBE=?97BC7F E<$DJ;HD7B'?=KH?:; <HECJ>; '?=KH?7D)	
�F;D D?D;EF>?EB?J;�CE: ?];: 7<J;H/H;L;I 7D: #7HF;H����� �� ��� 7H;7E<IJK:O <HECJ>; ,K;OH7I
 087O; PED;�CE: ?];: 7<J;H(?9>7H: ;J 7B	�
��� �� ��� =; EBE=?97BC7F E<J>; 1EBJH?(7I I?<
�CE: ?];: 7<J;H�7DD7W;J 7B	�
��� 7D: H;<;H;D9; J>;H;?D�	'E 97J?EDIE<J>; 9EBB;9J;: I7C FB;I <EH7BBJ>H;; 7H;7I E<IJK:O JE=;J>;H M?J>J>; H;IF;9 J?L;I7C FB;�$B78;BI 7H;?D:?97J;: M?J>J>;

IJ7HIOC8EB	

97H8ED7J; HE9AII7C FB;: ?DJ>?I7H;7 8; BED=JEJ>; !?=E=D7KD?J�9ED�
I?IJ?D=E<E9;7D?9B?J>EIF>;H?9C7DJB;9ECF7H78B; JEJ>7J?DJ>; 1EBJH?
(7I I?<�8KJM>?9>;I 97F;: ;9BE=?J;<79?;I C;J7CEHF>?IC :KH?D=�BF?D;
IK8:K9J?ED	/>; C;J7CEHF>?9=H7:; E<J>?IKD?J?I FKCF;BBO?J;�79J?DE�
B?J;<79?;I� ?DJ>; IJ78?B?JO];B: E<B7MIED?J;�
�� ���
� Z� 7D: �	� "+7�
';ED? ;J 7B	����� �	 #;H; EF>?97H8ED7J;I 9HEFEKJD;7HJ>; L?BB7=; E<
+?;JH7B7L;PP7H7?D:; 97C;J H?9�I?P;: IB?9;IM?J>) �. EH?;DJ7J?EDI�+' I7C �
FB;I ?D!?=	 � ��	 �; IF?J; J>; FEBOF>7I;:; <EHC7J?EDJ>7J7<<;9J;: J>; !?�
=E=D7KD?J�J>; EH?=?D7BE9;7D?9I; GK;D9; I>EM?D=EF>?97H8ED7J;I ED
JEFE<J>; KBJH7C7]9 7D: =788HE?987I; C;DJ� 7D: 8; BEM7 LEB97DE�I;: ?�
C;D J7HO9EL;H�97DIJ?BB8; H;9E=D?P;: � �H?IF?D?7D: �7FFED?�
��� �	

2.2.2. Queyrascomplex
/>; ,K;OH7I 9ECFB;N?I F7HJE<J>; +?;: CEDJ�'?=KH?7D:E C7?D�M;IJ

E<J>; ;9BE=?J;�<79?;I (ED L?IEEF>?EB?J;7D: D;7HJ>; 9EDJ79JM?J>J>;
�H?7D9EDD7?I:E C7?D� !?=	 � ��	 />?I 9ECFB;NM7I ?DJ;HFH;J;: 7I 7 I;: �
?C;D J7HO799H;J?ED7HOM;:=; 9ECFEI;: E<E9;7D?9I;: ?C;DJI 7D: 79�
9H;J;: IB?9;I E<E9;7D?9B?J>EIF>;H; � '7<7O ;J 7B	�
��� � '7=78H?;BB;;J
7B	����� �	 />; C;J7CEHF>?9=H7:; ?D9H;7I;I ;7IJM7H:I� <HECJ;C F;H�
7JKH;� ��� Z� 7D: FH;IIKH;� �	� "+7� JEP-T 9ED:?J?EDIF;HJ7?D?D=JE
J>; 8BK;I9>?IJ�<79?;I 9ED:?J?EDI�KF JE��� Z� 7D: P� �	
 "+7� �=7H: ;J
7B	�
��� �	 />; ,K;OH7I EF>?EB?J;9HEFIEKJ7I I97JJ;H;: B7H=;EB?IJEB?J>I
M?J>?DJ>; C;J7I;: ?C;D J7HO.9>?IJ;I 'KIJHSI� J>; EF>?EB?J;8E: ?;I FH;�
I;HL; J>; EH?=?D7B?DJ;HD7BIJHK9JKH;7D: IJH7J?=H7F>O� ;D78B?D=H;9ED�
IJHK9J?EDE<J>;?HE9;7D?9>?IJEHO� /H?97HJ7D: ';CE?D;� ���� �	 2?J>?D
;79> 8E:O� J>H;; C7@EH9ECFED;DJI E<J>; E9;7D?9B?J>EIF>;H; 97D8;
:?I J?D=K?I>;:� <HEC8EJJEC JEJEFJ>;I; 7H; �?� 7D KBJH7C7]9 I; GK;D9;
E<I;HF;DJ?D?P;:C7DJB;�:; H?L;: F;H?:EJ?J;I� BE97BBO9HEII9KJ8O'7J; /H?�
7II?9=788HE?DJHKI?EDI� �7HF;D7 7D: �78O� ���� �� �??�7 :?I 9EDJ?DKEKI
87I7BJ?9B7O;HE<J>EB;??J?9F?BBEM87I7BJI�7D: �???�7 I;: ?C;D J7HOF;B7=?9
9EL;HH;FH;I;DJ;: 8OJ>; .9>?IJI 'KIJHSI 9ECFB;N	2>;H; J>; 87I7BJ?9I; �
GK;D9; ?I C?II?D=�J>; KBJH7C7]9 7D: J>; I;: ?C;D J7HOHE9AI97D8; :?�
H;9JBO?D9EDJ79J� /H?97HJ7D: ';CE?D;� ���� �	 />; EF>?97H8ED7J; HE9AI
7H;EDJEFE<J>; KBJH7C7]9 I; GK;D9;7D: 97D8; IK8:?L?:;: ?DJE=HEKFI
E<J;9JED?9�*�$� 7D: I;: ?C;D J7HO�*�$$� EH?=?D	/>; ]HIJ JOF;?I 9>7H�
79J;H?P;: 8O7 :;DI; D;JMEHAE<97B9?J;L;?DI 7D: <H79JKH;I<EHC;: 8O
J;9JED?9;NJ;DI?ED7D: >O:H7KB?9<H79JKH?D=�J>; *�$$ JOF;:; H?L;I<HEC
?D�I?JKH;MEHA?D=E<*�$� E<I;HF;DJ?D?J;I7D:
 EH87I7BJ?9C7J;H?7BI<EHC�
?D=9B7IJI?D7 C?9H?J;C7JH?N�;	=	� ';CE?D; ;J 7B	����� �	 />; FH;I;D9;
E<EF>?97H8ED7J; HE9AI?I?DJ;HFH;J;: 7I H;FH;I;DJ?D=;NFEIKH; E<C7DJB;
JEI;7 M7J;HEDJ>; E9;7D ^EEH� /H?97HJ7D: ';CE?D;� ���� �	 />; EF>?�
97H8ED7J; I7C FB;I 7D7BOP;:?DJ>?IIJK:O ��0 I7C FB;I ?D!?=	 � �� ;N�
F; H?;D9;: 8BK;I9>?IJ�<79?;I P-T 9ED:?J?EDI��
� ����� Z� 7D: �	� ���	� "+7�
(?9>7H: ;J 7B	�
��� �	

2.2.3. Voltri Massif
/>; EF>?EB?J?91EBJH?(7I I?<?I 7 8BK;I9>?IJ� JE ;9BE=?J;�<79?;I 9EC�

FB;NE<%KH7II?9 E9;7D?9B?J>EIF>;H; 9ECFEI;: E< I;HF;DJ?D?J;I>EIJ�
?D==788HE� 7D: 87I7BJ�:; H?L;: ;9BE=?J; 7D: C;J7HE:?D=?J;	 />?I I; �
GK;D9; ?I 7IIE9?7J;: M?J>>?=>�P�C;J7CEHF>EI;: E9;7D?9I;: ?C;DJ� ?	;	
97B9� 7D: C?97�I9>?IJI �H;<;HH;:JE7I .9>?IJ;I 'KIJHSI� ?DJ;HB7O;H;: M?J>
C;J787I7BJI7D: 9>;HJI�;	=	� �>?;I7 ;J 7B	����� �	 -;C D7DJIE<IK8�9ED�
J?D;DJ7BB?J>EIF>;H?9C7DJB;7H; M;BB�;NFEI;: ?DJ>;  HHE�/E 88?EC;J7 �
F;H?:EJ?J; KD?J�H;FH;I;DJ?D=J>; FH;��BF?D; H?<J?D=7D: E9;7D�^EEH7B�
J;H7J?ED<EBBEM;: 8O IK8:K9J?ED7D: C;J7CEHF>?IC 7J ;9BE=?J;�<79?;I
P-T 9ED:?J?EDI�#;HC7DD;J 7B	�
��� � #EE=;H:K?@D.JH7J?D=;J 7B	����� �
.97C8;BBKH? ;J 7B	� ����� ���� �

1?II;HI ;J 7B	� ����� ���� �	 +;7A C;J7CEHF>?9P-T ;I J?C7J;I <EHJ>;
1EBJH?(7I I?<7H; 78EKJ��� ����� Z� 7D: �	� ���	� "+7 � �?CC?DE ;J 7B	�
���� � !;:;H?9E ;J 7B	�
��� � (;II?=7 7D: .97C8;BBKH?����� �� 9ED:?J?EDI
J>7JFHE:K9;: C;J7CEHF>?9EB?L?D;� 7DJ?=EH?J;?DI;HF;DJ?D?J;I�=7HD;J
� ECF>79?J;� HKJ?B;?D;9BE=?J;7D: >?=>�.?�8;7H?D=F>;D=?J;� =7H�
D;J ?DC;J7I;: ?C;D J7HOHE9AI	!?;B: 7D: =;E9>;C ?97B;L ?:;D9; � �7DD7W
;J 7B	�
��� � !;:;H?9E ;J 7B	�
��� � .97C8;BBKH?7D: /ED7H?D?�
��
 �� JE�
=;J>;H M?J>DKC;H?97BCE: ;BB?D=� (7B7J;IJ7 ;J 7B	� 
��
 �� IK==;IJI 7
9ECFB;N>?IJEHO<EHJ>; 1EBJH?(7I I?<:KH?D=FHE=H7:; 7D: H;JHE=H7:;
;LEBKJ?ED7BED=J>; IB78�C7DJB;?DJ;H<79;	

/>; EF>?97H8ED7J; HE9AIE<J>; 1EBJH?(7I I?<9HEFEKJ?DI;L ;H7BBE�
97B?J?;I � !?=	 � � 7D: M;H; ]HIJ :; I9H?8;: 8O �EHJ;IE=DE;J 7B	������ �
�EHJ;IE=DE ;J 7B	 ������ 	 />;I; HE9AI9EDI?IJ E< 97H8ED7J; C?D;H7B
F>7I;I �97B9?J;� :EBEC?J;7D:
 EHC7=D;I?J;� 9E;N?IJ?D=M?J>7DJ?=EH?J;
7D:� BE97BBO�C;J7CEHF>?9EB?L?D;	/>;I; HE9AI7H; ?DJ;HFH;J;: 7I J>;
C;J7CEHF>?99EKDJ;HF7HJI?DJ>; DED�IK8:K9J;: E9;7D?9EF>?97H8ED7J;I
E<J>; )EHJ>;HD�F;D D?D;IEF>?EB?J;I�M?J>=H7:;I H7D=?D=<HEC=H;;D�
I9>?IJ�� JE 8BK;I9>?IJ�� JE ;9BE=?J;�<79?;I	 -; 9;DJBO�.97C8;BBKH?;J 7B	
�
���� :; I9H?8;: ?D:; J7?BJ>; ;LEBKJ?ED�C;J7CEHF>?9H;79J?EDI�7D: �
7D: * ?IEJEF;9ECFEI?J?EDI7J7DEKJ9HEFM?J>?DJ>; 1EBJH?(7I I?<�>?=>�
B?=>J?D=J>; >?=>FEJ;DJ?7BE<I;HF;DJ?D?J;<EHI; GK;IJ;H?D=� 7D: J>KI
?D̂K;D9?D=J>; :;;F � 9O9B;	 />; I7C FB;I <HECJ>; 1EBJH?(7I I?<7D7�
BOP;:?DJ>?IIJK:O 7H; <HECJMEBE97B?J?;I H;FH;I;DJ?D=EF>?97H8ED7J;I
7<<;9J;: 8OJ>; ;9BE=?J;�<79?;I C;J7CEHF>?IC� '7 +;I97 � .97C8;BBKH?;J
7B	�
��� � '+��  *� I7C FB;I� 7D: .7DJ��DD7 �.� I7C FB;I�	

3. Petrography and microstructures

/>; EF>?97H8ED7J; I7C FB;I FH;I;DJ;: >;H; H;J7?D;L ?:;D9; E<9EC�
FB;NFEBOF>7I;>?IJEH?;I	#;H;� M; :; I9H?8;J>; A;O<;7JKH;IE<H;FH;I;D �
J7J?L;EF>?97H8ED7J; I7C FB;I <HEC;79> BE97B?JO�<EHJ>; )EHJ>;HD�F;D �
D?D;�M; H;J7?DJ>; 9B7II?] 97J?EDE<J>; EF>?97H8ED7J;I E<J;9JED?9�>O�
:HEJ>;HC7B�*�$� 7D: I;: ?C;D J7HO�*�$$� EH?=?D?D?J?7BBOFHEFEI;: 8O
';CE?D; ;J 7B	������ 	 �BIE� M; :; I9H?8;J>; E9;7D?9I;HF;DJ?D?J;;N�
FEI;: ?DJ>; )EHJ>;HD �F;D D?D;�H;=7H:?D=?J7I J>; IJ7HJ?D=C7J;H?7B
�FHEJEB?J>I�<EHJ>; >?=>;H�=H7:; EF>?97H8ED7J;I	

3.1. OceanicNorthern Apennineophicarbonates

3.1.1. Serpentiniteprotolith rocks
/>; KBJH7C7]9 FHEJEB?J>IE< J>; E9;7D?9EF>?97H8ED7J;I 7H; H;F�

H;I;DJ;: 8O >?=>BO����� JE <KBBO������ I;HF;DJ?D?P;:C7DJB; F;H?�
:EJ?J;I	 $DJ>;I; HE9AI�IJ7J?9FI;K:E CEHF>?9H;FB79;C;DJ B;: JE <EH�
C7J?EDE<C;I> I;HF;DJ?D;� C7=D;J?J;J;NJKH;I 7<J;HC7DJB;EB?L?D;
7D: 87IJ?J; 7<J;H C7DJB;FOHEN;D;I ?DM>?9>JH79;IE<J>; <EHC;H FO�
HEN;D; 9B;7L7=; 7H; IJ?BBH;9E=D?P78B;	 />; C;:?KC =H7?DI?P; E<J>;
FI;K:E CEHF>I 7D: J>; ?IEJHEF?9J;NJKH;IK==;IJ 7D EH?=?D7B>7HP8KH�
=?J;<EHJ>;I; KBJH7C7]9 HE9AI	/>; I7C FB;9EBB;9J;: ?DJ>?IIJK:O :E;I
DEJ:?I FB7O;L ?:;D9; <EH:; <EHC7J?ED�8KJ >?=>�T I>;7H :E C7?DI 7H;
:; I9H?8;: ?DJ>; B?J;H7JKH;<EHJ>; I;HF;DJ?D?J;87I; C;DJ � /H;L;I 7D:
#7HF;H����� �	

3.1.2. Ophicarbonatesof tectonicand hydrothermalorigin (OCI)
/>; EF>?97H8ED7J;I E<J;9JED?97D: >O:HEJ>;HC7BEH?=?D�*�$� 9ED�

J7?DI;L ;H7B=;D;H7J?EDIE<97H8ED7J; L;?DI EL;HFH?DJ?D=J>; I;HF;D�
J?D?P;:FH;9KHIEH	�7B9?KC97H8ED7J; ?I J>; CEIJ M?:; IFH;7: C?D;H7B�
K8?GK?JEKI ?D J>;I; HE9AI7J J>?I IJ7=;	 .7C FB;I 97D :?I FB7OL7H?
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78BO;NJ;DI?L; 97H8ED7J?EDE<J>; IJ7HJ?D=I;HF;DJ?D?J;:KH?D=J>; >O�
:HEJ>;HC7B79J?L?JO	/>; 7CEKDJIE<L;?D�H;B7J;: 97B9?J;97DH7D=;<HEC
<;M CE:7B � 97B9?J;�;	=	� 5-' �� ��� JE� ��� �;	=	� ()/ �� ��� E<J>;
>EIJHE9A	/>; >EIJ I;HF;DJ?D?J;>7I J>; J;NJKH;E<7 @?=I7M FKPPB;8H;9�
9?7M?J>9B7IJIH7D=?D=?DI?P; <HECJ>; EKJ9HEFI97B; �C ?DI?P;� JE
>7D:�I7C FB;I?P; �<;M 9C� � 7D: JECC �I97B;	 />; KBJH7C7]9 9B7IJI7BIE
:?I FB7OL7HO?D=;NJ;DJI E<97H8ED7J?ED�<HEC� 
�� �$.� �� ��� JE���
�5-' �� ��� ?DLEBKC;	

/>; KBJH7C7]9 9B7IJI9EHH;IFED: JE<KBBOI;HF;DJ?D?P;:F;H?:EJ?J;I�
M>?9>:E DEJFH;I;HL; EB?L?D;7D: M>?9>H7H;BOFH;I;HL; H;B?9JC7D�
JB;FOHEN;D; 7D: IF?D;BF7HJ?7BBO9EDL;HJ;: JEC7=D;J?J;	 />; 9B7IJIE<
J>; >EIJ I;HF;DJ?D?J;7H; >;J;HE=; D;EKI ?DI?P; 7D: FEBO=ED7B?DI>7F;�
M?J>IK8�7D=KB7HJE7D=KB7H;:=;I	  79> 9B7IJFH;I;HL;I 7 H;9EH:E<J>;
EH?=?D7BKD:; <EHC;: 7D: :; <EHC;: IJHK9JKH;E<J>; I;HF;DJ?D?P;:C7D�
JB;F;H?:EJ?J;>EIJ	 />; CEDEJEDEKI9>HOIEJ?B;� C7=D;J?J;7II;C 8B7=;
E<J>; FKH; I;HF;DJ?D?J;9B7IJI?I BE97BBO799ECF7D?;: 8O <EHC7J?EDE<
9>BEH?J;�J7B97D: JH;CEB?J;	);7H J>; 97B9?J;>O:HEJ>;HC7BL;?DI� J>; I;H�
F;DJ?D?J;9B7IJIKD7<<;9J;: 8O97H8ED7J?ED7D: FH;I;HL?D=C7DJB;FOHEN�
;D; H;B?9II>EM ;L ?:;D9; E<?D]BJH7J?ED?DJ>; <EHCE<IC7BB� JEC;:?KC �
I?P;: 97B9?J;L;?DB;JI	

/>; I;HF;DJ?D?J;9B7IJI7H; 7<<;9J;: 8O L7HO?D=:; =H;;I E<97H8ED7�
J?ED�<HECC?DEHEL;H=HEMJ>8OD;E8B7IJ?9]D; �=H7?D;:97B9?J;JEH;: �
:?I> 9B7IJII>EM?D=F;HL7I?L; JE <KBB97H8ED7J?ED7IIE9?7J;: M?J>EN�
?:7 J?ED	/>?I 97H8ED7J?EDH;FH;I;DJ 7 A;O <;7JKH;E<IK9> >O:HEJ>;H�
C7BBO�7BJ;H;: E9;7D?9EF>?97H8ED7J;I� <KBB97H8ED7J?EDE<J>; KBJH7C7]9
I?B?97J; 9B7IJI9ED9KHIM?J><EHC7J?EDE<L7H?78BO78KD:7DJ >;C7J?J; 7<�
J;HC7=D;J?J;	-; FB79;C;DJ 8O97B9?J;E<I;HF;DJ?D;<HECJ>; 9EH;E<J>;
C;I> J;NJKH;7D: 7BED=9B;7L7=; E<J>; <EHC;H FOHEN;D; 8O97B9?J;E9�
9KHI?DD;7HBO7BBE9;7D?9I7C FB;I	 'E 97BBO�7BED=J>; 9B;7L7=;I E<I;H�
F;DJ?D?P;:FOHEN;D;I� JH7?BIE<IC7BB=H;;D 7D:H7:?J?9=7HD;J 9HOIJ7BI7H;
?DJ;H=HEMDM?J>I;HF;DJ?D;7D: 97B9?J;� !?=	 
 � �	 $DI7C FB;I M>;H; J>;
97H8ED7J?ED>7I 8;;D GK?J;;NJ;DI?L;� J>; I;HF;DJ?D?J;9B7IJI7H;;DJ?H;BO
H;FB79;: 8O]D; �I97B;97B9?J;=H7?DI7D: 7 ]BC E<>;C7J?J; =HEMI7BED=
J>; 8EH:;H� =?L?D=J>;C 7 =>EIJ�B?A;J;NJKH;� !?=	 
 �� ��	 $DJ;H;IJ ?D=BO�
J>; <KBB97H8ED7J?EDE<J>; KBJH7C7]9 I?B?97J; 9B7IJI7FF;7HI JE8; 7IIE�
9?7J;: M?J>J>; <EHC7J?EDE<78KD:7DJ >;C7J?J; � !?=	 
 �� ��� IK==;IJ?D=
J>7JJ>; !; a
� H;B;7I;: 8OJ>; 97H8ED7J;: I?B?97J;I M7I 9EDL;HJ;: JE!; a��

J>KI IJ78?B?P?D=>;C7J?J; :K; JE?D9H;7I;: EN?:?P?D=9ED:?J?EDI	
/>; B7IJ8H?JJB;:; <EHC7J?ED;L;DJ H;9EH:;: 8OJ>;I; HE9AI?I H;FH;�

I;DJ;: 8OJ>; <EHC7J?EDE<97B9?J;L;?DI J>7J9HEII9KJ7BBFH;L?EKI IJHK9�
JKH;I	�7B9?J;?I 9E7HI;�=H7?D;:7D: I>EMI ;K>; :H7B>78?J7D:� JOF?97BBO�
JM?DD?D=	/7B9?IE8I;HL;: ?D:HKIOJ;NJKH;I9ECCEDBO?DJ>; 9EH;E<J>;
L;?DI� I;;C ?D=BOH;FH;I;DJ?D=7I J>; B7IJFH;9?F?J7J;I	 $DIEC; I7C FB;I�
97B9?J;?I H;FB79;: 8OJ7B97==H;=7J;I � !?=	 
 ��	

3.1.3. Sedimentaryophicarbonates(OCII)
/>;I; HE9AI:?I FB7O7 I;: ?C;D J7HO8H;99?7�B?A;J;NJKH;M?J>9B7IJI

9EDI?IJ?D=E<I;HF;DJ?D?J;IEHE<H;MEHA;: *�$	 />; I;: ?C;D J7HO*�$$
9B7IJIJOF?97BBO:?I FB7O7D=KB7H;:=;I 7D: M?:;BOL7HO?D==H7?DI?P;<HEC
I;L ;H7BC?BB?C;J;HIJE<;M >KD:H;:I E<C?9HEC; J;HI	 />; C?D;H7B7II;C �
8B7=;E<J>; 9B7IJI�7I ?DJ>; *�$� 9EDI?IJI E<I;HF;DJ?D;�C7=D;J?J;�9>BE�
H?J;�J7B97D: C?DEHJH;CEB?J;	�7I;: EDJ>; ;NJ;DJE<97H8ED7J?ED7D:
EN?:7 J?ED�JMEJOF;I E<I;: ?C;D J7HO8H;99?7I97D8; ?:;DJ?];:� �?� I7C �
FB;I ." �� �� 7D: ()/ �� �
� I>EM?D=C?DEH7D: 78KD:7DJ 97H8ED7J?ED
7D: EN?:7 J?ED�H;IF;9 J?L;BO�7D: �??�I7C FB; ." �� �
� I>EM?D=?DJ;HC; �
:?7J; 7CEKDJIE<97H8ED7J?ED7D: EN?:7 J?ED	

/>; =H;;D 9EBEKHE<EF>?97H8ED7J; ." �� �� H;̂ ;9JI J>; >?=>CE:7B
78KD:7D9; E<>O:HEKI I?B?97J; C?D;H7BIIJ?BBFH;I;HL;: ?DJ>; HE9A	/>;
J;NJKH;IE<J>; I;HF;DJ?D?J;9B7IJIFH;I;HL; J>; C7DJB;C?D;H7B:E C7?DI�
>EM;L;H� IEC; 9B7IJIM?J>9ECFB;NJ;NJKH;B?A;BO:; H?L;<HECFH;�;N?IJ�
?D=I;HF;DJ?D;L;?DI	 />; C7JH?N97B9?J;H7D=;<HECC?9H?J?9JEIF7HHO�
J>; B7JJ;H E99KHH;D9; JOF; I>EM?D= JM?DD?D=	 />;

I;: ?C;D J7HOIJHK9JKH;I 7H; 9KJ8O 97B9?J; L;?DI I>EM?D=�<HECH?CJE
9EH;�7 9>7D=;<HEC8EJHOE?:7BJE?HH;=KB7H8BE9AOJ;NJKH;I� !?=	 
  �	

/>; EF>?97H8ED7J; I7C FB; ()/ �� �
 I>EMI 7D ?DJ;DI; :; =H;; E<
97H8ED7J?ED7D: EN?:7 J?ED�M?J>7 H;: :?I> 9EBEKH:K; 7 B7H=;7CEKDJ
E<>;C7J?J; � !?=	 
 !�	 $DI7C FB; ." �� �
� EDBO7 <;M � E<J>; 9B7IJI
IJ?BBFH;I;HL; J>; EH?=?D7BI;HF;DJ?D?J;9ECFEI?J?ED�M>?B;M?:; IFH;7:
=>EIJ�B?A;J;NJKH;I:; H?L;<HEC<KBBH;FB79;C;DJ E<<EHC;H I?B?97J; C?D�
;H7BI8O]D; �=H7?D;:97B9?J;	 'E 97BBO�J>; 9B7IJI7H; 9ECFEI;: E<I?D=B;
9HOIJ7BIE<97B9?J;�FHE878BO:; H?L;: <HECH;MEHA?D=E<J>; *�$ 7D: 7I�
IE9?7J;: >O:HEJ>;HC7B 97B9?J; L;?DI	 />; C7JH?NE<I7C FB; ()/ �� �

9EDI?IJI C7?DBOE<C;:?KC � JE]D; �I97B; �JE C?9HE9HOIJ7BB?D;�=H7?DIE<
7D;>:H7B97B9?J;M?J>BE87J; 7D: ?HH;=KB7H?DJ;H9HOIJ7BB?D;8EKD:7H?;I	
�BED=J>; 9EDJ79J8; JM;;D J>; 9B7IJI7D: J>; C7JH?N�97B9?J;=HEMI7I
9;C;DJ 9HKIJIJOF?97BBO<EHC?D==H7L?J7J?ED7B8;7H: �B?A;F7JJ;HDI	

3.2. Subduction-relatedophicarbonates

3.2.1. Pumpellyite-actinolite-faciesophicarbonates
.7C FB;I +' �� �� 7D: +' �� �
 :?I FB7OJMEJ;NJKH7BBO:?<<;H;DJ JOF;I

E<C?9HE�:E C7?DI ?D:?97J?D=CKBJ?FB; IJ7=;I E<H;9HOIJ7BB?P7J?EDE<97B�
9?J;=H7?DI	/>; ]HIJ C?9HE�:E C7?D9EDI?IJI E<9E7HI;� JEC;:?KC �I?P;:
=H7?DIE<97B9?J; ��� I>EM?D=:; L;BEFC;DJ E<7 I;9 ED: =;D;H7J?EDE<
JM?DB7C;BB7; 9KJJ?D=7J >?=>7D=B;I J>; ;7HB?;H�<EHC;: =;D;H7J?ED7D:
7<<;9J;: 8O=HEMJ>E<JM?D�<H;; 97B9?J;=H7?DI	/>; 9E7HI;97B9?J;��� ?I
9KJ8OI>;7H PED;I J>7JH;FH;I;DJ J>; I;9 ED: JOF;E<C?9HE�:E C7?DE8�
I;HL;: ?DJ>;I; I7C FB;I	 />; I>;7H PED;I 9EDI?IJ E<C;:?KC � JE ]D; �
=H7?D;:� KD�JM?DD;: 97B9?J; �
� ?HH;=KB7H?DI>7F; 7D: M?J>9ECFB;N
=H7?D8EKD:7H?;I	�BED=J>; I>;7H PED;I�97B9?J;��� ?IF7HJ?7BBOH;9HOIJ7B�
B?P;:7D: 8; 9EC;I ;BED=7J;: 7D: H;�EH?;DJ;: 9E>;H;DJBO?DJEJ>; I>;7H
PED; EH?;DJ7J?ED� !?=	 � � �	 �EJ> I7C FB;I �+' �� �� 7D: +' �� �
� 7BIE
9EDJ7?D�� ��
� LEB	� I;HF;DJ?D?J;9B7IJIH7D=?D=?DI?P; <HECI;L ;H7B9;D�
J?C;JH;I JE7 <;M C?BB?C;J;HI	 $D=;D;H7B�J>; B7H=;IJ9B7IJI7H; 8HEA;D
?DJEIC7BB;HF?;9;I M>;D ;C 8;: :;: 7D: :?I FB79;: 7BED=J>; I>;7H�PED;I
7I I?=CE?:7BFEHF>OHE9B7IJI	/>; I;HF;DJ?D;9B7IJI9EDI?IJ E<C7=D;J?J;
7D: 7DJ?=EH?J;I>EM?D=J78KB7H7D: ?DJ;HBE9A?D=J;NJKH;I=HEMD7J J>;
;NF;DI; E<C;I> �B?A;B?P7H:?J;
9>HOIEJ?B;	$DI>;7H PED;I� J>?D:7HA]BCI
E<7DJ?=EH?J;7H; ?DJ;HB7O;H;: M?J>J>; 97B9?J;�
�� =?L?D=JEJ>; HE9A7D
. � B?A;J;NJKH;	/>; I;HF;DJ?D?J;9B7IJI?DJ>;I; I7C FB;I J>KI :; H?L;
<HEC7D;7HBOIJ7=; E<E9;7D?9I;HF;DJ?D?P7J?ED7D: 97H8ED7J?ED	

� A;O<;7JKH;F;HJ7?D?D=JEJ>;I; I7C FB;I ?IJ>; H;FB79;C;DJ E<7DJ?=�
EH?J;M?J>?DJ>; 9B7IJI8OD;E8B7IJ?997B9?J;	 �7B9?J;EL;H=HEMJ>IE99KH
7BED=J>; 9EDJ79JI8; JM;;D 7DJ?=EH?J;7D: 97B9?J;M?J>?DJ>; I>;7H PED;I
7D: ?DI?:; J>; L7H?EKI I;HF;DJ?D;9B7IJI� !?=	 � ��	 />;I; J;NJKH;I?D:?�
97J; J>7JH;FB79;C;DJ E<I;HF;DJ?D;8O97B9?J;M7I :K; JEsyn�:; <EHC7�
J?ED?D]BJH7J?ED8O97H8ED?9̂K?:I	

3.2.2. Blueschist-faciesophicarbonates
.7C FB;I �0� 7D: �0 �� �� H;FH;I;DJ EF>?97H8ED7J;I H;�;GK?B?8H7J;:

7J 8BK;I9>?IJ�<79?;I P-T 9ED:?J?EDI	�0� 9EDI?IJI E<9E7HI; I;HF;DJ?D?J;
9B7IJI?D7 9E7HI;�=H7?D;:97B9?J;C7JH?N	$DJ>; 9B7IJI�7DJ?=EH?J;EL;H�
=HEMI;7HB?;HI;HF;DJ?D;C?D;H7BI7D:� ?DJ>; C7@EH?JOE<J>; 9B7IJI�J>;
EH?=?D7BI;HF;DJ?D?J;J;NJKH;?I 9HEII�9KJ7D: EL;H=HEMD8OD;JMEHAIE<
97B9?J;�8;7H?D=L;?DI	 />; 9E7HI;�=H7?D;:C7JH?N�<EHC?D=97B9?J;?I 7D�
>;:H7B7D: I>EMI 9EHHE:;: =H7?D8EKD:7H?;I�KD:K BEI; ;NJ?D9J?ED�7D:
78HKFJ9>7D=; ?DJ>; JM?D=HEMJ>�<;7JKH;IJ>7JJE=;J>;H H;FH;I;DJ :; �
<EHC7J?ED:KH?D=9HOIJ7BB?P7J?ED	/>; 97B9?J; =H7?DI<EHC;: 7BED=J>;
9EDJ79JIM?J>J>; I;HF;DJ?D?J;9B7IJI7D: M?J>?DJ>; <H79JKH;D;JMEHA
� !?=	 � �� :?I FB7O;BED=7J; J;NJKH;I IK==;IJ?D=IOD�:; <EHC7J?ED9HOIJ7B�
B?P7J?ED	

.7C FB; �0 �� �� I>EMI J>; :; L;BEFC;DJ E<97H8ED7J;�H?9>I>;7H
PED;I 7BJ;HD7J?D=M?J>:E C7?DI M?J>78KD:7DJ I;HF;DJ?D?J;9B7IJI	/>;
I>;7H PED; J;NJKH;I 7H; GK?J;I?C?B7HJE J>EI; ?D I7C FB;I +' �� ��
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Fig. 2. +>EJEC?9HE=H7F>IE<J>; J;9JED?9
>O:HEJ>;HC7B�*�$� 7D: I;: ?C;D J7HO�*�$$� EF>?97H8ED7J;I <HECJ>; )EHJ>;HD�F;D D?D;I���� F7H7BB;B7D: ��� 9HEII;: FEB7H?P;: B?=>JC?9HEF>E�
JE=H7F>IE<9ECFB;J;BO97H8ED7J;: I;HF;DJ?D?J;9B7IJ	 GK7DJ97B9?J;=H7?DIEL;H=HEM?D=FI;K:E CEHF>?9I;HF;DJ?D;C?D;H7BI?DJ>; 9;BBE<C;I> J;NJKH;7D: 7 ]BC E<>;C7J?J; =HEMD
7BED=J>; 8EH:;H� =?L?D=J>;C 7 =>EIJ�B?A;J;NJKH;�*�$ �� ()/ �� ����	 ��� !EHC;H FEHF>OHE9B7IJE<I;HF;DJ?D?P;:FOHEN;D; �?	;	� 87IJ?J;�H;: :7I>;: B?D;�F7HJ?7BBO97H8ED7J;: 9EKFB;: M?J>

<EHC7J?EDE<E9;7D?9=7HD;J 7BED=J>; 9B;7L7=; �*�$ �� $.� �� ����	 ��� /7B9 7==H;=7J;I EL;H=HEM?D=9E7HI;=H7?DIE<97B9?J;?DJ7H:?L; L;?DI	 />?I H;FH;I;DJI J>; B7IJFHE9;II 7<<;9J?D=J>;

E9;7D?9EF>?97H8ED7J;I �*�$ �� ()/ �� ����	 � � �EOJHE?:7BL;HIKI ?HH;=KB7H8BE9AO97B9?J;?DL;?D�*�$$ �� ."�� ����	 �!� �7B9?J;?DI;: ?C;D J7HOC7JH?NH?9>?D>;C7J?J;	 .;L ;H7BI;HF;DJ?D?J;

�.;HF� 9B7IJIM?J>?HH;=KB7HI>7F; 7H;L?I?8B;�*�$$ �� ()/ �� ��
�	 �!EH ?DJ;HFH;J7J?EDE<J>; H;<;H;D9;I JE9EBEKH?DJ>?I]= KH;B;=;D:� J>; H;7:;H ?IH;<;HH;:JEJ>; M;8 L;HI?EDE<J>?I7HJ?9B;	�

7D: +' �� �
 7D: 7H; 9>7H79J;H?P;: 8O H;�EH?;DJ7J?EDE< 97B9?J; 7D:
I;HF;DJ?D?J;9B7IJI7BED=J>; I>;7H <EB?7J?ED7D: 8O 9HOIJ7BB?P7J?EDE<
D;E8B7IJ?997B9?J; ;C 7D7J?D=<HECJ>; =H7?D8EKD:7H?;IE<<EHC;H 97B�
9?J;� !?=	 � ��	 �; <EHC7J?EDM?J>?DJ>; I>;7H PED;IB;7:I JE<H79JKH?D=E<
J>; I;HF;DJ?D?J;9B7IJI�=H7?DI?P; H;:K9J?ED�7D: KD?<EHCEH?;DJ7J?EDE<
J>; 7DJ?=EH?J;̂ 7A;I	 2?J>?DJ>; I>;7H PED;I� J>; C7JH?N97B9?J;?I L;HO
]D; �=H7?D;:�C7N?CKC ��� �{C� 7D: I>EMI >;J;HE=H7DKB7H7D: >OF?:�
?EJEF?9<78H?9JOF?97BE<:OD7C?9H;9HOIJ7BB?P7J?ED7D: ?CF7HJ?D=7 C7H�
8B;�B?A;J;NJKH;	/>; B79AE<JM?DB7C;BB7;?DJ>?IJOF;E<97B9?J;IK==;IJI
7D?D9H;7I; ?DJ>; T 9ED:?J?EDIM?J>H;IF;9J JEJ>7J;NF; H?;D9;: 8OJ>;
9E7HI;�=H7?D;:97B9?J;9HOIJ7BI	

3.2.3. Eclogite-faciesophicarbonates
.7C FB;I <HECJ>; '7 +;I97 BE97B?JO�'+��  *�� 7D: '+��  *���

:?I FB7O7D 7DJ?=EH?J;� 97B9?J;� C7=D;J?J;� \ >O:HE�=7HD;J ?DI7C �
FB; '+��  *��� C?D;H7B7II;C 8B7=;	 �I ?DJ>; E9;7D?9I7C FB;I� =7H

D;J <EHCI7BED=J>; 9B;7L7=;I E<J>; I;HF;DJ?D?P;:FOHEN;D; 7D:� BE�
97BBO�7HEKD:C7=D;J?J;FE:I :?I FB79;: 7BED=J>; C7?D<EB?7J?ED� !?=	
�  �	 �I E<J;D E99KHI?DI;HF;DJ?D?J;�J>; C7=D;J?J;FE:I C7O:; H?L;<HEC
E9;7D?97BJ;H7J?ED7D: H;9HOIJ7BB?P7J?EDE<�H�H?9>C7DJB; IF?D;B	/>;
C7?D:?<<;H;D9; 8; JM;;D J>; JME'7 +;I97 I7C FB;I ?I J>; IJHED=:; <EH�
C7J?ED7<<;9J?D='+��  *��� 7 J;NJKH;I?C?B7HJE J>7JE<I7C FB;I �0
�� �� 7D: +' �� ��
 
	 �; IF?J; J>; J;NJKH7BI?C?B7H?JOJE�0 �� �� 7D: +'
�� ��
 
� :; <EHC;: 97B9?J;?DI7C FB; '+��  *�� ?I CK9> ]D;H�=H7?D;:
7D: 9EDJ7?DICEH; ;GK?=H7DKB7H<78H?9I7D: >OF?:?EJEF?9JE ?:?EJEF?9
9HOIJ7BI	.7C FB; '+��  *�� B7H=;BO9EDI?IJI E<97B9?J;L;?DI 9KJJ?D=J>;
;DJ?H;HE9AIJHK9JKH;7D: IK==;IJ?D=B7J;�IK8 :K9J?ED�H;B7J;:�� ?D]BJH7�
J?EDE<� �8;7H?D=̂ K?:I 7BED=<H79JKH;I	

/>; .	 �DD7 EF>?97H8ED7J;I 7H; J>; EDBOI7C FB;I I>EM?D=:EBEC?J;
7D: C7=D;I?J; 7IIE9?7J;: M?J>7DJ?=EH?J;�C7=D;J?J;� C?DEH9>BEH?J;�
7D: :?EFI?:;	 $DJ>;I; HE9AI�9E7HI; FEHF>OHE9B7IJ?9C7=D;I?J; E99KHI
M?J>?D J>; <EB?7J?ED FHE:K9;: 7J >?=>�P 9ED:?J?EDI� FHE87
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Fig. 3. +>EJEC?9HE=H7F>IE<J>; IK8:K9J;: EF>?97H8ED7J;I	 ��� *B: ;BED=7J;: 7D: IJH7?D;: 97B9?J; =H7?DI�F7HJ?7BBOH;9HOIJ7BB?P;: 7BED==H7?D8EKD:7H?;I	 �EC FB;J; H;9HOIJ7BB?P7�
J?EDE<KD�JM?DD;: 97B9?J;I 7BED=C7@EHI>;7H PED; ?I L?I?8B; �+' �� ��
�	 ��� -; �EH?;DJ;: I;HF;DJ?D?J;9B7IJ7BED=J>; I>;7H PED; F7HJ?7BBO97H8ED7J;: ��7H8 9B7IJ�	-;B?9JE<JM?DD;:

97B9?J;I 7H; L?I?8B; ;D9BEI;: ?D H;9HOIJ7BB?P;: FHE=H7:; 97B9?J; COBED?J;I�+' �� ��
�	 ��� .JH;J9>;: I;HF;DJ?D?J; 9B7IJ �.;HF� M?J> C?9HE<H79JKH;I 7D: FH;IIKH; I>7: EMI
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]BB;: 8Osyn�J;9JED?9;NJ;DI?ED7B97B9?J;�]8;HI �.OD�J;9J	 97B9?J;�	 .OD�J;9JED?997B9?J;?I FHE878BOB?DA;:JEJ>; E9;7D?9IJ7=; ��0��	 ��� �? D7C?9H;9HOIJ7BB?P7J?EDE<EB: IJH7?D;:97B9?J;
FEHF>OHE9B7IJIFHE:K9?D=]D; KDJM?DD;:97B9?J;=H7?DI��0 �� ����	 � � "H;;D =7HD;J ��D :H7:?J;� 7IIE9?7J;: M?J>EN?:; ��H �C7=D;J?J;�� �H�C=J� 7D: 97B9?J;7BED=C7@EH:; <EHC7J?EDPED;
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4. Methods

4.1. Bulk rocks
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4.3. Isotopicanalyses
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5. Results

5.1. Bulk rock major and traceelementconcentrations
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 �	��
 �	��� �	��� �	��� �	��� �	��� �	��
.8 �	��� �	��� �	��
 �	��� �	��� �	��� �	��� �	��� �	�� �	��� b.d.l. �	��� �	��� �	
�� �	
�� �	��� b.d.l.
�I b.d.l. �	�� �	��� �	�

 �	
�� �	��� �	��� �	��� �	��� �	�
� �	��
 �	��� �	��� �	�
� �	��� �	��� �	���
�7 �	�� ��	�� �	�
 �	�� �	�� �	�� �	� 
	�
 �	�� 
	�� 
	� �	
� 
	�� �	�� �	
� 
	�� �	��
'7 �	��� �	��� �	�� �	��
 �	�� �	
�� �	��� �	��� �	��� �	��� �	��� �	�� �	��� �	��� �	��� �	��� �	���
�; �	�� �	��
 �	��� �	�
� �	��� �	

� �	��
 �	��� �	�� �	�� �	��� �	
�� �	��� 
	�� �	��� �	

� �	���
+H �	��� �	�
� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�� �	�� �	��� �	�� �	���
): �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�� �	��� �	��� �	��
 �	�
� 
	
�� �	�� �	�
� �	���
.C �	��� �	��� �	�
� �	�
� �	��� �	��� �	��� �	�� �	��� �	��� �	��� �	��� �	��
 �	�� 
	��� �	��� �	���
 K �	�
� �	
�� �	��� �	�
� �	��
 �	��� �	��� �	��� �	�� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	���
": �	��� �	�
� �	�� �	�� �	��� �	��
 �	��� �	

� �	��� �	�
 �	��� �	��
 �	
�� �	�� �	
�� �	��� �	�
�
/8 �	�
� �	�� �	�� �	�� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�� �	��
 �	��� �	��� �	�� �	���
�O �	��� �	��� �	�� �	��� �	��� �	��� �	��� �	
� �	��
 �	�
� �	��� �	��� �	
�� �	
�� �	��� �	
�� �	���
#E �	��� �	��� �	�

 �	�
 �	��� �	��� �	��� �	��
 �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	���
 H �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�
� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�
�
/C �	�
� �	��� �	��
 �	��� �	��� �	��� �	��� �	�
� �	��� �	��
 �	��
 �	��� �	�� �	�
� �	��� �	�� �	���
48 �	��� �	��� �	�� �	��� �	�� �	��� �	�� �	��� �	�
� �	��� �	��
 �	��
 �	��� �	��� �	
�� �	
�
 �	�
�



UNCORRECTED PROOF
Table 1 �Continued�

Oc. serp. Limestone Oc. tectonic ophicarbonates Oc. Sedimentary ophicarbonates Prograde ophicarbonates Eclogite facies ophicarbonates

()/
���� 5-'�����

()/
���� 5-'����� 5-'����� $.������ ."����� ."����


()/
���
 +'����� +'����
 �0�� �0����� .������ .������

'+��
 *��

'+��
 *��

GPS sample
location

N
44.19811

N
44.34558

N
44.19811

N
44.34558

N
44.34558

N
44.32808

N
44.19654

N
44.19654

N
44.19811

N
44.53202

N
44.53202

N
44.58542

N
44.58542

N
44.40907

N
44.40907

N
44.55364

N
44.55364

E
9.58860

E
9.45221

E
9.58860

E
9.45221

E
9.45221

E
9.44154

E
9.58915

E
9.58915

E
9.58860 E 88.181 E 88.181

E
6.92014

E
6.92014

E
8.54205

E
8.54205

E
8.44636

E
8.44636

'K �	�
� �	��� �	��� �	��� �	�

 �	��� �	��� �	��
 �	��� �	��
 �	��
 �	��� �	��� �	�
� �	��� �	��
 �	���
#< �	�
� �	��� �	��
 �	��� �	��� �	��
 �	��� �	��
 �	��� �	��� �	��� �	�� �	�
 �	��� �	��� �	��� �	���
/7 b.d.l. �	��
 �	��� b.d.l. b.d.l. �	��� �	��� �	��
 b.d.l. �	��� �	��� �	��� �	��� �	��� �	��
 �	��� b.d.l.
+8 �	��� �	��
 
	
�� b.d.l. �	��� �	��� �	��� �	
�� b.d.l. �	��� �	��� �	��� b.d.l. 
	��
 �	�� �	��� b.d.l.
/> �	��� �	��� �	��
 �	��
 �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�
� �	���
0 �	��� �	�� �	
�
 �	��� �	��� �	��� �	� �	��� �	��� �	
�� �	

� �	��� �	��� �	��
 �	��� �	��� �	���

n.d. � DEJ:;J;HC?D;:	
b.d.l. � 8;BEM:;J;9J?EDB?C?JI	

7 # a
 * 97B9KB;:7I :?`;H;D9; 8;JM;;D '*$ �BEII E<?=D?J?ED�7D: �* a
 C;7IKH;:	
8 �7J7 F;<EHC;: 7J/$(. 	
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=7J;:	 />; C7@EH;B; C;DJ 9ECFEI?J?EDIE<*�$ 7D: *�$$ EF>?97H8ED�
7J;I FBEJ7BED=7 B?D;7H 7HH7O?D7 �7*� (=* 7D: .?* a
 :?7=H7C� 7I
:E J>; IK8:K9J?ED�H;B7J;: EF>?97H8ED7J;I	 .?C?B7HL7H?7J?EDI?D�* a


7D: # a
 * M?J>H;IF;9J JE(=* 7D: �7* 7H; :?I FB7O;: <EH7BBEF>?97H�
8ED7J;I� M?J>HE9AII>EM?D=CEH; ;L ?:;D9; E<H;9HOIJ7BB?P7J?ED:KH�
?D=IK8:K9J?EDFHE9;II;I �;	=	 +' �� �
� �0 �� �� 7D: '+��  *��� FBEJ�
J?D=D;7HJ>; �* a
 �H?9>;D: �C;C 8;H � !?=	 � �	 .7C FB; .� �� ��� M>?9>

9EDJ7?DIC7=D;I?J;� >7I 7 IB?=>JBO>?=>;H(=* 9ED9;DJH7J?ED7D: 7
BEM;H�7* 9ED9;DJH7J?EDIJ>7DJ>; EJ>;HIK8:K9J?ED�H;B7J;: EF>?97H�
8ED7J;I � !?=	 � �	

/H79; ;B; C;DJ M>EB;�HE9A9ECFEI?J?EDIE<J>; I7C FB;I 7H; H;FEHJ;:
?D /78B; � 7D: ?D !?=	 � 	 />; FKH; I;HF;DJ?D?J; I7C FB; ()/ �� ��
I>EMI BEM-  9ED9;DJH7J?EDIM?J>H;IF;9J JE FH?C?J?L; C7DJB; L7B�
K;I �+(� (9�EDEK=> 7D: .KD� ���� � 7D: 7 D;=B?=?8B; D;=7J?L;  K

Fig. 4. �KBA�HE9AC7@EH;B; C;DJ :7J7 I>EM?D=J>; H;B7J?EDI>?F8; JM;;D �7*� (=* 7D: .?* a
 E<EF>?97H8ED7J; HE9AI7I M;BB7I L7H?7J?EDI?D�* a
 7D: # a
 * M?J>H;IF;9J JE(=* 7D: �7*	
*9;7D?9 7D: IK8:K9J;: EF>?97H8ED7J;I <7BB?D8; JM;;D FKH;I;HF;DJ?D?J;7D: B?C;IJED; ;D: �C;C 8;HI	

��
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Fig. 5. +H?C?J?L; C7DJB;DEHC7B?P;: � (9�EDEK=> 7D: .KD� ���� � -7H;  7HJ> B; C;DJ �-  � 7D: JH79;;B; C;DJ F7JJ;HDIE<EF>?97H8ED7J;I <HECE9;7D?9��� �� 7D: IK8:K9J?ED��� ��
IJ7=;I	 $D��� J>; =H;O];B: H;FEHJJ>; H7D=;E<J>; F;H?:EJ?J;I <HEC$DJ;HD7B'?=KH?:;� -7CFED; ;J 7B	����� �	 $D��� 7D: ���� J>; =H;O];B:I H;FH;I;DJ J>; -  7D: JH79;;B; C;DJ F7JJ;HDE<
J>; E9;7D?9EF>?97H8ED7J; ?BBKIJH7J;:?D��� 7D: ���	

7DEC7BO	/>; IJHED=B?=>J�'�-  :; FB;J?EDH;B7J?L;JE9ED9;DJH7J?EDIE<
C;:?KC �(�-  7D: >;7LO �#�-  �'7 a) 
): a) � �	��� .C a) 
#E a) � �	���
 Ha) 
'K a) � �	��� IK==;IJI 7 :; FB;J;: >7HP8KH=?J; FHEJEB?J>	/>; B?C;�
IJED; I7C FB;5-' �� �� ?I ;DH?9>;:?D'-  JE(-  M>;H;7I J>; #-  
7H; 7BCEIJ ^7J �'7 a) 
): a) � 
	��� .C a) 
#E a) � 
	���  Ha) 
'K a) � �	���	
/>?I I7C FB;I>EMI 7 D;=7J?L; K 7DEC7BO�� K 
 K a�B� aN � �	���	

*�$ HE9AI>7L; 9ECFB;N-  F7JJ;HDI� I>EM?D=L7HO?D=:; =H;;I
E<;DH?9>C;DJ ?D'-  �'7 a) 
): a) � �	�� ���	��� 7D: H;B7J?L; :; FB;J?ED
?D (-  7D: #-  8KJ M?J>I?C?B7H.C a) 
#E a) 7D:  Ha) 
'K a) H7J?EI
��	�� 7D: �	�
� H;IF;9 J?L;BO�9ECF7H;: JE FKH; I;HF;DJ?D?J; I7C FB;	
*DBO I7C FB; $.� �� �� I>EMI 7 >?=>;H 9ED9;DJH7J?EDE< (-  
�.C a) 
#E a) � �	���	 *< J>; *�$ I7C FB;I� 5-' �� �� ?IJ>; EDBOHE9AM?J>7
FEI?J?L; K 7DEC7BO	/>; -  F7JJ;HDIE<J>; I;: ?C;D J7HOEF>?97H8ED�
7J;I �*�$$� 7H;9ECF7H78B;JEJ>EI; E<J>; *�$ HE9AI�M?J>J>; ;N9;FJ?ED
E<I7C FB;." �� �
 J>7J?I<7HCEH; ;DH?9>;:?D7BB-  �'7 a) 
): a) � �	���
.C a) 
#E a) � �	���  Ha) 
'K a) � �	���� 7BJ>EK=>J>; 9ED9;DJH7J?EDI7H; 7BB
8; BEMJ>EI; E<FH?C?J?L;C7DJB;JEM>?9>J>;O7H;DEHC7B?P;:	 �BBEF>?�
97H8ED7J;I >7L; D;=7J?L; �; 7DEC7B?;I�M?J>��;
 �; a�B� a) H7D=?D=<HEC
�	�
 JE�	��	

+KCF;BBO?J;�79J?DEB?J;�<79?;I EF>?97H8ED7J;I �+' �� �� 7D: 
� 7H;>E�
CE=; D;EKI ?DJ>;?H78KD:7D9;I E<-  M?J>9ED9;DJH7J?EDI<7HBEM;H
J>7DJ>EI; E<J>; FH?C?J?L; C7DJB;	 *L;H 7BB�J>;?H-  9ED9;DJH7J?EDI
:?<<;H=H;7JBO<HECJ>EI; E<J>; E9;7D?9EF>?97H8ED7J;I	 (EH; IF;9?<�
?97BBO�J>;O I>EM ;DH?9>C;DJ ?D'-  �'7 a) 
): a) � 
	��� M?J>EKJD;=�
7J?L; �; 7DEC7B?;I� H;B7J?L;BO^7J (-  7D: #-  F7JJ;HDI
�.C a) 
#E a) � �	���  Ha) 
'K a) � �	���� 7D: FEI?J?L;  K 7DEC7B?;I �� K

 K a�B� aN � �	���	

�BK;I9>?IJ�<79?;I EF>?97H8ED7J;I �0� 7D: �0 �� ��� >7L; I?C?B7H
-  F7JJ;HDI� :?<<;H?D=EDBO?DJ>;?H#-  9ED9;DJH7J?EDI�J>; B7JJ;H

BEM;H?D I7C FB; �0 �� �� � Ha) 
'K a) � 
	�� 7=7?DIJ�	���	 />;O :?I �
FB7O7 IB?=>J;DH?9>C;DJ ?D'-  �'7 a) 
): a) � �	�� ���	���� IB?=>J:; FB;�
J?ED?D(-  �.C a) 
#E a) � �	
� ���	��� 7D: FEI?J?L;  K 7DEC7B?;I�� K

 K a�B� aN � �	�� ���	���	 !EH J>;I; I7C FB;I� 7BB+( �DEHC7B?P;: -  9ED9;D�
JH7J?EDI<7BB8; JM;;D �	� 7D: �	

/>; ;9BE=?J;�<79?;I EF>?97H8ED7J; '+��  *�� I>EMI '-  ;DH?9>�
C;DJ �'7 a) 
): a) � 
	
�� M?J>7 IJHED=D;=7J?L;�; 7DEC7BO�7D: ;DH?9>�
C;DJ E<(-  H;B7J?L; JE#-  �.C a) 
'K a) � �	���	  K HEF?KCI>EMI 7
IB?=>JD;=7J?L; 7DEC7BO	.7C FB; '+��  *�� I>EMI 7 I?C?B7H-  F7J�
J;HD�'7 a) 
): a) � �	�� 7D: .C a) 
'K a) � �	�
�� 8KJ78EKJ� EH:;H E<C7=�
D?JK:; BEM;HEDJ>; DEHC7B?P;: FBEJ	/>; D;=7J?L; �; 7DEC7BO?I B;II
FHEDEKD9;: 7D:  K I>EMI 7 IB?=>JFEI?J?L; 7DEC7BO	/>; ;9BE=?J;�<7�
9?;I I7C FB;.� �� ��� <HECJ>; .	 �DD7 BE97B?JO?DJ>; 1EBJH?(7I I?<�:?I �
FB7OI7 BEM'7 a) 
): a) H7J?E��	��� 7D: I>EMI (-  ;DH?9>C;DJ H;B7J?L;
JE#-  �.C a) 
'K a) � �	���	 />; C7=D;I?J;�8;7H?D=EF>?97H8ED7J; �.�
�� ��� I>EMI ;DH?9>;: -  9ED9;DJH7J?EDI�H;B7J?L;JEFH?C?J?L;C7DJB;
L7BK;I� M?J>'-  BEM;HJ>7D(-  7D: #-  �'7 a) 
'K a) � �	��� 7D: 7B�
CEIJ ^7J #-  � Ha) 
'K a) � �	�
�	 �EJ> .� �� �� 7D: .� �� �� I>EM D;=�
7J?L; K 7DEC7B?;I	

/>; FH?C?J?L;C7DJB;�DEHC7B?P;: �+(� (9�EDEK=> 7D: .KD� ���� �
JH79;;B; C;DJI 9ED9;DJH7J?EDIE<J>; I;HF;DJ?D?J;;D: �C;C 8;H � !?=	 � ��
7H; I?C?B7HJE J>EI; E<I;7^EEH I;HF;DJ?D?J;I?CF7HJ;: 8O ?DJ;H79J?ED
M?J>I;7 M7J;H�:; H?L;: ^K?:I	 />;I; I?C?B7H?J?;I ?D9BK:; ;DH?9>C;DJ ?D�
?D�KF JE��� J?C;I +(� 7D: FEI?J?L;7DEC7B?;I?D'?� +8� �I� .8 7D: .H�
8KJ7BM7OI7J9ED9;DJH7J?EDIBEM;HJ>7DJ>EI; E<J>; FH?C?J?L;C7DJB;	
�; I?KC 7D: -8 9ED9;DJH7J?EDI7H;8; BEM:; J;9J?EDB?C?JI7D: �7� 0 7D:
/> 9ED9;DJH7J?EDI7BIE7H;L;HOBEM	

�7H8ED7J?EDFHE9;II;I B;7: JE L7HO?D=:; =H;;I E< ;DH?9>C;DJ ?D
'$' 7D: ^K?:�CE8?B;;B; C;DJI �!( � ;	=	� �I� .8� 0� .H 7D: '?� ?D
J>; E9;7D?9EF>?97H8ED7J;I *�$ 7D: *�$$ � !?=	 � ��	 .?C?B7H?JO?DJ>;

�
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;NJ;DJI E<;DH?9>C;DJ ?D'$' � �� 0� />� +8 7D: '? ?I 9ECCED <EHJ>;
IK8:K9J?ED�H;B7J;: EF>?97H8ED7J;I � !?=	 � ��	 />; JH79;;B; C;DJ 9ECFE�
I?J?EDIE<J>; ;9BE=?J?9I7C FB;I 7H;9ECF7H78B;JEJ>EI; E<J>; EJ>;HIK8�
:K9J?ED�H;B7J;: EF>?97H8ED7J;I� M?J>J>; C7?D:?<<;H;D9;I 8; ?D=J>;?H
>?=>;H+8� �I 7D: .8 9ED9;DJH7J?EDI	)?E8?KC7D: /7 9ED9;DJH7J?EDI?D
I7C FB;.� �� �� 7H;D;7HFH?C?J?L;C7DJB;L7BK;I M>;H;7I J>; 9ED9;DJH7�
J?EDIE<J>;I; ;B; C;DJI ?D7BBEJ>;HI7C FB;I 7H;L;HOBEM�8; JM;;D �	��

7D: �	� DEHC7B?P;: JE+( L7BK;I�	

5.2. Mineral chemistryand in situ traceelementconcentrations

(7 @EH;B; C;DJ 9ECFEI?J?EDIE<H;FH;I;D J7J?L; 7D7BOI;I E<C?D;H7BI
?D;79> I7C FB; 7H; H;FEHJ;: ?DJ>; /78B; I 
 7D: � 7D: ?DJ>; .KF�
FB;C;D J7HO/78B; .� 7D: 7 :; J7?B;: :; I9H?FJ?EDE<J>; 9>;C ?IJHOE<
J>; HE9A�<EHC?D=C?D;H7BI ?I H;FEHJ;: ?DJ>; .KFFB;C;D J7HO(7 J;H?7B
�	 �H?;^O� J>; I;HF;DJ?D;<HECE9;7D?97D: IK8:K9J?ED�H;B7J;: EF>?97H�
8ED7J;I I>EMI C7@EH;B; C;DJ 9ECFEI?J?EDI?C?B7HJE J>7JE<I;HF;D�
J?D;?DJ>; FKH; I;HF;DJ?D?J; I7C FB; 9>7H79J;H?P;: 8O >?=>(=* 7D:
.?* a
 9EDJ;DJI 7D: L7HO?D=7CEKDJIE</?* a
 � �Ba
 * a� 7D: �Ha
 * a� H;B7J;: JE
J>; C7DJB;C?D;H7BJ>7JM7I H;FB79;: �?	;	� EB?L?D;EHFOHEN;D;I�	 �7B�
9?KC��97H8ED7J; ��7�* a� � ?I J>; :EC ?D7DJ9ECFED;DJE<J>; 97H8ED7J;I
?D7BBE9;7D?97D: IK8:K9J?ED�H;B7J;: EF>?97H8ED7J;I �� ����� ;N9;FJ
?D;9BE=?J?9I7C FB;I .� �� �� 7D: .� �� ��	 />; B7JJ;HJMEI7C FB;I 9ED�
J7?DC7=D;I?J; �(=�* a� � �
� 7D: !;�* a� � ���� 7D: :EBEC?J;�M?J>7
�7
 (= H7J?ED;7H�	
� 7I J>; CEIJ 78KD:7DJ 97H8ED7J; C?D;H7BI	

/>; ?D�I?JKJH79;;B; C;DJ 9ECFEI?J?EDIE<I;HF;DJ?D;I7D: 97H8ED7J;I
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5.3. Isotopegeochemistry

5.3.1. Carbonand oxygenisotopecompositionsof carbonates
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 �	� �	� �	�
 �	�� �	��� �	��� �	� �	�� �	

 �	�
 �	� �	�

'7 �	��
 �	��� <0.013 �	��� �	��
 �	��� �	��
 �	��� �	�� �	��� �	��� �	��� �	�
 �	��� �	��
 �	��� �	��� �	��� �	�
� �	��� �	��� �	��� �	� �	�� �	�� �	��
�; �	��
 �	��� <0.020 �	��� � �	��� �	��� �	�
� �	��� �	�
� �	��� �	��� �	�
� �	��� �	�

 �	��� �	��� �	��
 �	�
� �	��� �	��
 �	�� �	�
 �	�
 �	
 �	�� �	��
+H �	��� �	��� <0.011 �	��� � �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�� �	��� �	��� �	��� �	��� �	��
 �	��
 �	��� �	��� �	���
): �	��
 �	�
� �	�
 �	�� �	��
 �	��� �	��� �	��� �	�� �	��� �	��� �	�
� �	��� �	��� �	��� �	�
� �	�
 �	�� �	��� �	��� �	�

 �	��
 �	��� �	��� �	
� �	�� �	�� �	��
.C �	��� �	��� �	
� �	�� �	��� �	��
 �	�� �	�� �	��� �	��� �	�
� �	��� �	�
� �	��� �	��� �	��� �	��� �	�� �	��� �	��
 <0.018 �	��� �	��� �	��� �	�� �	��
 K �	��� �	��� <0.028 �	�
� �	��� �	��� �	��� �	��� �	��� �	�
� �	��� �	�
� �	��
 �	��� �	��� �	��� �	��� �	��� �	�
� �	��� �	��
 �	��� �	��� �	�
� �	��
 �	��� �	���
": �	�� �	�� �	�� �	�� �	�
 �	�
 �	��� �	��� �	��� �	��� �	��� �	��� �	�� �	��� �	��� �	��
 �	� �	�� �	��� �	��� <0.006 �	�
� �	��� �	��� �	��� �	
� �	��
/8 �	��� �	��� �	�� �	��� �	�
� �	��� �	��� �	��� �	��� �	��� �	��� �	��
 �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�
� <0.002 �	��� �	��� �	�

 �	��� �	��� �	���
�O �	�� �	�� �	
� �	� �	
� �	�� �	
� �	�� �	��
 �	�
� �	��� �	�� �	��� �	��� �	��� �	��
 �	�
 �	�� �	��� �	��� �	�� �	
� �	��� �	��� �	�� �	�� �	�� �	

#E �	��� �	�� �	��� �	�
� �	�� �	��� �	��� �	��� �	��� �	��� �	��� �	��
 �	�
� �	��� �	�
� �	��� �	�
� �	��� �	�
� �	��
 �	��� �	��� �	��� �	��� �	��� �	�

 �	��� �	��

 H �	
� �	� �	
� �	�� �	�� �	�
 �	�� �	�� �	��� �	�
� �	��� �	��� �	��� �	�
� �	��� �	�� �	��� �	�
� �	��� �	��� <0.004 �	��� �	�
� �	�� �	�� �	�
 �	
�
/C �	��� �	��
 �	��� �	��� �	�
� �	��� �	��� �	��� �	�� �	��� �	��� �	��� �	��� �	��� �	��� �	��
 �	��� �	��
 �	��� �	�
 �	��� �	��� �	��� �	��� �	��� �	��
 �	��� �	���
48 �	
� �	�� �	�� �	�� �	�� �	�� �	
� �	� �	��� �	�
� �	��� �	��� �	�� �	�� �	��� �	��� �	�� �	�
 �	��� �	�� <0.020 �	��
 �	��� �	�� �	�� �	�� �	��
'K �	��� �	��� �	��� �	�� �	�� �	��� �	��� �	��� �	��� �	��� �	��� �	��
 �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�� �	��
 �	��� �	��� �	�
� �	��� �	��
 �	���
#< �	��� �	��� <0.037 �	�
� �	��� �	��� �	��� �	�
 �	��� �	��
 �	��� �	��� �	��� �	��� �	��� �	�� �	�� �	

 �	�� <0.012 �	�
� �	�
� �	��
 �	��� �	���
/7 <0.0002 <0.013 � <0.001 <0.001 �	��� �	��
 <0.003 �	��� � �	��� � <0.002 <0.005 �	��
 �	��� �	���
2 <0.003 <0.018 <0.002 �	��� �	��� �	�� �	��� �	��� �	�� �	��� �	��� <0.027 �	��� �	��� �	��� �	��� �	�
 �	
 <0.005 �	�� �	�� �	�
�
/B <0.001 <0.016 <0.001 <0.002 �	��� �	��� <0.001 �	�� �	� <0.012 <0.003 <0.002 <0.003 �	��� �	��� �	��� <0.008
+8 <0.004 <0.063 �	��� �	��
 �	��� <0.007 �	�� �	��� �	�� �	�� �	��
 �	��� �	��� �	�� �	��� �	��� �	�
� �	��� �	��� �	�� �	

 �	�� �	��
�? �	��� �	��� <0.013 <0.001 �	��
 �	��� <0.003 �	��� �	��� �	��� �	��� �	��
 �	��� � �	��� �	��� �	��
 �	��
 �	��� �	��� <0.008
/> �	��� �	��� <0.014 �	��� <0.001 <0.002 <0.002 �	��� <0.005 �	��� � �	��� <0.001 <0.002 �	��
 �	��� �	�

0 <0.0007 <0.013 <0.0003 �	�� �	
� �	
� �	�� �	�� �	�� �	�� �	�� �	
 �	�� �	�
 �	�� 
	� �	� �	��� �	��� 
	� � �	�� �	
� �	��� �	��
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Table 3
$DI?JKC7@EH�?DMJ	�� 7D: JH79;;B; C;DJ �?DFFC� 9ECFEI?J?EDE<97H8ED7J; C?D;H7BI<HECE9;7D?97D: IK8:K9J;: EF>?97H8ED7J;I 	

()/����� $.������ ()/����
 ."����� +'����
 �0� �0����� '+��� *�� '+��� *�� .������ .������

clast
(n = 14)

vein
(n = 5)

clast
(n = 28)

vein
(n = 4)

micrite
(n = 3)

vein
(n = 3)

micrite
(n = 14)

vein
(n = 12)

coarse
(n = 12)

shear
zone
(n = 8)

coarse
(n = 9)

vein
(n = 15)

coarse
(n = 9)

shear
zone
(n = 20)

coarse
(n = 13)

vein
(n = 11)

coarse
(n = 8)

shear
zone
(n = 20)

dolomite
(n = 21)

calcite
(n = 20)

magnesite
(n = 12)

sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd

.?* a
 <0.01 �	�� �	�
 �	
� �	� �	�
 �	�� �	
� �	� �	�
 �	�
 �	�� �	�� �	�
 �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	� �	�� �	�� �	�
 �	�� �	�� <0.01 �	�� �	��
/?* a
 <0.01 <0.01 �	�
 �	�
 �	�� �	�� �	�
 �	�� �	�� �	�� �	�� �	�� �	�
 �	�
 �	�� �	�� �	�
 �	�� �	�
 �	�
 �	�� �	�� �	�� �	�� �	�
 �	�
 �	�
 �	�
 �	�� �	�� �	�
 �	�
 �	�� �	�
 �	�� �	�� �	�� �	�� �	�
 �	��
�Ba
 * a� <0.01 <0.01 �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�
 �	�� �	�� �	�� <0.01 �	�� �	�� �	�� �	�� �	�� �	�� <0.01 �	�
 �	�
 �	�
 �	�
 �	�� �	�� �	�� �	�� <0.01 <0.01 �	�� �	��
!;* <0.01 <0.01 �	�� �	� �	�
 �	�� �	�� �	�� �	�� �	�
 �	� �	�� �	�� �	�� �	�� �	�� �	�
 �	�
 �	�� �	�� �	�� �	�� �	�� �	�� �	�
 �	�� �	� �	�� �	�� �	�� �	�� �	�
 <0.01 �	�� �	

 �	�� �	�� ��	�� �	�

(D* �	�� �	�� <0.01 �	
 �	�
 �	� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�
 �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�
 �	�
 �	�� �	�� �	�
 �	�� �	�� �	�� �	�� �	�� �	�
 �	��
(=* �	�
 �	�� �	�� �	

 �	�� �	�� �	�� �	�� �	�� �	�� �	
� �	

 �	�� �	
 �	�� �	�� �	�� �	�
 �	�� �	�� �	�� �	�� �	�
 �	�� �	�� �	�� �	
 �	�� �	�� �	�
 �	�� �	�� �	�� �	�� �	�� �	�� 
�	�� �	�� �	�� �	
� ��	�� �	��
�7* ��	�� 
	�� ��	�
 �	�� ��	�
 �	�� ��	�� �	�� ��	�� �	�� ��	�� �	�� ��	�
 �	�� ��	�� �	�� ��	�� �	�� ��	�� 
	�� ��	�� �	�� ��	�� �	
� ��	�� �	
 ��	� �	
� ��	�� �	�� ��	�� �	�� ��	�� �	�� ��	�� �	�� ��	� �	�� �
	� �	�� �	
� �	��
)7 a
 * �	�� �	�� <0.01 �	�
 �	�� �	�
 �	�
 �	�� �	�� �	�
 �	�
 �	�� �	�� �	�� �	�� �	�
 �	�� �	�� �	�� �	�
 �	�� �	�� �	�� �	�
 �	�� �	�� �	�� �	�� �	�� �	�
 �	�� �	�� �	�� �	�
 �	�� �	�� �	�� �	�� �	�� �	�� �	��
&a
 * <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 �	�� �	�� <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 �	�
 �	�� �	�� �	��
/EJ7B ��	�� �� ��	�� ��	�� ��	�� ��	�
 ��	�� ��	�� ��	�� ��	�� ��	�� ��	�� ��	�� ��	�� ��	�� ��	�
 ��	�� ��	�� ��	�
 ��	��

n= 14 n= 5 n= 2 n= 7 n= 18 n= 9 n= 3 n= 12 n= 15 n= 16 n= 9 n= 8 n= 11 n= 21 n= 18 n= 10 n= 19 n= 7 n= 12 n= 22 n= 6 magnesite
+ FI
(n = 11)

'? �	�� �	�� �	�� �	�
 �	��� �	�� �	�� �	�� <0.113 �	�� �	
� �	� �	� �	
 �	�� �	�� �	�� �	�
 �	�� �	��� �	��� �	� �	�� �	�� �	��� �	�
 �	�� <0.025 �	��� �	�
� �	��� �	�� �	�� �	
� �	�� �	
 �	
 <0.204 �	�� �	
�
� �	�� �	�� �	�� �	�� �	�� �	�� �	� �	� �	
� �	�� �	� �	� �	�� �	�� �	� �	� <0.294 �	�� �	�
 �	
� �	�� �	
� �	�� �	�� �	� �	�� �	�
 �	�� �	
� �	�� <0.688 �	� �	
� �	�� �	�� �	� �	�� 
	� �
.9 �	�� �	�� �	� �	
� �	��� �	��� �	� �	� �	� �	
 �	��
 �	��� �	� �	� �	� �	�� �	�� �	�� �	

 �	�� �	�� �	� �	�� �	�� �	�� �	�
 �	
� �	�
 �	��� �	��� �	��� �	��� �	��
 <0.291 �	� �	
� �	
 �	�
 �	

 �	�� �	
� �	��
1 �	�� �	�� �	
 �	��� �	��� �	�
 �	� �� �� 
	� �	� 
	� �	� �	��� �	��
 �	
 �	�� �	
� �	�� �	�� �	�� �	��� �	
� �	�
 �	�� �	��� �	��� <0.034 �	�
� <0.095 �	�� �	�� �	

 �	�� �	�� �	�� �	��
�H �	� 
	� 
	� �	� �	� �	
 �� � 
	� �	� �	��� �	��
 ��� 
�� 
	� �	� �	� 
	� �	� ��	� �	� �	� �	� �	� �	� �	� �	� �	
 �	� �	� �	� �	� �	� �	� <3.845 �	� �	� 
	� �	� � �	� �	
 �	�
�E �	
 
	� �	
� �	
� �	
� �	�� �	� �	� �� �� 
	� �	� �	� �	
 �	�� �	�� �	�� �	�� �	�� �	�� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�
� �	��� �	��� �	��� �	� �� � �	�� �	�� �� � �� �
)? �� �� �� � �	� 
	� �
� ��� �	�� �	�� �	��� �	��� �� � 
	� 
 �� � �� � �	� �	� �	� �	
 �	� �	� �	
 
	
 �	�� �	�� <2.4 
 �	� <5.116 �� 
� 
	� �	� ��� �� ��� ��
5D �	�� �	�� �	�� �	�� �	
� �	�� �	� � �	��� �	��
 �	��� �	��
 �	� 
	� � �	� <0.096 ��	��� � �	� <0.100 �	�� �	�� �	�� �	�
 �	
 <0.118 <0.081 <0.909 � �	� �	� �	� �� � �� �
�I <0.014 �	��� �	��� �	�
� �	�� �	��
 �	��� �	�
� �	��� �	��� �	�� �	�� �	�
� �	��� <0.020 ��	��� �	��� �	��� <0.012 �	��� <0.028 <0.013 <0.257 <0.012 <0.149 �	�� �	�� �	�� �	�� �	
�� �	�� �	��
-8 �	�
� �	��
 <0.007 �	��� �	��
 �	�
� �	��� �
 
� �� 
� �	��
 �	��� �	��� �	��� �	��� �	��� �	��� �	��
 <0.010 �	��� �	��� <0.018 <0.006 <0.044 <0.006 <0.088 �	��� �	��� �	��
 �	��� �	��� �	���
.H �� 
� ��� �� �
� �� �
� �� �	�� �	�� �	�� �	�� ��� 
� �� �� 
�� �� ��� �� ��� �� ��� 
�� ��� �
� ��� ��� �
� �� 425 
� 

� �� 
�� �� ��� �� ���� ��� �	
� �	
� 
	� 
	�
4 �	�
 �	�
 �	
� �	

 �	��� �	��� �	�
 �	�
 �	�

 �	�� �	

 �	�� �	�
 �	�� �	
�� �	
�� �	��� �	�� �	�� �	�� 
 �	� �	� �	
 �	� �	� �	� �	� �	
� �	�� �	
 �	�� �	�� �	�� �	
� �	�� �	
� �	�� �	�� �	� 
	� � �	� �	�
5H <0.008 �	�� <0.027 <0.001 �	��� �	��� <0.002 �	��� �	��
 �	��
 � <0.004 <0.011 �	�� �	�
 <0.007 �	��� �	��� �	��
 �	��� <0.005 �	��� �	��� <0.070 <0.008 <0.005 <0.011 �	���
)8 <0.005 <0.004 <0.003 <0.002 <0.004 <0.002 <0.001 <0.007 <0.002 <0.004 <0.002 �	��� �	��� �	��
 <0.004 <0.015 �	�
 �	��� �	�

 �	��� <0.002 <0.006 �	��� �	��
$D <0.004 <0.003 <0.014 <0.014 <0.005 <0.001 <0.001 �	��
 <0.002 <0.003 <0.001 <0.002 <0.003 <0.005 <0.002 <0.007 <0.002 <0.028 <0.005 <0.002 �	��� �	��� �	�
� �	���
.8 <0.020 <0.017 <0.075 <0.003 �	�
� �	��� <0.007 <0.007 <0.035 <0.010 <0.015 �	��
 <0.015 <0.017 <0.036 <0.014 <0.056 <0.014 <0.151 �	��� �	��� <0.030 �	��� �	���
�I <0.004 <0.004 �	�
� �	��� �	�
� �	��� �	� �	� <0.001 �	��� �	�
� �	��
 �	��� �	��� �	��� �	��� �	��� <0.006 �	�� <0.012 <0.004 <0.016 �	��� <0.040 �	��� <0.003 <0.010 �	��� �	�
�
�7 �	�� �	�� �	�� �	�� �	� �	� �	
 �	� �	��� �	��� �	��� �	��� 
	� � �	
 �	� 
 �	� 
 �	� �	
 �	� �	� �	� 
 �	� 
	
 �	� 
	� �	
 
	� �	� �	� �	� �	� �	� �	�� �	
� �	� �	� �	�
 �	

 �	� �	�
'7 �	��� �	��
 �	��� �	��
 �	��� �	��� �	��� �	��� �	��� �	��
 �	��� �	��� �	��� �	��
 �	�
� �	��� �	��� �	�� �	
� �	�
 �	�� �	�� �	��
 �	��� �	��� �	�� �	�� �	�� �	�� �	��� �	��� �	�� �	�� �	�� �	�� �	� �	� �	��� �	�� �	���
�; �	��
 �	��� �	��� �	��� �	��� �	��� �	��� �	�
� �	�
� �	��� �	��� �	��� �	��� �	�
� �	��� �	��� �	��� �	��
 �	� �	� �	�� �	�� �	�� �	
� �	�� �	
� �	�� �	�� �	�� �	��� �	��� �	�� �	�� �	
� �	�� �	
 �	� �	� �	� �	��� �	��� �	�� �	��
+H �	��� <0.003 �	��� <0.001 �	�
� �	��� �	�

 �	�
� �	�
� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�� �	�� �	��� �	��� �	�� �	��� �	�� �	�� �	�� �	�� �	�� �	�� �	�
� �	��� �	��� �	��� �	�� �	�� �	�� �	�� <0.008 �	��� �	�
�
): �	��� �	�
� <0.039 <0.014 �	��
 �	�
� �	��� �	��� �	�� �	�� �	��� �	��� �	��� �	�
� �	��� �	��� �	�� �	�� �	
� �	�� �	�� �	
� �	�� �	

 �	�
 �	
� �	�� �	�
 �	�� �	�� �	�� �	�
 �	�� �	�� �	� �	� �	�� �	��� �	�� �	��
.C �	��� �	��� �	��
 �	��� <0.018 �	��� �	��� �	��� �	��� �	��� �	�
� �	�
� �	��� �	�
� �	��� �	��� �	��� �	
� �	�� �	�� �	�� �	
� �	�� �	�� �	� �	��� �	��� �	��
 �	�
� �	��� �	��
 <0.235 �	�� �	�� �	�� �	
� �	��
 �	��� �	���
 K �	�
� �	�� �	��
 <0.003 �	��� �	��� �	��� �	��� �	�
� �	��� �	��� �	��� �	��
 �	��� �	�
� �	��� �	
� �	�� �	� �	�� �	�� �	�� �	�
 �	�� �	�� �	��� �	�
� �	�� �	��� �	��� �	�� �	��� �	��
 �	�� �	�� �	�� �	��� �	��� �	�
� �	��

": �	�� �	�� �	�� <0.037 <0.013 �	�� �	��� �	��� �	��� �	��� �	��� �	�
� �	�

 �	��� �	��� <0.028 �	�� �	
� �	�
 �	�� �	�� �	�� �	

 �	�
 �	��� �	��� �	�
 �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	��� �	�� �	��
/8 �	��� �	��� <0.006 <0.001 �	��� �	�� �	��� �	�� �	��� �	��� �	��� �	��� �	�� �	�� �	��� �	��� �	��� �	��� �	�
� �	��� �	��
 �	�
� �	��� �	�
� �	��� �	��
 �	��� �	��� �	��� �	��� �	�
� �	��
 �	��� �	�
� �	��� �	�
� �	��� �	�
� �	��
�O �	�� �	�� �	�
� �	��� <0.020 <0.007 �	��� �	��� �	��� �	��� �	��� �	�
� �	�
� �	��� �	�

 �	�

 �	��� �	�� �	
� �	�� �	�� �	�� �	�� �	
 �	� �	��� �	��� <0.049 �	��� �	�� <0.052 �	��� �	��� �	��� �	��� �	
� �	�� �	
� �	��
#E �	��� �	��� �	��� �	��� �	��� <0.001 �	��� �	�� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��
 �	�
� �	��� �	��� �	��� �	��� �	��� � �	��� �	��� �	�� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�


 H �	�� �	�� �	��� �	��� <0.023 <0.010 �	��� �	��� �	��� �	��
 �	��� �	��� �	�
� �	��� �	��� �	��� �	�� �	��� �	�� �	�� �	��
 �	��� �	� �	�� �	��� �	��� <0.016 <0.045 <0.014 <0.160 �	��� �	��� �	�
� �	��� �	�� �	�� �	�� �	��
/C �	��� �	��� �	��� <0.006 <0.001 �	��� �	�
� �	�
 �	��� �	��� �	��� �	��� �	��
 �	��� � �	��� �	�� �	��� �	�
� �	��� �	��� �	��� �	��
 �	��� <0.002 <0.009 <0.003 <0.033 �	��� �	��� �	��
 �	��� �	�
� �	�� �	�

48 �	��� �	��� �	��� <0.045 <0.011 �	��
 �	��� �	��� �	��� �	��
 �	�
� �	�
 �	��� �	�
 �	��� �	��� �	��� �	�� �	�� �	��� �	�
� �	��� �	��� �	��� �	��� <0.026 �	�
� �	�
� <0.266 <0.030 �	�
 �	��� � �	� �	
 �	�
'K �	��
 �	�� �	��
 �	��� <0.006 <0.002 <0.005 �	��� �	��� �	��� �	��� �	��� �	��� <0.005 �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� <0.003 �	�
 �	��� �	��� <0.002 �	
� �	�� �	
� �	��
#< <0.012 <0.010 <0.006 <0.006 <0.014 �	��� <0.001 <0.011 <0.003 <0.019 <0.006 <0.017 <0.009 <0.020 �	��� �	��� <0.047 <0.015 ��	��� <0.013 <0.011 <0.019 <0.005
/7 <0.003 <0.002 <0.004 <0.001 <0.004 <0.001 �	��� �	��� <0.002 <0.006 <0.002 <0.003 �	��� �	��� �	��� <0.003 <0.010 <0.001 ��	��
 <0.004 �	��� <0.005 <0.001
2 <0.015 <0.009 <0.024 <0.010 �	��� �	��� ��	��� <0.049 �	��� <0.006 <0.007 <0.004 �	��
 ��	��� �	��� �	�
� <0.017 �	
� �	�� <0.016 �	��� <0.022 �	�

 �	��
/B <0.006 <0.004 <0.008 <0.003 ��	��� <0.001 �	�
� �	��� <0.014 <0.006 <0.006 <0.002 <0.007 <0.003 ��	��� <0.005 <0.018 <0.003 <0.059 <0.008 <0.004 <0.007 �	��� �
+8 <0.015 <0.013 <0.024 <0.007 �	��� <0.003 �	��� �	��� �	��� �	��� <0.012 <0.009 �	
 �	�
 �	
� �	�� �	�
� �	��� �	�
� �	��� �	� �	� �	� �	� <0.012 <0.096 �	� �	� �	� �	� <0.026 �	�� �	���
�? �	��� <0.004 <0.008 <0.003 �	��� <0.001 <0.001 �	��� �	��� �	��
 <0.006 �	��
 � <0.004 <0.004 <0.008 �	��� <0.026 �	�� �	��� �	��� �	��� �	��� <0.006 �	��




UNCORRECTED PROOF

Table 3 �Continued�

()/����� $.������ ()/����
 ."����� +'����
 �0� �0����� '+��� *�� '+��� *�� .������ .������

clast
(n = 14)

vein
(n = 5)

clast
(n = 28)

vein
(n = 4)

micrite
(n = 3)

vein
(n = 3)

micrite
(n = 14)

vein
(n = 12)

coarse
(n = 12)

shear
zone
(n = 8)

coarse
(n = 9)

vein
(n = 15)

coarse
(n = 9)

shear
zone
(n = 20)

coarse
(n = 13)

vein
(n = 11)

coarse
(n = 8)

shear
zone
(n = 20)

dolomite
(n = 21)

calcite
(n = 20)

magnesite
(n = 12)

sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd sd

/> <0.003 <0.003 <0.009 <0.001 �	��� �	�� <0.001 <0.001 �	��� <0.001 <0.002 <0.002 <0.004 <0.001 <0.002 �	��� <0.0143 <0.003 <0.044 �	��� <0.002 <0.002 <0.001
0 �	��� �	�� �	�
� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	��� �	�
 �	
� �	��� �	��� �	��� �	��� �	��
 <0.003 �	��
 <0.006 <0.004 <0.014 �	��� <0.027 <0.003 <0.002 <0.004 �	��� �	���

!EH;B;C;DJ 9ED9;DJH7J?ED:7J7 M>;H; DE9EHH;IFED:?D=� .� L7BK;?I =?L;D�J>;H; M7I EDBOED; I?=D?]97DJIFEJC;7IKH;C;DJ� >;D9;� J>;I; 9ED9;DJH7J?EDI>7L; JE8; 9EDI?:;H;: 7I C7N?CKCL7BK;I	
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Fig. 6. +H?C?J?L;C7DJB;DEHC7B?P;: JH79;;B; C;DJI F7JJ;HDIE<I;HF;DJ?D;7D: 97H8ED7J; <HECE9;7D?9��� �� 7D: IK8:K9J?ED��� �� IJ7=;I	 $D��� 7D: ��� =H;O];B:I H;FH;I;DJ J>; JH79;
;B; C;DJ L7H?7J?EDE<J>; I;HF;DJ?D;7D: 97B9?J;<HECE9;7D?9EH?=?D?BBKIJH7J;:?D��� 7D: ���	 +H?C?J?L;C7DJB;DEHC7B?P7J?ED<HEC(9�EDEK=> 7D: .KD ������ 	

��

Fig. 7. *NO=;D � �sa�� * a1.(*2 � 7D: � � �sa�� � a1+�� � ?IEJEF?9I?=D7JKH;IE<EF>?97H8ED7J;I <HECE9;7D?9��� 7D: IK8:K9J?ED��� IJ7=;I	 $D��� EF>?97H8ED7J; ];B:I <HEC�H799E�J>; +OH;D;7D

7D: �>;D7?BB;J�M?J>:?<<;H;DJ =H;O9EBEKHI�7H; I>EMD<EH9ECF7H?IED �<HEC�EBB?DI;J 7B	�
��� � �B;H9 ;J 7B	�
��� � '7<7O;J 7B	�
��� �	 $D��� J>; ,K;OH7I 7D: 5;HC7JJ�.77I ];B:I 7H;
<HEC�EBB?DI;J 7B	�
���� M>;H;7I �>7J?BBEDEF>?97H8ED7J;I ];B: ?I<HEC�H?;ID;H ������ 	 />; 9ECFB;J; �sa�� * LI	 �sa�� � :7J7I;J ?I I>EMD?DJ>; �FF;D:?N !?=	 �� 7D: ?DJ>; .KFFB;C;DJ7HO

/78B; .
 	*NO=;D � �sa�� * a1.(*2 � 7D: � � �sa�� � a1+�� � ?IEJEF?9I?=D7JKH;IE<EF>?97H8ED7J;I<HECE9;7D?9��� 7D: IK8:K9J?ED��� IJ7=;I	 $D��� EF>?97H8ED7J;];B:I <HEC�H799E�J>; +OH;D;7D

7D: �>;D7?BB;J�M?J>:?`;H;DJ =H;O9EBEKHI�7H; I>EMD<EH9ECF7H?IED�<HEC�EBB?DI;J 7B	�
��� � �B;H9 ;J 7B	�
��� � '7<7O;J 7B	�
��� �	 $D��� J>; ,K;OH7I 7D: 5;HC7JJ�.77I ];B:I 7H;
<HEC�EBB?DI;J 7B	�
���� M>;H;7I �>7J?BBEDEF>?97H8ED7J;I];B: ?I<HEC�H?;ID;H ������ 	 />; 9ECFB;J;�sa�� * LI	 �sa�� � :7J7I;J ?I I>EMD?DJ>; �FF;D:?N !?=	 �� 7D: ?DJ>; .KFFB;C;DJ7HO

/78B; .
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Table 4
2>EB;�HE9A� �* 7D: .H ?IEJEF?99ECFEI?J?ED<EHI;HF;DJ?D?J;�B?C;IJED; 7D: EF>?97H8ED7J; HE9AI	

Jurassic age High-pressure age

�sa�� *

� �0 �

�sa�� �

� �0 � -8
.H a�� .H
 a�� .H ;HH a�� .H
 a�� .Ha���(7

�T

�C;7IKH;:����(7� a�� .H
 a�� .Ha��(7

�T

�C;7IKH;:���(7�

Oc. serp. ()/����� n.d. n.d. �� �	����
� �	������ �	����
� �	������

Limestone 5-'����� 
�	� �	� �	��
� �	�����
 �	������ �	������ �	������
OCI (tectonic ophic.) ()/����� ��	� �	� �	���� �	������ �	������ �	����
� �	�����


5-'����� ��	� �	� �	���� �	�����
 �	������ �	������ �	������
5-'����� ��	� �	� �	���� �	������ �	������ �	������ �	������
$.������ ��	
 �	� �	��
� �	������ �	�����
 �	������ �	������

OCII (sedimentary
ophic.)

."����� ��	� �	� �	���� �	������ �	������ �	�����
 �	������

."����
 ��	� �' �	� �	���� �	������ �	����

 �	������ �	������

()/����
 ��	� �	� �	��
� �	������ �	������ �	������ �	������
Prograde

ophicarbonates
+'����� ��	� �	� �	���� �	����
� �	������ �	������ �	������

+'����
 ��	� �	
 �	���� �	������ �	������ �	������ �	������
�0�� ��	� �' �	� �	���� �	������ �	������ �	������ �	������

�0����� ��	� �' 
	� �	���� �	������ �	������ �	����
� �	������

Eclogite facies
ophicarbonates

.�
���� a97B9?J;

�
	� �	� ��	���� �	������ �	������ �	������ �	������ �	������ �	������

.�
���� a:EBEC?J;

��	� �	� �	���� �	������ �	����

 �	������ �	������ �	������ �	������

.������ ��	� �	� �	���� �	������ �	������ �	������ �	������ �	������ �	�����

'+��
 *��

��	� �	� �	���� �	������ �	������ �	������ �	������ �	�����
 �	������

'+��
 *��

��	� �	� �	���� �	������ �	������ �	������ �	������ �	������ �	������

n.d. � DEJ:;J;HC?D;:

%KH7II?9 7D: �H; J79;EKI I;7 M7J;H	 />; a�� .H
 a�� .H E<I7C FB; '+��  *��
��	������� ?I 9ECF7H78B; JEJ>7JE<E9;7D?9HE9AI�M>;H;7I J>; EJ>;H
;9BE=?J?9EF>?97H8ED7J;I >7L; <7HCEH; H7:?E=;D?99ECFEI?J?EDI�I7C �
FB; '+��  *�� 7D: .� �� ��� >7L; a�� .H
 a�� .H� �	������ 7D: �	�������
H;IF;9 J?L;BO�7D: 97B9?J;7D: :EBEC?J;I;F 7H7J;I <HECI7C FB; .� �� ��
>7L; a�� .H
 a�� .H� �	������ 7D: �	������� H;IF;9 J?L;BO	

6. Discussion

�7H8EDH;B;7I; JEIK8:K9J?ED̂K?:I 7D: J>; CE8?B?JOE<7GK;EKI��97H�
8ED?9̂ K?:I M?J>?DIB78I EH7BED=J>; IB78�C7DJB;?DJ;H<79;7H; 79J?L;BO
:; 87J;: JEF?9I?D9EDI?: ;H7J?EDIE<J>; IEB?: 7HJ>:;;F � 9O9B; � �=K;
7D: )?9EB;I9K�
��� � �;HD;H� ���� � �EBB?DI;J 7B	�
��� � �EEA�&EBB7HI;J
7B	�
��� � �7I=KFJ7 7D: #?HI9>C7DD�
��� �  FIJ;?D ;J 7B	�
��� � %7;9A;B
;J 7B	�
��� � &;B;C;D 7D: (7DD?D=�
��� � +?99EB?;J 7B	�
��� � +EB?;J 7B	�

��� � +EB?�
��� � .97C8;BBKH?;J 7B	�
��� �	 $DJ>?I:; 87J;� 7 <;M IJK: ?;I
>7L; 9EDI?: ;H;: J>; =;E9>;C ?97B;LEBKJ?EDE<EF>?97H8ED7J;I 8O?DL;I �
J?=7J?D=;?J>;HJ>; � * ?IEJEF; 9ECFEI?J?EDIE<97H8ED7J;I � �EBB?DI;J
7B	�
��� � �H?;ID;H� ���� � '7<7O;J 7B	�
��� � .97C8;BBKH?;J 7B	�
��� �
2;?II;HJ 7D: �;HDEKBB?����� �� EHJ>; H7:?E=;D?9?IEJEF; 7D: JH79;;B; �
C;DJ 9ECFEI?J?EDIE<8KBA�HE9AI7D: E<HE9A�<EHC?D=C?D;H7BI� (?BB;H
7D: �7HJMH?=>J�
��� � 47C7=K9>?;J 7B	�
��
 �	 '79A?D=>7L; 8;;D IJK: �
?;I 9EC8?D?D=];B: 7D: F;JHE=H7F>?9E8I;HL7J?ED�7D: F;JHEBE=?9MEHA�
M?J>JH79;;B; C;DJ 9ED9;DJH7J?EDI7D: �� *� 7D: .H ?IEJEF;9ECFEI?J?EDI
E<E9;7D?97D: E<IK8:K9J?ED�PED;EF>?97H8ED7J;I 7?C;: 7J;BK9?:7J?D=
J>; =;E9>;C ?97B;LEBKJ?EDE<97H8ED7J;: I;HF;DJ?D?J;7BED=J>; IK8:K9�
J?ED?DJ;H<79;	 .K9> IJK: ?;I 97D8K?B:EDFH;L?EKI MEHA;C FBEO?D=JH79;
;B; C;DJI 7D: .H ?IEJEF;I JEJH79;̂ K?:�?D]BJH7J?ED?DIK8:K9J?D=KBJH7�
C7]9 HE9AI� �7DD7W;J 7B	�
���� 
��� � #7HL;O;J 7B	�
��� �	 />; 7F�
FHE79>FH;I;DJ;: ?DJ>?IF7F;H ;C FBEOIIK9> 7D ?DJ;=H7J?ED7D: E<<;HI
D;M ?DI?=>JH;=7H:?D=J>; C;9> 7D?IC E<� CE8?B?P7J?ED?D9EDL;H=;DJ
C7H=?DI	

6.1. Textural and petrologicfeatures

/>; E9;7D?9EF>?97H8ED7J;I IJK: ?;: >;H; H;J7?DI;HF;DJ?D;\ C7=�
D;J?J; C;I> 7D: 87IJ?J; J;NJKH;I H;<;HH;: JE 7I H;FB79;C;DJ E<

<EHC;H C7DJB;EB?L?D;7D: FOHEN;D;I� H;IF;9 J?L;BO�<HECJa� JEJa
 ?D!?=	
� �	 �KH?D=J;9JED?9<H7=C;D J7J?EDE<J>; I;HF;DJ?D?P;:C7DJB;�97H8ED�
7J?EDE<J>; 8;:HE9A 8O 9?H9KB7J?D=>O:HEJ>;HC7B ^K?:I 7D: 799KCK�
B7J?EDE<I;HF;DJ?D;9B7IJI?DI;: ?C;D J7HO�J;9JED?98H;99?7IIJHED=BO7<�
<;9J;: J>; KFF;HF7HJE<J>; KBJH7C7]9 I; GK;D9; � .9>M7HP;D879>;J 7B	�

��� � /H;L;I ;J 7B	����� �	 �7B9?J;<EHC7J?ED7<J;HJ>; FHE:K9J?EDE<J>;
C;I> J;NJKH;I � !?=	 
 ��� 7D: 7BED=J>; 9B;7L7=; E<FI;K:E CEHF>FO�
HEN;D;� ?D:?97J;I J>7JJ>; C7DJB;FHEJEB?J>M7I I;HF;DJ?D?P;:FH?EHJE
97H8ED7J?ED�J� ?D!?=	 � �	 �7B9?J;<EHC7J?ED7<J;HI;HF;DJ?D?P7J?EDH;�
GK?H;IEF;D�IOIJ;C �7 7D: �* a
 ?DFKJ8O J>; >O:HEJ>;HC7B^K?:I 7D:
J>; H;B;7I; E<.?� (= 7D: M7J;H�7I >O:HENOBCEB; 9KB;I�� *# a�' � ?DJEJ>;
^K?:	 />;H CE:OD7C?9CE: ;BB?D=IK==;IJI J>7JI;HF;DJ?D;H;FB79;C;DJ
8O97H8ED7J;I E99KHH;:7J ��� Z� 7D: �� (+7 7J 7 >?=>79J?L?JOE<�* a


�&B;?D7D: "7HH?:E�
��� �	 />?I CE: ;BB?D=M7I 9ED]HC;: 8O;NF;H?C;D �
J7BMEHAI>EM?D=J>7J<EHC7J?EDE<97B9?J;EHC7=D;I?J; 7<J;H I;HF;D�
J?D?P7J?EDE<F;H?:EJ?J;?I H;B7J;: JEJ>; 79J?L?JOE<(= a
� ?DJ>; ^K?: 7D:
JEJ>; FH;I;D9; E<H;B?9JC7DJB;C?D;H7BI� "HEP;L7;J 7B	�
��� �	 .;HF;D�
J?D;97H8ED7J?ED97D:; B?L;H78KD:7DJ (= 7D: .? ?DJEJ>; >O:HEJ>;HC7B
IOIJ;C M?J>7 9EDI; GK;DJ?D9H;7I; E<J>; (=
 �7 7D: .?
 �7 E<J>; IEBK�
J?EDI	$DJ>; *�$ 7D: *�$$ EF>?97H8ED7J;I� J>; 78I;D9; E<(= ��97H8ED7J;I
B?A;:EBEC?J;7D: C7=D;I?J;� 7D: J>; EDBOC?DEH(=�* a� 9ECFED;DJ?D
J>; 97B9?J;�?D:?97J;I J>7JJ>; >O:HEJ>;HC7B^K?:I H;79>;: (= a
� I7JK�
H7J?EDEDBO7<J;H<KBB9EDIKCFJ?EDE<J>; 7GK;EKI �* a
 	 $D<79J�J>; B7IJ
97H8ED7J?ED;L;DJ B;: JE<EHC7J?EDE<B7J;�IJ7=; 97B9?J;7D: J7B9�8;7H?D=
L;?DI � !?=	 
 ��	 /7B9 9HOIJ7BB?P7J?ED?DIK9> B7J;�IJ7=; L;?DI H;̂ ;9JI J>;
9>;C ?97B;LEBKJ?EDE<>O:HEJ>;HC7B ^K?:I J>HEK=>J?C; JEM7H:I (= �
7D: .?�H?9>�7D: �7 � 7D: �* a
 �:; FB;J;: 9ECFEI?J?ED�7D: C7HAIJ>; ;D:
E<J>; E9;7D?9>O:HEJ>;HC7B97H8ED7J?EDIOIJ;C �J� ?D!?=	 � �	 !?=	 ��
H;FEHJIJ>; H;IKBJIE<J>;HCE:OD7C?997B9KB7J?EDIFH;I;DJ;: 7I 7D 79�
J?L?JO�79J?L?JO:?7=H7C�BE=�a.?* a
 � LI	 BE=�a�* a
 �� I?CKB7J?D=J>; E9;7D?9
97H8ED7J?EDE<J>; FKH;I;HF;DJ?D?J;I7C FB;()/ �� ��� 7JBEMT 7D: P	
/>; ?D?J?7B97H8ED7J?EDE99KHI7J BE=�a�* a
 � L7BK;I 8; JM;;D �' ��	� 7D:
�' �	� <EH7 BE=�a.?* a
 � 8; JM;;D �' �	� 7D: �' �	� �H;: B?D;?D!?=	 �� �	 $D
J>?IH7D=;IE<BE=�a.?* a
 � L7BK;I� J>; 9ECFB;J; 97H8ED7J?EDE<H;B?9JIE<
H;I?:K7BC7DJB;C?D;H7BI�;	=	� EB?L?D;7D: FOHEN;D;I� FH;9;:;I J>; 97H�
8ED7J?EDE<I;HF;DJ?D;�J>; B7JJ;HE99KHH?D=7JBE=�a�* a
 � E<�' �	� JE�' �	�	
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Fig. 8. a�� .H
 a�� .H LI	 �sa�� * a1.(*2 ��� 7D: �sa�� � a1+�� ��� E<EF>?97H8ED7J;I IJK: ?;: ?DJ>?I

MEHA	!EH9ECF7H?IED J>; L7BK;I E<J>; FKH;E9;7D?9I;HF;DJ?D?J;7D: B?C;IJED; <EHCJ>;
)EHJ>;HD�F;D D?D;I7D: E<J>; %KH7II?9I;7 M7J;H7H; I>EMD�:7I>;: 8B79AB?D;I�	

/>?I FHE9;II ?I 799ECF7D?;: 8OH;B;7I; E<# a
 * �8BK; B?D;?D!?=	 �� �	 �J
>?=>BE=�a.?* a
 � L7BK;I� J7B98; 9EC;I IJ78B; �78EL; �' �	�� I;; J>; =H;;D
B?D;?D!?=	 �� � EL;H97H8ED7J;I <EH7 BE=�a�* a
 � =H;7J;HJ>7D�' �	�	

/>; *�$ 7D: *�$$ EF>?97H8ED7J;I I>EM?D=J>; >?=>;IJ CE:7B FHE�
FEHJ?EDIE< HE9AI�<EHC?D=97H8ED7J; 7BIE:?I FB7O78KD:7DJ >;C7J?J;
=H7?DI?DJ>; 97H8ED7J;: I?B?97J; :E C7?DI 7D: >;C7J?J; H?D:IED 97H�
8ED7J;: 9B7IJI� !?=	 
 �� �� J� ?D!?=	 � �	 *L;H 7BB�J>;I; <;7JKH;I?D:?97J;
>?=>BOEN?:?P?D=9ED:?J?ED:KH?D=97H8ED7J?ED�7I 7BIEIK==;IJ;: 8OJ>;
<EHC7J?EDE<>O:HEKI 7D:H7:?J;�H?9>=7HD;J ?DJ>; 87IJ?J;J;NJKH;I7<J;H
<EHC;H FOHEN;D;I � !?=	 
 ��	

/>; 78EL; E9;7D?9JH7DI<EHC7J?EDI9H;7J;: >?=>BOEN?:?P;:� >O�
:H7J;:� 7D: 97H8ED7J;: I;HF;DJ?D?J;H;I;HLE?HI>EIJ?D=KF JE �� MJ	�
�* a
 � !?=	 � �	 .K8 :K9J?EDE<J>;I; HE9AIM7I 799ECF7D?;: 8O :; <EH�
C7J?EDE<J>; E9;7D?9J;NJKH;I � .JX9A>;HJ�
��
 � M?J>:?I FB79;C;DJ
7D: H;9HOIJ7BB?P7J?EDE< 9E7HI; E9;7D?997B9?J; 7D: I;HF;DJ?D; 7BED=

Fig. 9. �7HJEED ?BBKIJH7J?D= J>; I; GK;D9; E< >O:H7J?ED7D: 97H8ED7J?ED
EN?:7 J?ED
FHE9;II;I 7<<;9J?D=C7DJB;HE9AI7JE9;7D?99ED:?J?EDI	.;; J;NJ<EH:?I 9KII?ED	

:K9J?B;I>;7H PED;I � !?=	 � �	 �J J>?IIJ7=;� :; <EHC7J?EDC?=>J>7L; E9�
9KHH;: KD:;H 9>;C ?97BBO9BEI;:� EHEF;D�IOIJ;C 9ED:?J?EDI	/>; 8; �
>7L?EKHE<J>;I; HE9AI:KH?D=IK8:K9J?ED97D8; H;L;7B;: 8O J;NJKH7B
7D7BOI?I 7D: IJK:O E<=;E9>;C ?97BC7HA;HI	 2?J> J>; ;N9;FJ?EDE<I7C �
FB;I .� �� �� 7D: .� �� ��� J>; C7@EH?JOE< J>; IK8:K9J;: EF>?97H�
8ED7J;I <EHM>?9> :7J7 7H; FH;I;DJ;: >;H; :?I FB7O7DJ?=EH?J;�
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Fig. 10. �9 J?L?JO�79J?L?JO:?7=H7C<EH.? 7D: �* a
 �BE=�a.?* a
 � 7D: BE=�a�* a
 �� H;IF;9 J?L;BO�:; F?9J?D=F>7I; ;GK?B?8H?7?DJ>; (=* ��7* ��Ba
 * a� �.?* a
 �# a
 * ��* a
 IOIJ;C 7J��� Z� 7D: ���� 87H
�97B9KB7J;: KI?D=J>; +;HFB;63IE<JM7H;� �EDDEBBO�
���� 7D: J>; ?DJ;HD7B9EDI?IJ;DJJ>;HCE:OD7C?9:7J787I; E<#EBB7D:7D: +EM;BB������ 7D: J>; 9ECF;DI7J;: -;:B?9>�&MED=��*-&�
;GK7J?EDE<IJ7J; E<#EBB7D:7D: +EM;BB������ <EH# a
 * 7D: �* a
 ^K?:I�	 &;O 97H8ED7J;�?D�?DH;:�� J7B9�?D�?D=H;;D� 7D: H;B;7I; # a
 * �?D8BK;� 8EKD:7H?;I7H; ;C F>7I?P;:	 .;; J;NJ<EH
:?I 9KII?ED	�!EH ?DJ;HFH;J7J?EDE<J>; H;<;H;D9;I JE9EBEKH?DJ>?I]= KH;B;=;D:� J>; H;7:;H ?I H;<;HH;:JEJ>; M;8 L;HI?EDE<J>?I7HJ?9B;	�

97B9?J; 7I J>; C7?D C?D;H7B7II;C 8B7=;	 />;?H J;NJKH;I 7D: C?D;H7B
7II;C 8B7=;9EKB:H;̂ ;9J 7D ?DJ;HD7BH;:?I JH?8KJ?ED
H;9HOIJ7BB?P7J?EDE<
C?D;H7BI7D: ;B; C;DJI ?D>;H?J;: <HECJ>; E9;7D?9IJ7=;	 #EM;L;H� J>;
FKCF;BBO?J;� 7D: J>; 8BK;I9>?IJ�<79?;I I7C FB;I 7H; 9>7H79J;H?P;: 8O
=HEMJ>E<I;9 ED:7HO97B9?J;7<J;HJ>; I;HF;DJ?D?P7J?EDE<J>; FEHF>OHE�
9B7IJI:?I FB79;: 7BED=J>; I>;7H�PED;<EB?7J?ED� !?=	 � ��	 />; =;EC ; JHO
E<J>;I; 9B7IJIIK==;IJI syn�J;9JED?997H8ED7J?EDE<I;HF;DJ?D;:KH?D=
;7HBOIK8:K9J?EDIJ7=;I	  NF;H?C;D J7BIJK: ?;I I>EM;: J>7JJ>; IEBK8?B?JO
E<97B9?J;?D# a
 * �H?9>̂ K?: ?D9H;7I;I M?J>?D9H;7I?D=P-T 9ED:?J?EDIE<
J>; IOIJ;C � �79?7=B?7D: (7DD?D=� 
��� �� IK==;IJ?D=J>7JJ>; 97H8ED�
7J?EDE<J>; I;HF;DJ?D?J;9B7IJIC7O >7L; H;IKBJ;: <HEC?D�I?JK97H8ED�
7J; :?I IEBKJ?ED<EBBEM;: 8O?D�I?JK97H8ED7J; FH;9?F?J7J?ED	�I IKC ?D=7
9BEI;: IOIJ;C 9ED:?J?ED�J>; # a
 * H;GK?H;:JEJH?==;H 97B9?J;:?I IEBKJ?ED
C7O >7L; 8;;D :; H?L;: <HECJ>; I;HF;DJ?D?J;9B7IJ?JI;B<7I <;M MJ	� E<
# a
 * ?I H;B;7I;: :KH?D=J>; I;HF;DJ?D;F>7I; JH7DI?J?ED7J?D9H;7I?D=P-T
9ED:?J?EDI� .9>M7HJP;J 7B	�
��� �	

�: :?J?ED7BJ;NJKH7B;L ?:;D9; <EH� CE8?B?JO:KH?D=IK8:K9J?ED?IFHE�
L?:;: 8OJ>; E99KHH;D9; E<97H8ED7J; L;?DI 9HEII9KJJ?D=J>; ;9BE=?J;�<7�
9?;I EF>?97H8ED7J;I ?DJ>; 1EBJH?(7I I?<�'+  *��� ���	 �D EJ>;H?D:?�
97J?EDE<EF;D IOIJ;C 8; >7L?EKH7D: ?D]BJH7J?EDE<� �8;7H?D=^K?:I
FH;9?F?J7J?D=;9BE=?J;�<79?;I C7=D;I?J; L;?DI ?I FHEL?:;: 8O J>; 78KD�
:7DJ ^K?: ?D9BKI?EDI >EIJ;: 8O FEHF>OHE9B7IJ?9C7=D;I?J; E<I7C FB;
.� �� ��	 �I I>EMD ?D!?=	 �� � � 7D: 7I :?I 9KII;: 8; BEM�J>;I; ?D�
9BKI?EDI I>EMI I?=D?<?97DJ ;DH?9>C;DJ ?D !( H;B7J?L; JE J>; 9ED

9;DJH7J?EDI?DJ>;?HC7=D;I?J; >EIJI	 />?I C?=>J8; <KHJ>;H;L ?:;D9; <EH
?D]BJH7J?EDE<� �8;7H?D=̂ K?:I ;NJ;HD7BJEJ>; EF>?97H8ED7J; >EIJ	

/7A;D JE=;J>;H�J>; J;NJKH;I7D: EJ>;HE8I;HL7J?EDIFH;I;DJ;: 78EL;�
<EH:?I J?D9J:E C7?DI ?DJ>; EF>?97H8ED7J;I M; ?DL;I J?=7J;:� FHEL?:; 7
H;9EH:E<� CE8?B?P7J?EDEL;H7 M?:; H7D=;E<P-T 9ED:?J?EDI�8; =?DD?D=
EDJ>; I;7^EEH 7D: :KH?D=L;HO;7HBOIJ7=;I E<IK8:K9J?ED	

6.2. Bulk and in-situ traceelementfeatures

$J>7I 8;;D :;CED IJH7J;: J>7JJ>; I;HF;DJ?D?P7J?EDE<J>; E9;7D?9
C7DJB; HE9AI:E;I DEJIJHED=BOCE: ?<OJ>; -  9ECFEI?J?EDE< J>;
F;H?:EJ?J; FHEJEB?J>I� �;I9>7CFI ;J 7B	� 
��� 7D: H;<;H;D9; J>;H;?D�	
/>; -  9ECFEI?J?EDE< J>; H;<;H;D9; I;HF;DJ?D?J; ()/ �� �� J>KI
H;7IED78BOH;̂ ;9JI ?JIC7DJB;FHEJEB?J>J>7J?I 9ECF7H78B; JE$DJ;HD7B
'?=KH?:; �'?= KH?7�$J7BO�7D: (EDJ; (7= =?EH;��EHI?97� !H7D9;� F;H?�
:EJ?J;I �=H;O];B: ?D!?=	 � �� -7CFED; ;J 7B	������ 
��� �	 />; I?C�
?B7H?JO?D J>; JH79; ;B; C;DJ 9ECFEI?J?EDE< HE9A�<EHC?D=I;HF;DJ?D;
<HEC()/ �� �� �I>EM?D=FEI?J?L; � 7DEC7BO7D: :; FB;J?ED?D'$' 
7D: !( � =H;O];B: ?D!?=	 � �� M?J>EJ>;HE9;7D?9I;HF;DJ?D?J;I�;	=	�
&E:EBRDO?;J 7B	�
��
 � 9ED]HCI J>7JJ>; 7BJ;H7J?EDFHE9;II E99KHH;:
?D7 C7H?D;;DL?HEDC;DJ	 $D9EDJH7IJ�J>; 97H8ED7J?EDE<E9;7D?9I;H�
F;DJ?D?J;II?=D?<?97DJBO7<<;9JI -  9ED9;DJH7J?EDI� !?=	 � �� �BB;D 7D:
.;O<H?;:� 
��� �	 �9 9EH:?D=BO�9ECF7H;: JEI;HF;DJ?D?J;()/ �� ��� 7BB
E<EKHE9;7D?9EF>?97H8ED7J;I :?I FB7O;DH?9>C;DJI ?D'7 7D: L7H?78B;
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Fig. 11. �EC F7H?IED 8; JM;;D ?DI?JKJH79;;B; C;DJI :7J7 <EH9E7HI;7D: H;9HOIJ7BB?P;:97B9?J;<HECFKCF;BB;O?J;� ���� 8BK;I9>?IJ� ��� 7D: ;9BE=?J;�<79?;I ��� I7C FB;I	 /H79; ;B; C;DJ 9EC�
FEI?J?EDIE<̂ K?: ?D9BKI?ED�� C7=D;I?J; C?N;: C;7 IKH;C;DJ 9ECF7H;: M?J>FKH;C7=D;I?J; 7H;H;FEHJ;:?D���	 +H?C?J?L;C7DJB;:7J7 <HEC(9�EDEK=> 7D: .KD ������ 	

:; FB;J?ED?D�; � !?=	 � ��	 />; EN?:7 J?EDFHE9;II J>7JE99KHI:KH?D=97H�
8ED7J?ED�H;L;7B;: 8O9EDL;HI?EDE<C7=D;J?J;JE>;C7J?J;� 7BIE7<<;9JI
J>; 8; >7L?EKHE<�; J>7J�KFEDEN?:?P;: JE�; a�� � 8; 9EC;I ?D9ECF7J?8B;
?DJ>; I;HF;DJ?D;7D: 97H8ED7J;	 �;H?KC :; FB;J?ED?I H;9EH:;: 8O J>;
8KBA�HE9A7D: J>; C?D;H7B?D�I?JK7D7BOI;I E<CEIJ E9;7D?9EF>?97H8ED�
7J;I � !?=	 � � 7D: � ��	 />; ;DH?9>C;DJ E<�7� �� �I� 0� +8� �I� .8� .H�
'? ?DJ>; E9;7D?9EF>?97H8ED7J;I 7D: J>;?HHE9A�<EHC?D=I;HF;DJ?D;7D:
97H8ED7J; 97D8; 7BIEB?DA;:JEJ>; 97H8ED7J?ED7D: EN?:7 J?EDE<J>;I;
HE9AI� �D:H;7D? ;J 7B	�
��� �	  D H?9>C;DJ E<!( ?DI;HF;DJ?D;C7O 8;
;NFB7?D;:8OJ>; 7BA7B?D;9ED:?J?EDIE<J>; >O:HEJ>;HC7B;DL?HEDC;DJ
?D9H;7I?D=7: IEHFJ?EDE<J>;I; ;B; C;DJI EDJEJ>; I;HF;DJ?D; C?D;H7B
IJHK9JKH;	�9 9EH:?D=JEJ>; ;NF;H?C;D J7BMEHA8O'7<7O;J 7B	�
���� J>;
�I 7D: .8 ;DH?9>C;DJI ?DI;HF;DJ?D;� !?=	 � �� 97D8; ;NFB7?D;:M>;D
9EDI?: ;H?D=J>7J�I a�� 7D: .8 a�� 7H; <7LEKH78BOI; GK;IJ;H;: 8OI;HF;D�
J?D;C?D;H7BI�9ECF7H;: M?J>�I a�� 7D: .8 a�� � J>; B7JJ;HM>?9>7H; CE�
8?B?P;:?DJ>; ^K?: F>7I; 7D:
 EHFH;9?F?J7J; 7I .8 �)? �799;I IEHOF>7I;I	
!EH J>; EF>?97H8ED7J; 97B9?J;�J>; ?D�I?JKJH79;;B; C;DJ 9ED9;DJH7J?EDI
7H; I?C?B7HJE J>EI; E<I;HF;DJ?D;�7J B;7IJ <EH�I J>7J?I L7H?78BO;D�
H?9>;:	0H7D?KC?ICEIJBO;DH?9>;:?D97B9?J;?DJ>; B;II EN?:?P;: I7C FB;
."�� ��� 9EDI?IJ;DJM?J>?JI>?=>IEBK8?B?JO7J ;B; L7J;: ENO=;D <K=79?JO
�;	=	� �7?B;O7D: -7=D7HI:EJJ?H����� � &;FFB;H7D: 2OBB?;����� �	 *D J>;
9EDJH7HO�J>; �; 9ED9;DJH7J?ED?DJ>?II7C FB; ?I B;II :; FB;J;:� F;H>7FI
?D:?97J?D=7 A;O?D̂K;D9; E<ENO=;D <K=79?JO?DJ>; �; IJEH7=; 8OEF>?�
97H8ED7J; C?D;H7BI	

/>; JH79;;B; C;DJ F7JJ;HDIE<J>; C7@EH?JOE<J>; IK8:K9J;: EF>?�
97H8ED7J;I� 7D: J>; C?D;H7BI J>;H;?D�:E DEJ:?I FB7OI?=D?<?97DJ:?<�
<;H;D9;I <HECJ>; F7JJ;HDI ?DJ>; E9;7D?9I7C FB;I � !?=I	 � �� � 7D:
� �� ��	 $DF7HJ?9KB7H�J>; 9E7HI; 7D: H;9HOIJ7BB?P;:97B9?J;?DCEIJ :; �
<EHC;: IK8:K9J?ED�H;B7J;: I7C FB;I :E DEJI>EM I?=D?<?97DJ:?<<;H;D9;I
?D J>;?HJH79; ;B; C;DJ 8K: =;JI � !?=	 �� �� � 7D: ��	 />?I ;L ?:;D9;
IK==;IJI J>7J � �CE8?B?P7J?ED ?D J>;I; I7C FB;I E99KHH;: KD:;H

9BEI;:�IOIJ;C 9ED:?J?EDI	/>; C7?D:?<<;H;D9;I ?D9ECFEI?J?EDE<J>;
IK8:K9J?ED�H;B7J;: EF>?97H8ED7J;I <HECJ>; E9;7D?9ED;I 7H; :;CED �
IJH7J;: 8O :7J7 <EHJ>; ;9BE=?J?9I7C FB;I .��� �� 7D: .� �� ��� M>?9>
I>EM J>; >?=>;IJ -  9ED9;DJH7J?EDI�DEJ; J>; ;DH?9>C;DJ ?D'-  H;B�
7J?L; JE (-  7D: #-  ?DI7C FB; .��� ��� !?=	 � �� 7D: >?=>;H+8�
�I� .8 9ECF7H;: M?J>9ED9;DJH7J?EDI?DE9;7D?9FH;9KHIEHI � !?=	 � ��	
/>;I; 8KBA�HE9A7DEC7B?;I7H; C7J9>;: 8O ;DH?9>C;DJ ?D�I� '7� +8�
�I� .8 E<J>; HE9A�<EHC?D=:EBEC?J;7D: 97B9?J;� !?=	 � � 7D: ��	  D H?9>�
C;DJ ?DJ>;I; ;B; C;DJI ?DKBJH7C7]9 HE9AI>7L; 8;;D 7JJH?8KJ;: JE;N�
9>7D=; M?J>I;: ?C;DJ�:; H?L;: ^K?:I :KH?D=IK8:K9J?ED� �7DD7W;J 7B	�

���� 
��� � �;I9>7CFI ;J 7B	�
��� � '7<7O;J 7B	�
��� �	 />;H; <EH;�J>;
8KBA�HE9A7D: ?D�I?JKJH79;;B; C;DJ :7J7 IK==;IJ J>7J8EJ>9BEI;: 7D:
EF;D IOIJ;C 9ED:?J?EDIM;H; ;NF; H?;D9;: 8OEF>?97H8ED7J;I :KH?D=J>;
IK8:K9J?ED�EL;HJ>;?HFHEJH79J;:C;J7CEHF>?9>?IJEH?;I	 $DI7C FB; .�
�� ��� J>; L;?DC7=D;I?J; JH7FIFH?C7HO7D: FI;K:E �I;9 ED:7HO?D9BKI?EDI
� !?=	 � "� #� E<J>; ^K?: J>7J7II?IJ;: C7=D;I?J; =HEMJ>	�I ;NF;9J;:�
J>; '� �$�+ �(. 7D7BOI;I E<?D9BKI?ED�<H;; 7D: E<?D9BKI?ED�8;7H?D=C7=�
D;I?J; � !?=	 �� �� I>EMI J>7JJ>; B7JJ;H :?I FB7OICK9> >?=>;H�I� �7�
�� �I� .8� -8� 2� +8 9ED9;DJH7J?EDI	/>?I ?D:?97J;I J>7JJ>; ^K?: 97H�
H?;: 9HKIJ7BBO�:; H?L;: JH79;;B; C;DJI� ;?J>;HIEKH9;: ?DIK8:K9J;: I;: ?�
C;D J7HOI; GK;D9;I� EHH;B;7I;: 8O:; >O:H7J?EDE<FH;L?EKIBOC;J7 IEC7�
J?P;: 7BJ;H;: E9;7D?99HKIJEH7IIE9?7J;: I;HF;DJ?D?J;I�;	=	� �7DD7W7D:
(7B7IF?D7�
��� 7D: H;<;H;D9; J>;H;?D�	

6.3. TracingC mobility with 3D isotopes

/>; E9;7D?9EF>?97H8ED7J;I IJK: ?;: >;H;� B?A;EJ>;HE9;7D?9EF>?�
97H8ED7J;I <HECJ>; �BFI 7D: +OH;D;;I �;	=	� �B;H9 ;J 7B	�
��� � '7<7O
;J 7B	�
��� �� I>EM M?:; H7D=;I?D* 7D: � ?IEJEF; 9ECFEI?J?EDI� !?=	
� ��� :; F;D: ?D=EDJ>; T E<I;HF;DJ?D?P7J?ED7D: EDJ>; 7CEKDJE<H;�
:K9;: � 9EDJH?8KJ?D=JE J>; �sa�� � E<J>; ^K?:I ?DLEBL;: �;	=	� �BJ ;J
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7B	�
��
8 � �;B79EKH;J 7B	�
��� �	 $DJ>; E9;7D?9EF>?97H8ED7J;I FH;�
I;DJ;: >;H;� J>; * 7D: � ?IEJEF; 9ECFEI?J?EDIE<97B9?J; 7H; 9ECF7�
H78B; JE FK8B?I>;: L7BK;I <EHJ>; )EHJ>;HD �F;D D?D;7H;7 � �EBB?DI;J
7B	�
��� � "7BB?7D: /E=B?7JJ?����� � .9>M7HP;D879>;J 7B	�
��� �	 />;
97B9?J;�I;7 M7J;H?IEJEF?9;GK?B?8H?KC?D:?97J;I J>7JEF>?97H8ED7J; 97B�
9?J; =H;M 7<J;H I;HF;DJ?D; EL;H 7 T H7D=; E< ��� ����� Z� �7I IKC ?D=
�sa�� * aI;7M7J;H� � �0 � *�);?B ;J 7B	����� � ?D*�$ 7D: *�$$	 'EM;H T E<78EKJ
��� ���� Z� M;H; E8J7?D;: <EH97B9?J; ?DL;?DI 9HEII�9KJJ?D=7BBE9;7D?9
IJHK9JKH;I?D*�$ 7D: *�$$	 />;I; T H7D=;I7H;9ECF7H78B;JEJ>EI; 97B�
9KB7J;: 8O .9>M7HP;D879>;J 7B	�
���� <EHEF>?97H8ED7J;I <HECJ>;
I7C; 7H;7 �8; JM;;D ��� 7D: �� Z��	 �BB E9;7D?9EF>?97H8ED7J;I FH;�
I;DJ;: >;H; FH;I;HL; 7 � ?IEJEF; ]D =;HFH?DJ9EDI?IJ;DJM?J>79GK?I?J?ED
E<� :KH?D=?DJ;H79J?EDM?J>I;7 M7J;H�:; H?L;: ^K?:I	 $D*�$$ HE9AI�J>;
C7JH?N97B9?J;?DB;II EN?:?P;: I7C FB;I �." �� �� 7D: ." �� �
� I>EMI
IB?=>JBOBEM;H�sa�� � B?A;BO7I J>; H;IKBJE<?DJ;H79J?EDM?J>I;HF;DJ?D?J;
9B7IJI�I>EM?D=?IEJEF?97BBOD;=7J?L;L7BK;I � �BJ ;J 7B	�
��
8 � '7<7O;J
7B	�
��� �	 />; >?=>:; =H;; E<L7H?78?B?JO?DJ>; � * ?IEJEF; 9ECFE�
I?J?EDIE<J>; E9;7D?9FHEJEB?J>>7I JE8; J7A;D?DJE799EKDJM>;D :?I �
9KII?D=J>; ;LEBKJ?EDE<EF>?97H8ED7J;I :KH?D=IK8:K9J?ED;LEBKJ?ED	
/>; a�� .H
 a�� .H H7J?EIE<J>; E9;7D?9EF>?97H8ED7J;I ?DL;I J?=7J;: >;H; 7D:
E<J>; FKH; I;HF;DJ?D?J;()/ �� �� H7D=;8; JM;;D �	���� 7D: �	����
� !?=	 � �� IK9> L7BK;I 7FFHE79>J>; L7BK;E<�	���� :; ]D;: <EH%KH7I�
I?9I;7 M7J;H�%ED;I;J 7B	����� �� 9EDI?IJ;DJM?J>97H8ED7J?ED>7L?D=?D�
LEBL;: %KH7II?9I;7 M7J;HH;�;GK?B?8H7J;: M?J>7 C7]9
 KBJH7C7]9 H;I;H�
LE?H	

�7H8ED7J; �sa�� * L7BK;I <EHJ>; FKCF;BBO?J;� 7D: E<J>; 8BK;I9>?IJ�<7�
9?;I EF>?97H8ED7J;I EL;HB7FJ>; BEM;H��sa�� * H7D=;<EH*�$ 7D: *�$$	 />;
T H7D=;79>?;L;: <EH97B9?J;9HOIJ7BB?P7J?ED?DJ>;I; HE9AI�87I;: ED�sa�� *
L7BK;I� ?I ��� ���� Z� �7I IKC ?D=�sa�� * aI;7M7J;H� � �0 � *�);?B ;J 7B	����� �	
.K9> T 7H; ?DJ>; H7D=;<EH7BJ;H7J?EDE<J>; E9;7D?9EF>?97H8ED7J;I�
?D:?97J?D=J>7JJ>;I; EF>?97H8ED7J;I H;J7?DJ>; E9;7D?9* ?IEJEF; ?C�
FH?DJE<J>; FHEJEB?J>HE9AI	/>;H; <EH;�7BJ>EK=>IK8:K9J;: EF>?97H8ED�
7J;I 97D:?I FB7O;?J>;HKD:; <EHC;: EH:; <EHC;: J;NJKH;I7JJH?8KJ78B;JE
:OD7C?9IK8:K9J?ED�PED;H;9HOIJ7BB?P7J?ED�J>;?H�sa�� * :E;I DEJH;GK?H;
9EDJH?8KJ?ED8O7BJ;H7J?ED7<J;HI;7 M7J;H�HE9A?DJ;H79J?ED	2>;H;7I J>;
* ?IEJEF; 9ECFEI?J?EDIE<J>;I; HE9AI7H; 9EDI?IJ;DJ M?J>B?JJB;EHDE
IK8:K9J?ED�H;B7J;: CE: ?] 97J?EDE<I;7^EEH 9ECFEI?J?EDI�J>; �sa�� � L7B�
K;I �F7HJ?9KB7HBOJ>7JE<I7C FB; �0 �� ��� 9EKB:H;̂ ;9J IEC; CE: ?] �
97J?ED8O>?=>�P C;J7CEHF>?9^K?:I	 />; �sa�� � L7BK;I E<97B9?J;?DJ>;
FKCF;BBO?J;�<79?;I I7C FB;I 7D: J>; KD:; <EHC;: 8BK;I9>?IJ�<79?;I I7C FB;
�0� I>EM DEI?=D?<?97DJ:; L?7J?ED<HECJ>; L7BK;I ;NF;9J;: <EHE9;7D?9
EF>?97H8ED7J;I � !?=	 � ��� :; IF?J; J>; I7C FB?D=E<JME=;D;H7J?EDIE<
;7HBO�9E7HI;� 7D: B7J;H�H;9HOIJ7BB?P;:�97B9?J;?DJ>;I; IK8:K9J?ED�PED;
C;J7CEHF>EI;: I7C FB;I �I;; �F F;D:?N!?=	 ���	 �EK FB?D=J>?IE8I;HL7�
J?EDM?J>J>; FH;I;HL7J?EDE<J>; E9;7D?9�sa�� *� M?J>J>; a�� .H
 a�� .H I?=�
D7JKH;� !?=	 � �� 7D: J>; ?D�I?JKJH79;;B; C;DJ 7D7BOI;I � !?=	 �� �� ?D:?�
97J;I ?D>;H?J7D9; E<J>; E9;7D?99ECFEI?J?EDI�7J 9BEI;:�IOIJ;C 9ED:?�
J?EDI�:KH?D=IK8:K9J?ED	$D9EDJH7IJ�97B9?J;?DJ>; :; <EHC;: I7C FB;�0
�� �� >7I BEM;HD;=7J?L;�sa�� � L7BK;I �<HEC�' � JE�' 
 �0 � !?=	 � �� J>7J97D
8; 7I9H?8;: JE;?J>;HB7H=;H9EDJH?8KJ?ED<HECH;:K9;:
 EH=7D?9� :KH�
?D=E9;7D?997H8ED7J?EDEHJ>; ?D̂K;D9; E<H;:K9;: � :KH?D=?DJ;H79J?ED
M?J>̂ K?:I IEKH9;: :KH?D=IK8:K9J?ED<HECJ>; IKHHEKD:?D=C;J7I;: ?�
C;D J7HOHE9AI� �EBB?DI;J 7B	�
��� � �EEA�&EBB7HI;J 7B	�
��� �	 />; CEH;
H7:?E=;D?9.H ?IEJEF; 9ECFEI?J?EDE<�0 �� �� � !?=	 � � IKFFEHJIJ>; I;9 �
ED: I9; D7H?E�7 C;J7I;: ?C;D J7HOIEKH9;�� :; IF?J; J>; B79AE<;L ?:;D9;
<EHI?=D?<?97DJJH79;;B; C;DJ ?D̂KN <HECI;: ?C;DJI 87I;: EDJ>; ?D�I?JK
7D7BOI;I � !?=	 �� ��	 �7H8ED7: :?J?EDI<HECC;J7I;: ?C;D J7HOHE9AI?DJE
KBJH7C7]9 EF>?97H8ED7J;I ?DJ>; ,K;OH7I 7H;7>7I 8;;D :E9KC;DJ;: 8O
C;7DI E<!; 7D: 5D ?IEJEF; IOIJ;C 7J?9I 8O �;8H;J ;J 7B	�
���� � M>E
I>EM;: J>7J:KH?D=IK8:K9J?ED�J>;I; HE9AIKD:;H M;DJ I;L ;H7BIJ7=;I E<
97H8ED7J; :?I IEBKJ?ED7D: FH;9?F?J7J?ED?DLEBL?D=I;: ?C;DJ�:; H?L;: ^K�
?:I	

*D; ;9BE=?J?9I7C FB; <HECJ>; 1EBJH?(7I I?<�'+��  *��� 7<<;9J;:
8O:K9J?B;:; <EHC7J?ED7D: 97H8ED7J; H;9HOIJ7BB?P7J?ED:?I FB7OI�sa�� � 7D:
�sa�� * EL;HB7FF?D=L7BK;I <EHJ>; FKCF;BBO?J;�<79?;I HE9AI� !?=	 � ��� IK=�
=;IJ?D=7 IK8:K9J?ED;LEBKJ?EDKD:;H 9BEI;:�IOIJ;C 9ED:?J?EDI	/>?I ?D�
J;HFH;J7J?ED?I IKFFEHJ;: 8O7 B79AE<;DH?9>C;DJ ?D!( E<J>; H;9HOI�
J7BB?P;:97B9?J;� !?=	 �� �� 7D: 8OBEMH7:?E=;D?9.H� M?J>a�� .H
 a�� .H IJ?BB
9ECF7J?8B; M?J>7D E9;7D?9]D =;HFH?DJ� !?=	 � �	 $D9EDJH7IJ�J>; EJ>;H
;9BE=?J?9I7C FB;I <HEC1EBJH?(7I I?<7H; 9>7H79J;H?P;: 8O J>; BEM;IJ
�sa�� * �:EMD JE���	� �0 � !?=	 � ��� C7J9>?D=M?J>J>; 9ECFEI?J?EDIE<
J>; ;9BE=?J;�<79?;I EF>?97H8ED7J;I <HECJ>; 5;HC7JJ�.77I 5ED; � �EBB?DI
;J 7B	�
��� �� M>;H;7I J>;?H�sa�� � L7BK;I 7H; I?C?B7HJEJ>EI; E<J>; EJ>;H
E9;7D?97D: IK8:K9J;: EF>?97H8ED7J;I � !?=	 � ��	 �EDI?: ;H?D=J>7J?D
J>;I; I7C FB;I� �?� C7=D;I?J; L;?DI <EHC;: :KH?D=IK8:K9J?ED�I7C FB;
.� �� ���� �??� :EBEC?J;9HOIJ7BB?P;:JE=;J>;H M?J>7DJ?=EH?J;7D: :?EF�
I?:; KD:;H >?=>�P 9ED:?J?EDI�I7C FB; .� �� ���� 7D: �???�97B9?J;L;?DI
9HEII9KJJ>; FHE=H7:; 7DJ?=EH?J;�I7C FB; '+��  *���� 7D: 7IIKC ?D=
J>7JJ>;?HEH?=?D7B�sa�� * M7I J>; I7C; 7I J>7JE<J>; E9;7D?9EF>?97H8ED�
7J;I� J>; 1EBJH?EF>?97H8ED7J;I 7H; H;=7H:;: 7I >7L?D=H;�;GK?B?8H7J;:
M?J>C;J7CEHF>?9̂ K?:I J>7JBEM;H;: J>;?HI;7^EEH�?D>;H?J;: �sa�� * �;	=	�
(?BB;H7D: �7HJMH?=>J�
��� �	 �; 9H;7I; ?DJ>; �sa�� * E<J>;I; I7C FB;I ?I
9EKFB;: M?J>?D9H;7I; ?DJ>; !( 8K: =;JI E<97H8ED7J;I � !?=	 � � 7D:
M?J>J>; 8KBA�HE9A;DH?9>C;DJ ?DH7:?E=;D?9.H � !?=	 � �� ?D:?97J?D=?D�
^KNE<;NJ;HD7BBO�:; H?L;: ^K?:I	

�7H8ED?9̂ K?:I IEKH9;: <HECC;J7I;: ?C;D J7HOHE9AI:KH?D=FHE�
=H7:; IK8:K9J?EDI>EKB: 8; 9>7H79J;H?P;: 8O >?=>�sa�� * 7D: BEM�sa�� ��
B?A;BOM?J>H7:?E=;D?9a�� .H
 a�� .H H;̂ ;9J?D=J>; ;B; L7J;: -8
 .H E<J>;
HE9AI��EEA�AEBB7HI;J 7B	�
���� 47C7=K9>?;J 7B	�
��
 �	 />; �sa�� * L7B�
K;I E<97B9?J;� :EBEC?J;7D: C7=D;I?J; ?DJ>; ;9BE=?J?9EF>?97H8ED7J;I
IK==;IJ J>7JJ>; ^K?:I ?D;GK?B?8H?KCM?J>J>;I; C?D;H7BII>EKB: >7L;
�sa�� * L7BK;I E<��	� JE ���	� �0 �7J F;7A / E<��� Z��� ?	;	� ��	� JE
�
	� �0 BEM;HJ>7DJ>; 7IIE9?7J;: C?D;H7BI�KI ?D=J>; �Ta�� * a97H8ED7J;�M7J;H

E<5>;D=� �����	 .K9> ?IEJEF?9L7BK;I 7H; 9ECF7J?8B; M?J>:; H?L7J?ED
E<J>; ^K?:I <HEC7BJ;H;: E9;7D?99HKIJ7D:
 EHI;HF;DJ?D?P;:C7DJB;
� �7HJMH?=>J7D: �7HD?9E7J����� � H7J>;HJ>7DI;: ?C;D J7HOIEKH9;I �I;;
%7;9A;B;J 7B	�
��� �	 #EM;L;H� J>; .H ?IEJEF; H7J?EIE<E9;7D?9�C7]9
9HKIJ7BH;I;HLE?HI7H;=;D;H7BBOB;II H7:?E=;D?9J>7DL7BK;I <EHJ>; EF>?�
97H8ED7J;I 7D7BOP;:?DJ>?I IJK:O	 />; 9EDKD:HKC ?I FEII?8BOIEBL;:
8O 7IIE9?7J?D=J>; ?IEJEF?9?CFH?DJIE8I;HL;: ?DJ>; >?=>�P EF>?97H�
8ED7J;I M?J>?DJ;H79J?EDM?J>̂ K?:I H;B;7I;: 8O:; LEB7J?B?P7J?EDE<>O�
8H?:?P;: KBJH7C7]9 HE9AI8;7H?D=IEC; I;: ?C;D J7HOI?=D7JKH;I	 �I 7
H;B7J;: ;N7CFB;� �7DD7W;J 7B	�
���� :;CED IJH7J;: J>7J?DJ;H79J?ED
E<I;: ?C;DJ�:; H?L;: ^K?:I M?J>J>; 1EBJH?I;HF;DJ?D?J;I97KI;: ;DH?9>�
C;DJI ?D!( 7D: FHEL?:;: H7:?E=;D?9.H 7D: +8	 />; IK8:K9J?ED:; �
>O:H7J?EDE<IK9> 7 >O8H?: I;HF;DJ?D?J;9EKB:>7L; H;B;7I;: >O:HEKI
^K?:I 9EDJH?8KJ?D=J>; ?IEJEF?9I?=D7JKH;I JE J>; IK8:K9J?EDEF>?97H�
8ED7J;I 7D7BOP;:?DJ>?IIJK:O �>?=> a�� .H
 a�� .H� BEM�sa�� *� !( ;DH?9>�
C;DJ�	 �; =?DD?D=M?J>I;HF;DJ?D?J;IM?J>��
 � � �0 �sa�� * � �7DD7W;J
7B	�
��� � !HY>�"H;;D ;J 7B	�
��� �� J>; ^K?:I H;B;7I;: 7J��� JE��� Z��
9EHH;IFED:?D=JEJ>; J;C F;H7JKH;IE<EB?L?D;�?D7D: 7DJ?=EH?J;�EKJH;79�
J?EDI� .97C8;BBKH?;J 7B	����� �� MEKB:>7L; �sa�� * H7D=?D=<HEC��	

JE ���	� �0 	 />;I; L7BK;I 7H; ?D=EE: 7=H;;C;DJ M?J>J>EI; E<J>;
C;J7CEHF>?9^K?:I ?D;GK?B?8H?KCM?J>97H8ED7J;I <HECJ>; IK8:K9�
J?ED�PED; EF>?97H8ED7J;I <EHM>?9>:7J7 7H; FH;I;DJ;: ?DJ>?I F7F;H	
/>; ^K?: =;D;H7J;: 8O :; LEB7J?B?P7J?EDE<J>; I;HF;DJ?D?J;7BIEMEKB:
>7L; BEM�
 * H7J?E� �BJ ;J 7B	�
��
7 �� ;D78B?D=H;J;DJ?EDE<J>; � ?IE�
JEF; 9ECFEI?J?EDIE<J>; 97H8ED7J;I� ;L;D 7J <7?HBO>?=>^K?:�HE9AH7�
J?EI�8KJ CE: ?<O?D=J>; �sa�� * JEM7H:I BEM;HL7BK;I	 �BJ;HD7J?L;BO�?D�
J;H79J?EDE<^K?:I :; H?L;: 8O :; �I;HF;DJ?D?P7J?EDM?J>C;J7I;: ?C;D �
J7HOHE9AI7BED=J>;?Ĥ EM F7J>I ?DJ>; IK8:K9J?EDPED;� 9EKB:>7L;
B;: JEJ>; >O8H?:?P;:^K?: 9ECFEI?J?EDI	*J>;H H;9;DJ IJK: ?;I E<;NJ;D�
I?L;BOL;?D;: C7]9 HE9AI7D: .9>?IJ;I 'KIJHSI 7: @79;DJJE<7KBJIOIJ;CI
J>EK=>JE H;FH;I;DJ JH7DI?;DJ IK8:K9J?ED?DJ;H<79;I >7I :;CED IJH7J;:
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I>?<JI?D�sa�� * JEI?C?B7HL7BK;I 7D: ?DLEA;: ?D]BJH7J?ED8O# a
 * �H?9>̂K�
?:I =;D;H7J;: 8O:; >O:H7J?EDE<C7]9 7D:
 EHKBJH7C7]9 HE9AI7J=H;7J;H
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