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JB/ 
��BB=H�2I� $R���BB� �BB��5BB& .#��BB- ��BB
# ]��[�#�BB�� 
3��+	 
JBB/ ��BB=H�2I� +=�# 03�-�BB=\5 3 BB� �BB=+2"� �BB


$#�=�D# #�)�6�<W �5�P ���BD �B=+2"� ��@B
# E2B� �B- (
m=6 A#SI  KL�M×tM�$#8B=� 3��+	 
JB/ ��B=H�2I� 3 B� 

�
�=P# �
 �=2;<
# #� +;D A#@
# �#�B�� �B� �B�#�.3��+	 
JB/ 
!�543�- ��12� A#  B+;DSI  KL�M×K�B�#.@
# 6�B26 A# B{� 
3 � �
�;0�� E2�3�- ��12� A#O5� 3 � �=2;<
#)�
�=P# (

�2+�-)CQ&�.(

5��8@=�A ������12� ���2&�/ 3�456 �
5780.

5��9!�54 ��=H�2I� 3��+	 
J/ 3 =0 !A#��# A# Cj�P �
�+� �#�5;�3)5F� 3�-.
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�<7 ���!��;& ��8=
�/���� @=�A���D ����� 0� ����2&4 � �;=&5\h �3A��!�#�  =�F3�- . . .K��

���� ��������:��� ��  
�54 �;=&5\h @=='4 �5{2� �6!��B�12� @B
# �� 3)5BF� 3�-�

A# $�B� 0� �B� � !A�4 ���D 3�- ��5;� A# ��5;�K3)5BF� !�5B4 
�B
�5
�5�# 0 �B=45=6 �2<U��5-)BT-32 �BT-38(�B=45=6 �

�
�5
�5�# 0 �2<U�5-)BT-3(3 =	�5B/ �B
�5
�5�# 0 �=45=6 �
)BT-48(3 =	�5B/ �
�5
�5�# 0 �=45=6 �)BT-51 ( �B=45=6 �

5�# 052=� �
�5
�)BT-46 �BT-50(�<=B�� �B6 � Z�B�+�# �3
�B6 C
�BU4 � m
�B� � �m
#� ( �5��2=6 $#�����D �=H �D &

 !�"�
��AR �� � !�& � ?XRF 3# B6 ���� ���� 	 !�"��#� 
���& 8=���R �W 	  j�2W �( 6 � �<j# 3�-�=�D# .@B
# �
�B+�

 :��B7 �� 8=���R)�(�)�(�B�# !�B�R .�#�B��SiO2!�5B4 �B- A#
fc/`f �4 V�/cd ��#  =I+� ):��7�.(E2� 3�#J"��� 3# 6 �-

 E2� 3�#J"��� �#�5;� A# ��<j# 3�-�=�D# T��# 6 @
�)R 3�-
 �BB����)Middlemost] (�a[�BB�# !�BB& !��F+BB�#)CQBB&V.(

!�54 ! +�0 �� ��12� 3�- �B
�5
� � �B
�5
�5�# 0 ��=�# 0 3
�BBBB� �# BBBB?�BBBB� =0 .�BBBB�5;� @BBBB
# @=BBBB2�;- �� �BBBB- 

BBBBBBB;� �#�5O)2KO2/(Na3O2Al +�BBBBBBB6 �U�BBBBBBB� 
O)2kO2Na/(CaO3O2Al ++)Shand] (��[�BB=-�� �

�� $��� T52=�5�R / �4 $��(�� �U& �2-�)CQ&K.(!�543�- 
3 =	�5BB/ �BB
�5
�5�# 0 �BB=45=6 3)5BBF�)Bt-51(�BB=45=6 �

�BBBB
�5
�5�# 0 �BBBB2<U��5-)Bt-3 ( �BBBB=45=6 �BBBB2<U��5- �

�
�5
�5�# 0)Bt-38 ( A# �";- � �2+�B- $��B(�� �UB& O5B�
 �=�# 052=BB� �BB=45=6 3)5BBF� 3 !�5BB4)Bt-50,Bt-46 ( ��

! +�0 �B� �# ? $��(�� �U& 3� B=0)CQB&K.(�#�B��K2O
��5;� A# �-M�/��B4 ��/��B�#  B=I+� .�#�5B;� T�B�# 6K2O

�6 �U��SiO2)Peccerillo and Taylor] (��[��5;� �� �B-
 �Q-R 3 �LS=��+/ �6 �
�=<? �# B? �+=�5&5& 3 � �4 z�5+�

���� =0)CQ&v.(!�54 �
�5
�5�# 0 �2<U��5- �=45=6 3)5F� 3
)Bt-3 (�BBQ-R 3 BB� ��L!�5BB4 ��
�BB=<? �BB2<U��5- 3)5BBF� 3

�B
�5
�5�# 0 �=45=6)Bt-38,Bt-32(�B
�5
�5�# 0 �B=45=6 �
3 =	�5BB/)Bt-48 ( �=�# 052=BB� �BB=45=6 �)Bt-46 ( 3 BB� ��

 ��+/ �6 �
�=<? �Q-R 3 =	�5B/ �B
�5
�5�# 0 �B=45=6 � r�B6 S=
)Bt-51 ( �B� �# ? �+=�5&5& 3 � �� �=�# 052=� �=45=6 �-

�� =0)CQ&v.(

�����
� 
���BB� 0� !�BB0��5( 6 �� �3)5BBF� 3�-�BBP#� $��� o�BBU��Y �BB-

!�54 �B��� � C=B& �P#� �6 3)5F� 3�- � !�B& $5B0 0� E2B�
 C�0 �=&�P !�#� i� �- ��# . 6T�B�# �B�� 6 �B-3�
# kBj �
�-�"�BB
��AR ��BB�50 ���BB� 0� ���BB�12��BB�� 6 ��5BB� 3

�
���2& !�&��# )CQ&�(�B24��UW �B, A#:�(�XB=+<=/� /�(
�X=+=� ��(� ��=<=��(�4�26 DL��=<=� .

;�,&<!�54 �<j# 3�-�=�D# 8=���R �
�+� ��12� 3)5F� 3�-�456 �
57 �/ 3�6 4 80 >�7)�j�� [�P 6(.
Bt-51 Bt-32 Bt-50 Bt-3 Bt-48 Bt-38 Bt-46 Wt% 
eddVe` eddee_ edd`�e edd`d_ eddff� eddVad eddcfc X
e_accd� e_acdVa e_acf�� e_af_eV e_ac`ee e_ac�_a e_acV_c Y
�=45=6

 �
�5
�5�# 0
3 =	�5/ 

�2<U��5-
 �=45=6

�
�5
�5�# 0 

�=45=6
�
�5
�5�# 052=� 

�=45=6
 �2<U��5-

�# 0�
�5
�5 

�=45=6
 �
�5
�5�# 0

3 =	�5/ 

�2<U��5-
 �=45=6

�
�5
�5�# 0 

�=45=6
�
�5
�5�# 052=� 

Rock 
name 

_�/ff `V/f� V�/cd fc/`f a�/fc �e/fe d`/ff SiO2

ee/dd�/de�/d�f/de`/d`a/dVa/dTiO2

fV/�V �/`�c/�e dc/�V �`/�` a_/�V `c/�` Al2O3

V�/`�/dfV/ea�/�� e�/`aV/_da/`TFeO 
d`/d�/dde/d�_/dd`/d��/dd`/dMnO 
�e/deV/df/dda/`fa/daf/af�/dMgO 
ee/ecc/a` V�/��`/cVf/aec/Vea/eCaO 
cV/aff/d_�/ae`/aa_/e��/a_c/aNa2O
``/Vf_/ac_/VdV/��V/Vce/ad�/VK2O
�/d�`/ddc/dac/dd�/d�c/d�`/dP2O5

_f/_� ae/_c ��/_� �e/_� �/_� __a`/_� Total 
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�3����F& !�#8Q<� ���Q��20 3 �& $�
��=P$# 
# ���2& ���D � ���2&�5<6 �<]� K��

;�,&=!�54 �� Z�=;D � �\87  j�2W A# �( 6��12� 3)5F� 3�-�456 �
57 �/ 3�6 4 80 >�7)[�P 6ppm(.
Bt-51 Bt-32 Bt-50 Bt-3 Bt-48 Bt-38 Bt-46 ppm 

300435 300339 300513 300509 300668 300420 300767 X

3927701 3927042 3927618 3926934 3927533 3927191 3927497 Y

43 1037183 43116 53V

40 1829128 396139Cr  

82723816 9Co  

18 162228152120Ni  

18 72228145518Cu  

173 82186 54168 92199 Rb  

303 233 264 383 275 310 322 Sr 

169 4164 85170 156 177 Zr 

43 n.d 51 336342100 La  

75 n.d 75 949093152 Ce 

1240 857 2441 795 1286 1444 1201 Ba  

5��>E2� 3�#J"��� �#�5;�$5=4�D �U�� A# !��F+�# �6 @
�)R 3�- �-]�a.[��5;��456 3�-! +�0 �� 80�� �# ? �=�# 0 �4 �
�5
� 3�� =0.

5��?!�54 ��12� 3)5F� 3�-�456 �
57 �/ 3E2� >5=2=�5�R �(�& @=='4 �#�5;� �� 80@
�)R 3�- ]�e.[
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 ���D �<j# �� !�
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���D �B
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�5
�5�# 0 �=45=6
 ��# �+	 0 �# ? ��=<=� � �4�26 D .���D 84�#5BD $R �
5��� 3�-

)�dL�`�j�� (�=�<D �)�`�4ad�j�� (��# .�B6 �=B� �
 �\87 �#���)aLe�j�� (���B, � ��#� �5�BP 3�B- @
8B=2�� 	 

�6 �,��# C
�U4 @-R �=�D# � �
 <D !�&)�Bj�� A#  B+;Da(
��# .!�& C
�U4 *�26 D �6 A�D5
h�/ !�54 @
# ����# .

a(X=+=B� � ���� 0� :Y ���B� 0� O5B� A# �B�12� �� [B��
 �� #� ! +�B0 A# 3��B
A g +�B0 �BD !�56 z�5+� X=+=� �

 ��# �+	 0 6)CQ&c.(���B� 0� @B
#  +�B=6 ��E2B� 3�B- 
�
�5
�5�# 0 �=45=6 � �
�5
�5�# 0 �=45=6 �2<U��5- �3 =	�5/

 �=�# 052=� �=45=6 �� SD �#��� �6 !�
� �B� �5B& .@
 B+;��
���BB, @BB
# $�A ���BB, �=BB� �)�dL�`�BBj��(!�5BB6 �BB, A#

���� 0� �-�����<	 S=��+/ � �-A�,5
h�/ �6�57� !��R �B�# .
�j�� �;, ���, �
 <D �� 8=� E2��-!�
� ���5& .�&�U�#-
3�- �wn5B, A#84�#5B, 8B
� �5B<6 �B
5��� ��@+B� E2B� 8B=�
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�3����F& !�#8Q<� ���Q��20 3 �& $�
��=P$# 
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بالف

ت پ

e(X=+=<=/� / ���� 0� : +�=6 ���� 0� @
# ���8, � m�6-
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!�B
� 8B=� �=� � �;D �#��� $R !# ;- �D ��#  =I+� �j��
���5&.
V(��=<=� ���� 0� :m�6 �� ��=<=� $�A � 38BD � 3�B-

 ��#� �# ? ��12� �? &)CQB&c.(���B� 0� @B
# �<Bj# ���BD
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5��� 84�#5D)adLa`�j�� (��# ��#��� �\87 �=� � 8B=� 

!�
� ���5&.W �B;=� �BP#� ��  +�B=6 $�A @
# �B=45=6 lB=;
�� !�
� 3 =	�5/ �
�5
�5�# 0�5& .

�������� 
3��D !�2D �57� ! BFP �B2n � �7# �+B�# C�54 ��;
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 $�'� �=��'	 ���? 3 !�2-� $��� �7# �+�# ��12� �� 3��D
�456 ��# 80 .���D �B0� O5� A# ��12� 3A�� �B�# 3# .$�A 3�B-

���BBD 3#�#� �<�BB0!�5BB4 A BB� �� 3A�BB�<U��5- 3�BB=45=6 �BB2
 �B
���R84�#5D�+� �BP#� C(#� � �
���R84�#5D�+� �6 �
�5
�5�# 0

 �� !�
���5& .���BD �B<D ���� @B
# �� �<�B0 $�A �� 3A�B�

 :�;& ���12��6 YLZ5B27 $R [=B& � �? B&N60E �B�# .
�0� ����9 A# �-�M�B4  +� �+��� ��;�B? ��  B+� A# �
�B-

 ��D � C�54 �# !�56  =I+� 3�#�& 3�-�.���D �B6 �B�12� 3A��
 �0� CQ& �� C�0 S
 P �� $��	# �-�0 � 3# �� !�
� �- �5B& .

���� 0� ���BD 3 �B0� �6 !# ;- �4�26 D � ��=<=� 3�- 3A�B�
 �� !�
��5& .���D @��B0 C��& �=��# 3�-)KL�M%!A#�B�# �B4�
 +;=<=�(�
 ��F�# �)KL�%�B4� B+;=<=�(84�#5BD �)�ML�K(%�
��=<D)�ML�K(%�
��6 �)�LK(%�
 =/5Q��D �)�L�%�B4K/�
 +;=<=� (�
 =/ �)�L�%�4K/� B+;=<=� (���BD ��B
5��� 3�B-

 ��# �=��5D � �=450 ��=4�;- C��&)CQB&t.(���BD 3A�B�
 ��#� �6 �\87 �#��� �6 $��	#CQ& 3�-�;=� ��#� CQB& �B6 � �#�-

�
 =/ CQ&)�L�(%�
 =/5Q��D �)�L�(%@��0 �;D �) B+;D
 A#�(%!�5B4 �� !# BB;- �B6 �B
�5
�5�# 0 �B=45=6 �B2<U��5- 3

�0� S
 P �� �4�26 D � ��=<=� ���� 0� �B� !�B
� �<j# 3-
�5& .CQ&)�(���U��38�h#��/ 3���D ����A �16#� �38<	 3�-
$��� A# Cj�P � #A��� 0� ���D 8=� � ��� $��� #� �
5��� 3�--
�-� .# �
 =/5Q��D � �
 =/���D @=��# AC=Q�B4 3�=F�5� 3�-

 �2+�- �0� �� !�& .C=Q�B4 $�B�8;- o�+U�B� �
 ��F�# � @��0
!�&!��R �57� �6 �
 =/5Q��D � �
 =/ A# b/ ���#)CQ&�.(

5��B���D A# �/5Q�� Q=�  
���4 3A����12� �� �-�456 �
57 �/ 380)�5�PPL) .(@��0:Galen�# ��
 ��F:Sph�
 =/5Q��D �:Cpy�=��5D� :
Cov .(��# (���D �
 =/5Q��D � �
 ��F�# � @��0 3A�� .Z(�=��5D �6 C
�U4 :�P �� �
 =/5Q��D .�(���D �B=��5D �B6 �B
 =/5Q��D �@��0 3A��

!�& C
�U4 .*(���D��0� 3A��@��0 �D��# � �
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�<7 ���!��;& ��8=
�/���� @=�A���D ����� 0� ����2&4 � �;=&5\h �3A��!�#�  =�F3�- . . .K��

5��C���U�� �#�5;� 3���D 8�h#��/��12� 3A��80 �456 �
57 �/ 3.

���������� ���& �$ 
��B
�/ *#8B<	 3���+?# C=���+/  {� A# ��12� �6�
A�# �5{2� �6

�
57 �/�& �
 '4 ��12� �� g�� �� �6 �
�=;=&5\h 3�-:

�$���&D��( ���E� �% ���������� �� !��*��( �� ��
��5;� �&#� 6 �5{2� �6 5�� 3�- �B��(��� Z�<|�B� @=B��# 3#

 ��# ��5;� �&#� 6 $�Q� S�� .Z5B�� �B�5;� �BD S=�#�B6 �
�6
���(��� �� �&#� 6 �5{2� �n �6 � �]D A# 3# �B6 $#5B+6 �4 �5&

 ��5;� �#�'4 @
 +;D �6 ��12� A# #� �]=+� @
 +�6 3�#� 6 �B��
���R .�B��(��� Z5�� ��5;� �&#� 6 A# ��- �D �]�R A# �B6 3#-

�R �B�� �BP#� A# �
�=;=B&5\h *�BW�H# $�� �BB�� r�B6 3�B-
�-# 6R ��5;� ���#  {� ��5� 3�B��(��� Z5B�� 3�- A# �B
�6 3#
�-# 6R �B&#� 6 [B��2� �#�B'4 � �<Bj�	 �B6 � ��12� �<j# 3�-
��5& .��5;� �&#� 6 ���(��� Z5�� �BD �B&�6 3�5BH �B
�6 3#
�+P ! +�0 CD $�Q�r# �B-� mB&5/ #� �
5B7 �/ 3.�B6 @B
#

 ��12� A# �5{2� �#�'4 ��� 6 ��5� 3K���(��� Z5�� ��5;� -
���& �&#� 6 3#):��7�.(�2�#� @=6 Z � *# ==I4 3ppm

�� �4 ppm��M �B�# !�56 .��  �B2W @B
# �#�B�� @
 +�B=6

 $#8B=� �6 ��12� �6 Y �-# 6R ppm ��M $R �#�B�� @
 B+;D �
8B=� �B6 �B�12� �? B& :�;& 3 �-# 6R �6 �+�6#�$#ppm�� 

��#)CQ&�ML��#.(�B-# 6R �� Z � 3r�6 �#��� �B6 �B6 Y 3
���D �0� 3A�� ���# 4 Ck� � ���r�6 �� 3# �B�# �+�B6#� �B- .
�2�#� @=B6 3�� *# B==I4 3ppm�� �B4 ppm��M � �!�5B6 

Z5B27 �B-# 6R ��  �B2W @
# �#��� @
 +�=6 �B6 �B�12� �B6 Y
$#8=� ppm��M6 � $R �#��� @
 +;D �:�;B& �B-# 6R �B6 �5

 $#8=� �6 ��12� �? & ppm����# .or�B;+P# �#�B�� @
 4r�6
 !�54 �6 X=+=� � ���� 0� �6 �
�5
�5�# 0 �=45=6 �2<U��5- 3

��# �+�6#� ��=<=� �) .CQ&�MLZ.(�2�#� bB� *# B==I4 3
@=6 ppm ���4ppmKM��# .��  �B2W @
# �#��� @
 +�=6

:�;& �-# 6R�12� �6 Y�6 �$#8B=� ppmKM �#�B�� @
 B+;D �
�-# 6R �6 $R:�;& 3$#8B=� �6 ��12� �? & ppm[�� �+�B6#� 

��# .�-# 6R ��  �2W @
# 3r�6 �#��� :�;& 3���BD �B6 �6 Y-
��12� �� b� 3A�� �456 ��12� :�;& �� �4�5U�# 3�5B6 � 80

�� �5&)CQ&�ML�] (�.[

;�,&9� �
�=;=&5\h 8=���R �
�+� ��5;Z5�� 3�-���(��� 3�- �;4# ZJ7 g�� �6 3#)A.A.( 
Sample Longitude Latitude Cu(ppm) Zn(ppm) Pb(ppm) 

Btr1 �MMM�t ���vtMM �� �M� t� 
Btr2 �����K ����Mvt �� �t ��� 
Btr3 �MM��� ����K�t �� �� �� 
Btr4 �MM�M� ���vtv� �K vK t� 
Btr5 ����K� ����Kt� �t �t K� 
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�3����F& !�#8Q<� ���Q��20 3 �& $�
��=P$# 
# ���2& ���D � ���2&�5<6 �<]� K�t

5��<F��5;� ��  j�2W ��#�# 	 � �='?5� Z5�� 3�- 3�B-
���(��� ! +�0 3# �456 �
57 �/ 380)�B�5;� T��# 6 3�B-

 !h� / @
# �� !�& �&#� 6 ()��# ( �B2W �B�#�# 	 � �='?5�
Z ��)Z(3��  �B2W ��#�# 	 � �='?5� �)�(� �B='?5�

 b�  �2W ��#�# 	.

�$���& G�� ���E� �% ���������� ��  
�/ �5{2� �6�
57 ��"2B� !� ( g�� �6 �
�=;=&5\h 3�-��
Ck� A# ��5;� ���D 3�- ���BD 3 �B0� �3A�B� � ��B�# 4 �3A�B�

 ���BB& �BB&#� 6 $�BB� 0�):��BB7�.(@=BB2�;-ea�BB�5;� 
#�R $�'� ��5=/ ����� @=��2�� �D & z�54 �
�=;=&5\h]_[

g�� �B6 � ���& �&#� 6ICP-OES $#��BD �A !�"�B
��AR �� 
A U�#]�[:��7 �� $R �
�+� � 8=���R)`(!�& �\#�#��#.

D��:! +�0 A#  �B2W @B
# *# ==I4 3ppm�A# m=B6 �B4t
��#  =I+� �j�� .���# 4 Ck� ��  �2W @
# �#��� @
 +�=6 3

!��;&����D� �0� 3A�� 3#)v/t�Bj�� ($R CB=�� �BD �B�#

 ��# @��0 �5�P):��7KCQ& ���.(�6 @=2�;- 3��B]2--
���# 4 � C�54 ��  �2W @
# A# �
r�6 3�- !��;& 3���)�4�/t

�j�� (�� !�
� �5&):��7K.(��(:! +�0 @B
# *# B==I4 3
A#  �2Wppm�M �B4K/��B�# �Bj�� .@B
# �#�B�� @
 +�B=6

 !��;B& ��B�# 4 Ck� �� ��12� 38D � m�6 ��  �2W 3��B6 
$#8=�K/��B�# �
 ��F�# ���D �5�P A# �&�� �D ��# �j�� 

):��7KCQ& ���.(H�:! +�B0 A#  �B2W @B
# *# B==I4 3
ppm�A# m=6 �4�/M��#  =I+� �j�� .@B
# �#�B�� @
 +�=6

!��;& ���# 4 Ck� ��  �2W 3���# ):��7KCQ& ���.(
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�<7 ���!��;& ��8=
�/���� @=�A���D ����� 0� ����2&4 � �;=&5\h �3A��!�#�  =�F3�- . . .K��

;�,&I��5;� 8=���R �
�+�!� ( 3�- �"2�(Chip composite)�6 �;4# ZJ7 g�� )A.A.( 
Bi(ppm) Cu(ppm) Zn(ppm) Pb(ppm) YXSampel 

<�Ktvt�����v�M��MM��MBtc1 
<�����������v����MMK�MBtc2 
<���t�������t����t��Btc3 
<�v��M�KK����M���MM���Btc4 
<���K��K�MMM����M���MM���Btc5 
<����vK������M���MM���Btc6 
<�v�t����MM����M���MM���Btc7 
<������v���������MM��MBtc8 
<�����v���������MM�KMBtc9 
<��������������MMKt�Btc10 
<�K�M����������MM�v�Btc11 
<���K������K���MMvvtBtc12 
<�����������v�t�MMK��Btc13 
<���Kv����t��v�MM���Btc14 
<�����vMMM�MMM����M���MM�M�Btc15 
<���M������K������MtBtc16 
<�K�tv�������KvK����M�Btc17 
<�t���K�M����K�����tt�Btc18 
<�������vMM����v�K���t��Btc19 
<�����M�MMMM����v�����t��Btc20 
<�K��Kv����vM����v��Btc21 
<�v�M������vt�������Btc22 

;�,&J��5;� 8=���R �
�+� g�� �6 E2� 3�-ICP-OES]�.[
Bi(ppm) As(ppm) Sb(ppm) Ag(ppm) Cu(ppm) Zn(ppm) Pb(ppm) Sampel 

��t������vK���Kv�tMMBot-Ton-2 
�/M�����tK�Kv����v�tt�Ton-1-1 
�/M��������t���KM�tv���Ton-1-4 
�/MKKK��vKKK���vTon-1-5 
�/Mv��tK������MttTON-2-8 
�/MK���M������vK�tvTR-2-4 
�/M������M���M�M�Kt�v�Ton-2-10 
�/M�v���v�����vM�t�t�KTon-2-16 
�/MKK�t��M�M��t���vt�Ton-2-17 
�/M�t�M���vM����Mt�tTon-3-1 
�/M��K��MKv����Mt��M�vTR-1-1 
�/M��M���vM����vt���MTR-1-2 
�/M�M��/M���K��M�TR-1-3 
�/M�����/M��������TR-1-4 
�/M�M��/M��Mt��tTR-1-5 
�/M�K��/Mv��K�K�TR-2-2 
�/MK�t��K��v���vTR-2-3 
�/M��v�����������vTR-4-A-1 
�/M�����M�����KM����Mt�TR-4-A-2 
�/Mv���KM�MKK���TR-4-A-3 
�/M���v���M����v���K�KTR-4-B-2 
�/M�M�/Mv���t����KTR-4-B-3 
�/M�t��/MK������vBon-TR-6-3 
�/M����M�������t�t�K��TR-7-1 
�/MK��t�K������K�MtKTR-7-3 
�/M����/M�v������TR-8-1 
�/M���/M�t�t�M�TR-8-2 
�/Mt��/M�t�t��KTR-8-3 
�/M�����/M����vK�M�TR-9-3 
�/M���M�vM����K�vtvv�Bot-89-06 
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�3����F& !�#8Q<� ���Q��20 3 �& $�
��=P$# 
# ���2& ���D � ���2&�5<6 �<]� K�M

5��66� �� Z �  �2W �
�=;=&5\h ������12 �/ 3�456 �
5780)��5;� �6 �56 � z�	 �;2-#� �B='?5� � ��# !h� / @
# �� !�& �&#� 6 3�-
���# 4��5;�  "
� � C�54 ��-z�54 �D �-]�[��# !�& ���� !�& �&#� 6 $R A#(.

5��68��12� �� 3��  �2W �
�=;=&5\h �����456 �	��+D# 380)�56 � z�	 �;2-#���5;� �6 �B='?5� � �B�# !h� / @
# �� !�& �&#� 6 3�-
���# 4��5;�  "
� � C�54 ��- z�54 �-]�[!�& �&#� 6 $R A#(.

5��69��12� �� b�  �2W �
�=;=&5\h ���� �456 �
57 �/ 380)��5;� �6 �56 � z�	 �;2-#� �='?5� � ��# !h� / @
# �� !�& �&#� 6 3�-
�# 4����5;�  "
� � C�54 ��-z�54 �D �-]�[��# !�& ���� �& �&#� 6 $R A#(.
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�<7 ���!��;& ��8=
�/���� @=�A���D ����� 0� ����2&4 � �;=&5\h �3A��!�#�  =�F3�- . . .K��

)����+�/ � ��"� :���BD CBk� ��  Bj�2W @
# �#��� @
 +�=6-
�0� 3A�� ��# 3# .! +�0 A# ! B��  �2W *# ==I4 3ppm�/d

�4ppmaaf! +�0 �A# $#5;=+�R *# ==I4 3ppm��4ppm
eeV ��#  =I+� ):��7K(.K���(/ :! +�0 @B
# *# ==I4 3

A#  �2Wppmt�4ppmK����# . �B2W @
# �#��� @
 +�=6
 ���# 4 Ck� �����# ):��7K.(L����% : �2W @
# �#���

��5;� �=<D ��A#  +;D �- ppme��# ):��7 3�-��K(.

���� ����� �� IP/RS 
g�� 3 =0��D �6 ���'�  
�() $�56 $��2/ �<W �6 !A� �# 3�-

 �/ �� �Q
8=	5\h �B�# 3�� B9 �
5B7 .g�� A# !��F+B�# 3�B-
 �� [��2� �Q
8=	5\h �2
8- m-�D �� ��#54 3�B- �
5B7 �B/ �

[�D @=B�A 3�-��+(�B� ��5B� �� SB�� *�BW�H# �� �B��2&
 � @=�A %�;W#��D [��2� � m�6 �=�# lH�2� 3# 6 3��BFP
 �&�6 �2��5�.�/ A# �<P � �� �� � ���'� �#5� �
57�A# $#5B4

 �B<P � �@=+��� �D !��F+�# �Q
8=	5\h *�W�H# A# !��F+B�# 3
�B6 Ck� @+	�
 3# 6 �
#5- �Q
8=	5\h *�W�H# �B���
��]2- .

g�� A# !��F+BB�#  BB"
� �BB<P � CBBP# � �� �Q
8=	5BB\h 3�BB-
 ��# �<=�F4 � �<=�F4 �;=� ��4����� .A# bB/ �B<P � @
# ��

 :�� A# !��F+�# @=B�A 3�- 2B� ��+(�B�E����B� 0� � 3��B"�
 ! =() l=?� Ck� @+	�
 3# 6 lB;W � g +�0 �CQ& �$��2/ 3

$R .�
�/  6 @=�A *�W�H# �6 >#54 �Q
8=	5\h *�W�H# 3����2&
���D �� �;=&5\h � ���� 0� �3A�� 3# B6 #� [��2� Ck� $#54

 #� ���B��D ! B=() �#�B�� �B=�	5� *�5Bj �� � @=='4 3��FP
 � D ���# 6.g�� IP/RS �� �/lB;W � g +�B0 �Ck� �
57

���D ��B<+�� 3�-���B��D �� 3�=F�5B� 3A�B� ���B��D �B2��� 
�=�#8��4 ��  Q�54 3�H]�`[�X=�;�# >�]�f[�=F�5B�5=��� � �

�=�# +�# �� # U��26]�c[@=n �� E2n 3A 3�� � Z � �]��[�
�=�# +�# Z527 �
r�R �65�� b� ]�_[�B�12� ��� ���BQ��D 3

Y :�;& �=�# +B�# Z527 � C=- @D� 6 $�'� �6  ]ad[bB� �
C=-]a�[��# !�& !��F+�#.�� �
5B7 �B/ �� Z�B��A �D & 
:�����M !5BDA� =	 3�BH �<=�BF4 �B;=� ��� 6 �5{2� �6 

)�4�5U�#L�456 8B0 (���BD lB;W � �k1B� *# B==I4 ��� 3A�B�
 �0� 3�+�#�3���D �&#� 6 �6 3A����BU1?�� pB1�� �U& L

U1?�� :5H �6 ���# !� D >#�?# *��F+� 3�- .CQ&3�B-)��(
�)�K(p1�� �U& @
# �='?5� @=�A ���� 3�� #� �- � �B��2&

 �� $��� ���� 0� �2-�]t.[�6 �
�+� �6 �754 �6 A# !�B�R ���
 p1�� �U& @
# p1�� �U& ��- �U1?�� 3�-L�BU1?�� )DD-1(�

)DD-6(�)DD-7(�)DD-8 ( 3 +�=6 �=;-# 3#�#� ��# !�56 
p1�� �U& @
#  =�F4 �6 �D�� �-S
A#� /:

K� M#"� !E�)DD-1 (
:�;& �=�# ��+2� �� p1�� �U& @
# 3�+B�#� �B6 � ! +�0 �6 Y

:�;&�? &LZ527 :5H �6 �6 YvMM �B�# !�& # 7#  +� .��
�� �p1�� �U& @
# 3�+�#���v � �
�B��# mUB1? �=;D �1�� 
!A#��# 3 -�� !.
� ������ ���& 3 =0 .@=B�A ��B�� T�B�# 6

 �B�12� �� !�B& �=�4 ���2& �� �B+	�
 $5B;2(� 3�-�BP#� 3
:�;B& �;B� A# p1�� �U& @
# 3�+�#� �? B&LZ5B27 Z BY

 E2� ��
���R84�#5D�+� ��=�# 052=� �=45=6 A# �24��UW �B6 3�-
 ���& E2���UY �U& � $�� 0� *�&)CQ&��.(�B�12� @B
#

 +� X=+=BB� � ���BB� 0� 3#�#� �BB�# XBB=+=<=/� / � zBB�5
)CQ&�K.(�<j�	 �� 3��M A# 3 
J/h��& 3 +� K�B�� �<=� 

�4 � !�5;� m
#8	# �6 O� & ���  6�K�� �B��  B6 �B�� �<=� 
�<j�	��M �� 3 +� ��� .[=B& *�5j �6  
J/��6 $�A @
# �#�

 :�;& o�U
 �4 3�+�#� ���? &LZ527 l;W �4 �1� A# �6 Y�M
� ��#� ��#�#  +� �B�# !��B� ���Bk� l;W �;� �6 .�<Bj�	 A#

��M �<j�	 �4  +� �KM !�-��B� 3 B"
� 3 
JB/��6 $�A 3 +� 
�� �B<U? $�A �B2��;- $R 3 
JB/��6 lB;W �;B� �B6 �D �5&

 :�;& ��7 �� � �+&#� m
#8	#�6 YLZ527 *�5Bj �B6 �? &
 ��#� �# ? :�# $�A �6 �U�� pH��+�) .CQ&�V(.�UB& T�B�# 6

 p1��RS ='?5� �B6 $�A @B
# �U�� �3��B]2-IP ��#5B�;- 
��12� X
 �6 �65( r�B6 �B4 z�5+� �Q
 +Q�# !.
� ������ �6 3

�� $��� �-�)CQ&�v.(

P� M#"� !E�)DD-6(
p1�� �U& @
# :5H�dd � ��#  +� $R 3�+�#� ����v �1�� 

!A#��# 3 -�� !.
� ������ � �
���# mU1? �=;D !�B& 3 B=0
��#.��B�� T�B�# 6 @=B�A 3�B�12� �� !�B& �B=�4 �B��2&

 �B=45=6 pB1�� �UB& @B
# 3�+�#� �� �+	�
 $5;2(� 3�-�P#�
 E2B� � �B
���R84�#5D�+� �3 =	�5B/ �
�5
�5�# 0 *��B6 3�B-

 �� !�& $�� 0� �&�6)CQ&��.(X=+=� � 3#�#� ! +�0 @
#
 ��# $�� 0�)CQ&�K.(! +�0 3 
J/��6 p1�� �U& @
# �� 3

*# ==I4+=<=6h��&�A#K/�A# m=6 �4 K/�t �B��  B6 ��� �<=� 
��#  =I+� . p1�� �U& �� RS ! +�0 !.B
� ������ *# ==I4 3
A# �Q
 +Q�#Vd�4fdd ��#  =I+�  +� S-# )CQ&��(.�U& ��

 p1��IP )DD-6 ( m�6  +�=6 �� @=\�B/ 3 
JB/��6 $#8B=� �B-
��# .���D SD g +�0 A# �
�QP O595� @
# 3�=F�5B� 3A��

 �m�6  +�=6 �� �
 ���BD �5�BP >�BW �- �� 3�=F�5B� 3A�B�
 ��#� pB1�� �U& @
# 3�+�#� .pB1�� �UB& ��IP �B6 $�A XB
 

�� �{P�� z�5+� �4 �='9 ���/�5& .3 �<Bj�	 �� $�A @
#
�ed �4 �fd �<j�	 �� ���M �4 ��M l;W �� �  +� KM�4  +� 
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�3����F& !�#8Q<� ���Q��20 3 �& $�
��=P$# 
# ���2& ���D � ���2&�5<6 �<]� K��

�M �� !�-���  +� �5&)CQ&��.(pB1�� �UB& T�B�# 6RS 
�6 $�A @
# 3��]2-IP �B6 ! +�0 X
 �6 �65( o�+U�� ��#5�;- 

��#� SD !.
� ������ .@=�A ���� �6 �754 �6 �� � Q<;W ���2&
 !�"+�
# ��#5P �� C�0 3�-e�d �`_d XB
 m
#�B7 �BW�6 �

m�6 �� r�6 �4 z�5+� !.
� ������ �6 $�A Z527 3�- A# �B6 Y
m�6 �5+� �4 SD !.
� ������ �6 3�- :�;& m�6 �� z�? B&

��# !�& C�0 !�#5
�.

5��6Ip1�� �U& �='?5����� 3�� �-@=�A 3! +�0 ���2&�456 �
57 �/ 380.

5��6Jp1�� �U& �='?5����� 3�� �-! +�0 ���� 0� 3�456 �
57 �/ 380.

5��6Q���� 
� ������ � �
���# mU1? p1�� �U& 3!��;& �U1?�� p1�� �U& 3# 6 �Q
 +Q�# !. X
 3)DD-1](t[.
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