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Rock name Sy Sample SiO2 Al2O3 FeO Fe2O3 CaO MgO Na2O K2O Cr2O3 TiO2 MnO P2O5 SrO BaO LOI Total

1 T?Andesite HMR-3-2 9/59 25/16 72/3 25/3 65/4 74/1 45/3 21/3 01/0 8/0 13/0 25/0 09/0 05/0 15/2 6/99
2 Basalt HMR-6-2 6/49 25/18 66/6 84/3 1/10 1/4 72/2 44/1 01/0 99/0 17/0 26/0 06/0 04/0 76/1 100
3 Basalt HR-8-1 3/48 75/18 91/5 45/3 69/9 52/3 22/4 26/0 01/0 02/1 16/0 36/0 1/0 01/0 04/4 8/99
4 Basalt HR-11-1 1/49 2/17 25/7 6/3 26/9 79/6 84/1 77/0 02/0 88/0 17/0 19/0 05/0 02/0 04/3 100
5 B-T-Andesite HRM-5-3 4/52 5/18 21/5 72/3 59/7 41/2 45/3 57/2 01/0 14/1 14/0 44/0 07/0 04/0 09/2 8/99
6 B-T-Andesite HRZ-3-9 5/52 9/16 01/6 95/3 76/8 37/4 3/3 88/1 01/0 15/1 19/0 41/0 07/0 04/0 8/0 5/100
7 Basalt HRZ-9-9 9/51 8/16 16/6 94/3 67/9 47/4 21/3 77/1 01/0 06/1 17/0 35/0 06/0 03/0 99/0 5/100
8 Basalt HRZ-10-2 4/48 75/16 53/6 42/3 4/12 8/4 58/2 83/0 03/0 95/0 16/0 2/0 05/0 01/0 53/3 5/100
9 T?basalt HRZ-11-2 1/51 8/19 21/5 43/3 82/8 81/2 9/2 57/2 01/0 08/1 16/0 34/0 08/0 05/0 04/2 5/100
10 Basalt HS-2-3 2/50 18 18/7 87/3 68/8 83/3 13/3 24/0 01/0 18/1 17/0 24/0 08/0 01/0 76/1 6/98
11 Basalt HS-3-10 3/50 55/17 31/8 34/4 17/9 16/4 86/2 23/0 01/0 26/1 21/0 24/0 07/0 01/0 38/1 100
12 Basalt HS-4-4 6/49 25/17 05/7 65/3 48/9 36/5 44/2 62/0 02/0 18/1 18/0 27/0 06/0 02/0 49/1 7/98
13 B-T-Andesite HS-5-3 2/56 7/18 99/3 08/3 18/6 5/2 66/3 49/2 01/0 86/0 16/0 25/0 09/0 04/0 28/1 5/99
14 B-T-Andesite HS-5-7 1/55 35/17 73/4 43/3 75/7 98/2 98/2 71/2 01/0 93/0 15/0 29/0 06/0 04/0 29/1 8/99
15 B-T-Andesite HS-9-3 4/54 3/9 53/4 45/3 74/6 73/1 94/3 33/2 01/0 98/0 15/0 33/0 09/0 06/0 14/2 100

E��& '$�)�:
name V Cr Co Ni Cu Zn Ga Rb Sr Y Zr Nb Mo Ag Sn Cs Ba La Hf Ta W Tl Pb

1 96 20 13 5 29 105 5/19 2/79 703 1/31 222 2/11 2 1 2 33/5 526 5/27 7/5 8/0 1 5/0 18
2 262 40 8/30 20 17 106 6/18 5/30 498 6/21 92 7/4 2 1 1 17/2 451 4/15 6/2 3/0 1 5/0 8
3 201 60 1/25 26 87 108 1/19 7/1 802 8/26 162 3/9 2 1 2 5/1 5/193 3/26 4 6/0 2 5/0 12
4 232 120 9/37 54 89 96 1/17 3/11 397 2/18 64 3/3 2 1 1 48/6 283 1/9 9/1 2/0 1 5/0 5
5 176 20 25 8 178 118 9/19 8/71 509 3/35 161 7/7 2 1 2 17/1 455 25 4/4 5/0 1 5/0 15
6 214 50 3/27 22 91 113 8/17 9/54 514 3/26 122 7 2 1 1 76/2 414 2/20 3/3 5/0 1 5/0 10
7 233 60 6/28 22 152 101 8/17 2/50 502 8/23 108 2/6 2 1 1 64/1 390 6/18 9/2 4/0 1 5/0 11
8 229 180 7/34 65 100 91 2/17 5/18 389 4/20 79 9/3 2 1 1 84/0 180 11 2/2 3/0 1 5/0 6
9 187 20 8/20 11 31 105 2/21 4/72 606 6/29 170 5/9 2 1 1 36/2 498 9/24 5/4 6/0 1 5/0 13
10 270 20 5/28 11 120 123 4/20 1/3 659 7/26 105 1/6 2 1 1 69/0 5/181 20 3 4/0 1 5/0 13
11 297 10 1/36 9 69 139 5/20 9/1 540 1/27 90 4/4 2 1 1 99/0 174 1/12 7/2 3/0 1 5/0 6
12 273 110 2/34 40 68 113 4/19 3/7 439 6/25 101 7/4 2 1 1 28/2 243 2/13 8/2 3/0 1 5/0 9
13 128 20 4/14 6 439 97 4/20 1/59 724 6/29 191 5/10 2 1 2 72/3 457 7/25 1/5 7/0 1 5/0 14
14 156 50 23 21 21 107 8/18 1/73 481 3/29 172 2/9 2 1 2 47/3 466 2/24 5/4 6/0 1 5/0 12
15 120 10 17 5 38 105 5/19 2/46 709 5/29 172 9/9 2 1 2 47/5 630 6/27 4/4 6/0 1 5/0 13
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E��& '$�)�:
name Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Th U 

1 2/54  56/6 5/24  05/5 37/1 66/5 89/0 6/5 17/1 62/3 57/0 63/3 56/0 1/13  23/3
2 32 19/4 2/17  84/3 22/1 4 63/0 04/4 8/0 42/2 35/0 36/2 34/0 32/3 86/0

3 2/53  57/6 5/28  32/5 57/1 46/5 84/0 86/4 01/1 98/2 45/0 93/2 45/0 37/7 87/1

4 6/20  91/2 7/12  06/3 08/1 32/3 57/0 51/3 74/0 17/2 32/0 08/2 3/0 21/2 46/0
5 1/53  96/6 8/27  27/6 63/1 64/6 06/1 38/6 32/1 92/3 57/0 74/3 55/0 32/8 9/1

6 42 42/5 9/21  78/4 47/1 04/5 79/0 75/4 98/0 93/2 44/0 78/2 43/0 47/5 35/1
7 1/38  84/4 9/19  4/4 42/1 69/4 74/0 53/4 87/0 69/2 39/0 78/2 37/0 56/4 16/1

8 6/23  26/3 4/13  18/3 1/1 49/3 59/0 71/3 76/0 36/2 35/0 78/2 33/0 77/1 6/0
9 3/50  24/6 25 29/5 49/1 49/5 89/0 3/5 07/1 34/3 48/0 78/2 47/0 05/8 98/1

10 9/40  32/5 2/21  7/4 45/1 96/4 8/0 02/5 98/0 04/3 44/0 78/2 43/0 31/5 32/1

11 27 74/3 7/16  24/4 37/1 6/4 79/0 96/4 02/1 07/3 45/0 78/2 43/0 93/2 92/0
12 8/28  87/3 7/16  4 31/1 23/4 72/0 55/4 94/0 79/2 41/0 78/2 41/0 02/3 81/0

13 51 27/6 1/24  19/5 35/1 4/5 86/0 24/5 06/1 28/3 5/0 78/2 51/0 34/9 31/2

14 1/49  18/6 7/24  19/5 39/1 28/5 84/0 3/5 09/1 33/3 51/0 78/2 5/0 14/8 97/1

15 7/55  02/7 4/27  72/5 64/1 86/5 9/0 54/5 12/1 42/3 52/0 78/2 5/0 93/7 02/2
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1- Loss on ignition 
2- Solidification index 
3 ? Differentation 

 �	".�' �1 !  �)1 �)` ,Y �
"B.�1/,9
�Q�
/ G�)*1 
�5���� SL �4�)& .�1 N-�� �/,�� �
"B.�1 /�����L �*�$!-

S
8�%� G�4 �/���� �1G! ��L!"�' ! �
)��/ �)i` �1 �
"B.�1 ���5L �/,�� �
�1$!��*G�� ���` �6#�� �/ ��
)��/ )&�

]dv.[�	".�' �1/,9
�Q�5�� Rb:K2O�1 SiO2

)N-&dv�(�� ��
� 8���)& .
F�$/ "1 �/�)6�Th/Yb, Ta/Yb]dp) [N-&dp��/(

H%$ �� �4 "B�#GO4<�?*Z���
�� �/"Z ,�"�# .F�$/ "1
 �/�)6�AFM]dj[H%$ _�"� �� �4 G"$ O4<�?*Z���
!
�a�); �
/�
�  ,�,�)&)NO&dp@(�*+ �1 ��%A2,& 
��/��1 �/ �4Fe2O3T1�"B. �6$ �1 Fe2O3Q
/"# 
�B	� !
���/,9
Q��/��1 �6$ �/ �L/"; �6$ �1 �4 �1 �
�,�<

�6� �1)`
 �/,# Q
/"# ! �$/ 2� �6$ �1 �4Na2O+K2O/� 
�� 2�.�,4� .�/�)6� F�$/ "1Y-Zr]dp) [N-&dj��/(!

�/�)6�Hf/3-Th-Ta ]dm[H%$�4F)Z �1 [�5;�/ ��Q;< -
���.	 B�4,%)N-&dj@(.�/�)6� ��Cr-Y]d~) [N-&

dm��/(�4 ��)6� �G��)� $�"1���^%� �� G�4 ��/��1 G
��.:.;< F)Z��n*A �3 ,��/� �/"Z ��
�' G�4Cr��/��1 �� -

�/ �1 �5�� ���.:.;< F)Z G�4 D/)�
"0��/��1�/ G�/,M;�� �4 
 ,%%L 8
�6B� G�4�/�)6�/"1G��/��1 ���M; F)Z G�4Q;<-

�� ��L �1 ���.	 ,�!�]dz.[�%�/� �"B�# GG�/,�� Cr ��
"B�# ��/��1 G�1 ���.:.;< F)Z G�4h�)f �/ G"T�� 
/,9
Q�� �&�� G�)*1 �� 2�.� ! �)& �L ,4�Cr �`�& 
/,9
.�5$�%� �H%$ �
/ �� �$�4 .



2�
�/"� �2/�/)9 �9/)` 2/"
/ �$�%& ���3 ! �$�%&�)*1 �*R� �}�

9,�F��/(SiO2@ !(Fe2O3N1��� �� L.O.I�(Na2O+K2O"1/"1 �� 100Na2O/(Na2O+K2O))\!,9 =5� S7J+d.(

9;�:GH%$ ��MZ)� S���;�� �/84 ��^%� ���.:.;< G�4G,%1 ]du) [\!,9 �1�.� S7J+d(.

9;�::�;���3/ h/"��4,G*f/ �+ !+"	 "f�%�63 !���! ,f�� "1/"1 �� @��SiO2 �/,#�4G��^%� )\!,9 �1�.� S7J+d(



,*9�� ��6& ���8�
�' ���x �$�"1���3 �B`�%& !�6�&)7I �/,#G�4@"A . . .�}�

9;�:<��/ (�5��Ni/MgO N1��� ��Si2O@(�5��Co/Fe2O3N1��� �� Si2O�(�5��Rb/K2ON1��� �� Si2O.

9,�:?��/ (�/�)6� F�$/"1 �
�6#�� G"$ ���M; Th/Yb , Ta/Yb@ !(�/�)6� F�$/"1Na2O+K2O-FeO-MgO.

9,�:@��/ (��MZ)� ���M;����B`�$��/�)6� F�$/ "1 Y,Zr@ !(�/�)�6� �/  ��:B�$/ �1Hf/3-Th-Ta .A�4MORB D)�� 5N_B�MORB 
D)�6E��a�); !�V:f 2!�� G�4_G/C��/��1 �G�4*Z���
�V:f N`/� _G/D��/��1 �F)Z G�4Q;<���.	.

9,�:A��/ (��MZ)� ���M;����B`�$��/�)6� �/  ��:B$/ �1 Cr-Y "B�# G�4MORB��/��1 ����.�:.;< F)�Z G�4)7VAB ( ���/��1 !G��4
�V:f 2!�� G/)8WPB (@ !(�/�)6� �/  ��:B$/ �1Cr-Ce/Sr)\!,9 �1�.� S7J+d(.

4- Mid-Oceanic Ridge Basalt 
5- Normal Type 
6- Enriched Type 
7- Volcanic Arc Basalt 
8- Within Plate Basalt 
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9- Primitive Mantle 
10- Chondrit 
11- Large Ione Litophile Element 
12- High Field Strain Element 
13- Mantle wedg 
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14- Rare Earth Element 
15- Nakamora chondrite 
16- Light Rare Earth Element 
17- Heavy Rare Earth Element 
18- Fractional fusion 
19- Fugacity Oxygen 
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N)La/Lu (B�4,%.� "n� �1�*�/)+ 2�64 ,$��%A �� �3 �
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HMR-3-2 pz/d um/m ~~/m v~/u m/vz ~p/p mq/z vd/p m~/u dd/j{  pv/dd 

HMR-6-2 vv/d qj/p j pd/u j/dm p~/v mp/~ jj/d pj/u v{/jm  qm/vd 

HR-8-1 mz/d pv/m j~/m v{/u p/v~ {p/v {q/q v~/u jm/u jj/mq  vq/vu 

HR-11-1 uq/d u~/p pv/p pj/u d/{ uq/v pz/j zz/u p/u pp/pu  mp/pp 

HRM-5-3 ~p/d vz/~ ~j/~ vm/u vm zj/p ~q/~ mz/v mm/u jm/jm  qq/dp 

HRZ-3-9 jz/d zq/j uj/m p/u v/vu zq/v vz/z qq/d jp/u {q/j~  ju/vv 

HRZ-9-9 jv/d j/j ~{/j pd/u ~/dq mm/v v{/z zz/d pz/u vz/mu  q~/vv 

HRZ-10-2 d/d dq/p j{/p pp/u dd dq/v um/m qp/u pp/u pp/pp  jp/v~ 

HRZ-1-2 j{/d v{/m j{/m vq/u {/vj d{/p qd/z mz/v jz/u {q/mv  ~d/d~ 

HS-2-3 jm/d z/j {~/j p/u vu {v/v qm/~ vj/u jp/u md/j~  {{/vu 

HS-3-10 pz/d vj/j ~/j pd/u d/dv {/v dz/j vp/u jp/u dj/vq  {u/vu 

HS-4-4 pd/d j vp/j pv/u v/dp zp/v qj/j ~v/u jd/u d{/pv  up/vq 

HS-5-3 pm/d d{/m j/m vm/u z/vm d{/p u~/q j{/v md/u p{/mu  {u/dm 

HS-5-7 p{/d d{/m vq/m vz/u v/vj dq/p ~d/z zd/v m/u j/jq  zd/dz 

HS-9-3 ~j/d zv/m q~/m vq/u ~/vz pq/p dz/q pp/v m/u v/mm  qp/du 
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20- Subduction 
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