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<\_^_gb_ 

<� ij_^_eZo�Dmjkdh]h� [ehdZ�<hklhqghc�KZjfZlbb�

ehdZevgh�ijhy\e_g�\gmljbieblguc�]jZgblhb^guc�fZ]�

fZlbaf�:-lbiZ�k�\hajZklhf������fej^�e_l��ij_^klZ\e_g�

guc� \medZgh-iemlhgbq_kdhc� ZkkhpbZpb_c� dZeb_\uo�

\ukhdhdj_fgbkluo�jbheblh\�b� ]jZgblh\ [1]��Ih�^Zg�

guf�fbg_jZevghc�]_hl_jfh[Zjhf_ljbb��TiQ b�TiZr��b�

]_hobfbb�pbjdhgZ ba�jbheblh\�\�fZ]fZlbq_kdhf�hqZ]_��

gZoh^b\r_fky�gZ�]em[bg_�g_�[he__���df��l_fi_jZlmju�

ieZ\e_gby�khklZ\eyeb�900±1000�K [2]. 

@_e_abklu_�dZeb_\u_�]jZgblu�A-lbiZ�fh]ml�h[jZ�

ah\Zlvky� ijb� qZklbqghf� ieZ\e_gbb� jZaebqguo� lbih\�

ihjh^ ± hl�kj_^gbo�^h�hkgh\guo��kh^_j`Zsbo�[bhlbl�

b�Zfnb[he��f_lZ]jZm\Zdd b�f_lZi_eblh\�ijb�\ukhdbo�

l_fi_jZlmjZo��!�����K) >��b�kkuedb�\�g_c@.  

Lj_fy�hkgh\gufb�kihkh[Zfb�bo�nhjfbjh\Zgby�y\�

eyxlky�[4]������qZklbqgh_�ieZ\e_gb_�d\Zjp-ihe_\hriZ�

lh\uo�dhjh\uo�ihjh^�� ����^bnn_j_gpbZpby�[ZaZevlh�

\uo�fZ]f������dhf[bgZpby�i_j\uo�^\mo�k�^bnn_j_gpb�

Zpb_c [ZaZevlh\hc�fZ]fu�b�Zkkbfbeypb_c�dhjh\h]h�\_�

s_kl\Z��AFC ± ijhp_kk��� 

Lu-Hf bahlhigu_� bkke_^h\Zgby� pbjdhgZ b� Sm-Nd 

\Zeh\uo�ijh[�k\b^_l_evkl\mxl�h�]_l_jh]_gghklb�dhjh�

\h]h�bklhqgbdZ�^ey�g_hZjo_ckdbo�\gmljbieblguo�jbh�

eblh\�b�]jZgblh\�Dmjkdh]h�[ehdZ��hkgh\gufb�dhfih�

g_glZfb�dhlhjh]h��\_jhylgh��[ueb�Zjo_ckdb_�f_lZi_�

eblu�b�]jZgblhb^u�LL=�ZkkhpbZpbb [1, 5]��Ih�^Zgguf�

fh^_ebjh\Zgby� kh^_j`Zgbc� JAW� fZl_jbgkdb_� jZk�

ieZ\u�^ey�\gmljbieblguo�jbheblh\�b�]jZgblh\�k�\ha�

jZklhf���61 fej^�e_l fh]eb�h[jZah\Zlvky�ijb�����^_�

]b^jZlZpbhgghf�ieZ\e_gbb�kf_kb�f_lZi_ebl-LL=�ijb�

^Z\e_gbb�g_�[he__���d[Zj [1]. 

>ey�ijh\_jdb�wlbo�\u\h^h\�h[�bklhqgbdZo�jZkieZ�

\h\, l_fi_jZlmjZo b� kl_i_gb� qZklbqgh]h� ieZ\e_gby�

g_hZjo_ckdbo� dZeb_\uo� jbheblh\� :-lbiZ� \� Dmjkdhf�

[ehd_�KZjfZlbb��hkgh\Zgguo�gZ�qbke_gghf�fh^_ebjh�

\Zgbb� ]_hobfbq_kdbo� ^Zgguo [1]�� [ueb� \uiheg_gu�

hiulu� ih� wdki_jbf_glZevghfm� ©kmohfmª� ieZ\e_gbx�

gZb[he__�\_jhylguo�ijhlheblh\��iZe_hZjo_ckdb_�LL=�

��f_lZi_eblu���KlZjlh\ufb�fZl_jbZeZfb�^ey�ieZ\e_�

gby�y\eyxlky�h[jZapu�Zjo_ckdbo�LL=�b�f_lZi_eblh\�

ba�kd\Z`bg�\�ij_^_eZo�Dmjkdh]h�[ehdZ�KZjfZlbb� <�ih�

emq_gguo� wdki_jbf_glZevguo� ij_iZjZlZo [ueh ijh�

ZgZebabjh\Zgh� jZkij_^_e_gb_� i_ljh]_gguo� hdkb^h\��

j_^dbo�b�j_^dha_f_evguo�we_f_glh\�\�jZkieZ\_�b�j_�

klblh\uo�fbg_jZevguo�nZaZo�� 

JZg__�\� wdki_jbf_glZo�ih�qZklbqghfm�ieZ\e_gbx�

dhjh\uo�ihjh^�k�p_evx�ihemq_gby�]jZgblhb^guo�jZk�

ieZ\h\�:-lbiZ�ijh\h^beky�ZgZeba lhevdh�i_ljh]_gguo�

hdkb^h\�[3, 6, 7, 8] ba-aZ�keh`ghklb�mq_lZ�\ebygby�Zd�

p_kkhjguo� nZa� gZ� jZkij_^_e_gb_� j_^dbo� b� j_^dha_�

f_evguo�we_f_glh\�\�kbkl_f_�jZkieZ\-j_klbl�� 

 

HibkZgb_�wdki_jbf_glh\ 

KlZjlh\u_� fZl_jbZeu� IeZ\e_gbx� ih^\_j]eZkv�

kf_kv�ljhg^v_fblZ��kd\��������]em[��������f��b�f_lZi_�

eblZ��kd\��������]em[������5). >ey�\u[hjZ�mkeh\bc�wdk�

i_jbf_glZ�fu�hjb_glbjh\Zebkv�gZ�ihemq_ggu_�gZfb�

^Zggu_�^ey�g_hZjo_ckdbo�jbheblh\�:-lbiZ�Dmjkdh]h�

[ehdZ (900±1000�K����d[Zj��hlghkbl_evgh�kmob_�mkeh�

\by�ieZ\e_gby� [1] b�wdki_jbf_glu�ih�kmohfm�ieZ\e_�

gbx�LL=�b�[bhlblh\uo�]g_ckh\�ijb�gbadbo�^Z\e_gbyo 

[6, 7, 8]��KhklZ\u�ijh[�ljhg^v_fblZ�b�f_lZi_eblZ�ijb�

\_^_gu�\�lZ[ebp_���  

Mkeh\by�ijh\_^_gby�wdki_jbf_glh\. Wdki_jbf_glu�

ijh\_^_gu�\�Bgklblml_�wdki_jbf_glZevghc�fbg_jZeh�

]bb J:G� gZ� mklZgh\d_� \ukhdh]h� ]Zah\h]h� ^Z\e_gby�

M<=>-������ k� \gmlj_ggbf� gZ]j_\hf� �©]Zah\Zy�

[hf[Zª���HgZ�iha\hey_l�^hklb]Zlv�^Z\e_gby�^h���d[Zj�

b�l_fi_jZlmju�^h������K��Lhqghklv�j_]mebjh\db�l_f�

i_jZlmju�khklZ\ey_l����K��^Z\e_gby����FIZ��J_]meb�

jh\dZ�b�ih^^_j`Zgb_�g_h[oh^bfhc�l_fi_jZlmju�\�jZ�

[hq_c�dZf_j_�i_qb�hkms_kl\ey_lky�k�ihfhsvx�l_jfh�

j_]meylhjZ� 750-���� 29(1� q_j_a� ^\_� l_jfhiZju� 6-

lbiZ� �3W��5K��� ± 3W������ L_jfhiZju� mklZgh\e_gu�

k\_jom�b�[ebadh�d�gb`g_c�qZklb�dZf_ju�^ey�mijZ\e_�

gby� l_fi_jZlmjguf� ]jZ^b_glhf��>Z\e_gb_� \� kbkl_f_�

mklZgZ\eb\Z_lky� qbkluf� ^Z\e_gb_f� ]ZaZ� $U��DjurdZ�

jZ[hq_c� dZf_ju� ba]hlh\e_gZ�ba� ibjhnbeeblZ��Hdkb^�

Zexfbgby�b�dZhebgh\Zy�\ZlZ� kem`Zl�gZihegbl_e_f�\�

dZf_j_� k� ZfimeZfb��Wdki_jbf_glu� ijh\h^bebkv� \� 3W�

ZfimeZo�ijb�^Z\e_gbb���d[Zj�b�l_fi_jZlmjZo�850�K b�

950�K�^ebl_evghklvx���kmlhd� AZdZedZ�ijhbkoh^bl�ijb�

[ukljhf�kgb`_gbb�l_fi_jZlmju�^h�dhfgZlghc� 

>ey�hij_^_e_gby�kh^_j`Zgbc�i_ljh]_gguo�hdkb^h\�

\�kl_de_��jZkieZ\_��b�fbg_jZevguo�nZaZo�wdki_jbf_g�

lZevgu_� h[jZapu� bkke_^h\Zebkv� f_lh^hf� kdZgbjmx�

s_c�we_dljhgghc�fbdjhkdhibb�\ukhdh]h�jZaj_r_gby�\�

Bgklblml_� wdki_jbf_glZevghc� fbg_jZeh]bb� J:G� gZ�

we_dljhgghf�kdZgbjmxs_f�fbdjhkdhi_�7HVFDQ�9HJD�,,�

;08� k� wg_j]h^bki_jkbhgguf� ki_dljhf_ljhf� ,1&$�

(QHUJ\������ihemijh\h^gbdh\uc�6L�/L��^_l_dlhj�,1&$�

x-VLJKW�� b� \hegh\uf� ^bki_jkbhgguf� ki_dljhf_ljhf�

,1&$�:DYH�����ijb�mkdhjyxs_f�gZijy`_gbb����d<��Z�

lZd`_�gZ�pbnjh\hf�kdZgbjmxs_f�we_dljhgghf�fbdjh�

kdhi_��KWF��&DP6FDQ�09������� 

Kh^_j`Zgby� j_^dbo� b� jZkk_ygguo� we_f_glh\� \�

kl_de_��jZkieZ\_��b�fbg_jZeZo hij_^_eyebkv f_lh^hf�

eZa_jghc� Z[eypbb� k� bg^mdlb\gh� k\yaZgghc� ieZafhc�

(fZkk-ki_dljhf_ljby�/$-ICP-MS) \�Bgklblml_ gZmd�h�

A_fe_�:dZ^_fbb�KbgbdZ�(]��LZc[wc, LZc\Zgv� k�ihfh�

svx�eZa_jghc�kbkl_fu�Excimer 193 nm (Teledyne CE-

TAC Analyte G���\f_kl_�k�d\Z^jmihevguf�fZkk-ki_d�

ljhf_ljhf�$JLOHQW�����. Ih^jh[gZy�ijhp_^mjZ�ZgZebaZ�

hibkZgZ�\�jZ[hl_ [9]��<j_fy�Z[eypbb�khklZ\eyeh����k�

ijb� qZklhl_� eZa_jgh]h� baemq_gby� �� =p� k� ^bZf_ljhf�

iylgZ� 30±40 fdf� b� iehlghklvx� ihlhdZ� wg_j]bb� ��7 

>`�kf2��>ey�dZeb[jh\db�bkihevah\Zeky�klZg^Zjl�1,67�

SRM 612 [10]�� Z� klZg^Zjl� kl_deZ� 86*6�%&5-�*�[ue�

ijhZgZebabjh\Zg� \� dZq_kl\_� wlZehggh]h� fZl_jbZeZ��

DZ`^u_�^\_gZ^pZlv�ZgZebah\�kl_deZ�b�fbg_jZeh\�ij_�

iZjZlZ�khijh\h`^Zebkv�^\mfy�ZgZebaZfb�klZg^Zjlguo�

h[jZaph\� H[jZ[hldZ�^Zgguo�ijh\h^beZkv�k�bkihevah�

\Zgb_f� \_jkbb� ���� ijh]jZffgh]h� h[_ki_q_gby�

GLITTER �� ©\� j_Zevghf� \j_f_gbª [11] kjZam� ihke_�

dZ`^h]h�ZgZebaZ��FbgbfZevguc�ij_^_e�h[gZjm`_gby�

�0'/��k�mjh\g_f�^hklh\_jghklb 99��khklZ\eye�hdheh�

0.1 ppm ̂ ey�5E��6U��=U��1E��%D�b�hdheh���01 ppm ̂ ey�JAW��
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Ih\lhjgu_� baf_j_gby� gZ� klZg^Zjl_� 86*6� %&5-2G 

^Zeb��1�����b�lhqghklv�� ���^ey�hij_^_ey_fuo�we_�

f_glh\� 

 

J_amevlZlu�wdki_jbf_glh\ 

Hiul�����K�b���d[Zj� <�hiul_�ijb�����K�fu�ihem�

qbeb� hlghkbl_evgh� jZ\ghf_jgha_jgbklmx� ihjh^m� k�

]jZgh[eZklh\hc� kljmdlmjhc� [_a� hlq_leb\h� \b^bfuo�

ijbagZdh\� ieZ\e_gby� �jbk�� �a). HgZ� kh^_j`bl� fbg_�

jZevgmx� ZkkhpbZpbx� Qtz+Pl+Kfs+Bt+Crd+Sil�� oZjZd�

l_jgmx� ^ey� iZe_hZjo_ckdbo�f_lZi_eblh\uo ]jZgmeb�

lh\� Dmjkdh]h� [ehdZ� [13, 14]�� Lhqdb� fbdjhahg^h\uo�

ZgZebah\�fbg_jZevguo�nZa�ihdZaZgu�gZ�jbk�����khklZ\u�

fbg_jZeh\�ijb\_^_gu�\�lZ[ebp_�2. 

 

 
 

Jbk. 1. Kgbfdb�wdki_jbf_glZevguo�h[jZaph\�\�hljZ`_gguo�we_dljhgZo��a ± wdki_jbf_gl�ijb�����C b���d[Zj��b ± wdki_jbf_gl�

ijb�����C b���d[Zj��Kbf\heu�fbg_jZeh\�ih�>��@��L ± jZkieZ\��Djm`dZfb�ihdZaZgu�f_klZ�ZgZebah\�fbg_jZeh\�b�jZkieZ\Z�f_lh^hf�

LA-ICP-MS��^bZf_lj�djm`dh\�khhl\_lkl\m_l�h[eZklb�\ha[m`^_gby�eZa_jghc�Z[eypbb. 

[Fig. 1. BSE-images of the experimental samples: (a) ± H[SHULPHQW�DW������&�DQG���NEDU��(b) ± H[SHULPHQW�DW������&�DQG���NEDU��0LQHUDO�

abbreviations are after [12]. L ± melt. The sites of LA-ICP-MS analysis are shown by circles.] 
 

< hiul_ ijb 950�K b 4 d[Zj ihemq_gguc�wdki_jb�

f_glZevguc�h[jZa_p�kh^_j`bl�hdheh�����kl_deZ��jZk�

ieZ\Z�. < j_klbl_�ij_h[eZ^Zxl d\Zjp��ieZ]bhdeZa��dZ�

eb_\uc�ihe_\hc�riZl��[bhlbl��jbk���b���<�agZqbl_evgh�

f_gvr_f�dhebq_kl\_�ijbkmlkl\mxl�kbeebfZgbl�b�hj�

lhibjhdk_g� Wdki_jbf_glZevguc�jZkieZ\�bf__l�kh^_j�

`Zgby�SiO2 hl��0.��̂ h�73.��fZk��� �kj_^g__������fZk����, 

i_j]ebgha_fbkluc�khklZ\��A/CNK hl�����^h��.����ih\u�

r_ggh_�kh^_j`Zgb_�s_ehq_c��.2O + Na2O = 8.0 ± 8.9 

fZk�����k�ij_h[eZ^Zgb_f dZeby gZ^�gZljb_f��K2O/Na2O 

hl�2.��^h�2.6) �lZ[e��1��jbk��2)��Hg�h[h]Zs_g�TiO2 (0.15±

0.���fZk�����kj���.���fZk������oZjZdl_jbam_lky�mf_j_g�

ghc�`_e_abklhklvx� �XFe = 0.47±0.���� aZ�bkdexq_gb_f�

h^ghc�lhqdb�ZgZebaZ��������b�bf__l�g_\ukhdb_�hlghr_�

gby�Fe2O3/TiO2 hl�2.4 ̂ h�10.8. LZdbf�h[jZahf, ih�kh^_j�

`Zgbx�i_ljh]_gguo�hdkb^h\�wdki_jbf_glZevguc�jZk�

ieZ\� [ebahd� d� khklZ\m� g_hZjo_ckdbo� jbheblh\� Dmj�

kdh]h�[ehdZ �jbk����. 

Ih�]_hobfbq_kdbf�oZjZdl_jbklbdZf�jZkieZ\ oZjZd�

l_jbam_lky gbadbfb�dhgp_gljZpbyfb�Sr (32±104��kj���� 

ppm), Cr (1±����kj�����ppm), \ukhdhaZjy^guo�Zr (3.2±35 

ppm��kj.13.4 ppm), Nb (3.5±������kj�����ppm), Ta (0.1±

0.9 ppm, kj�� ��44 ppm), Y (2.3±������ kj. 8.7 ppm), Th 

(0.9±18 ppm��kj��8.3 ppm��b�j_^dha_f_evguo�we_f_glh\�

��REE = 22±165 ppm�� �lZ[e��1���Mf_j_ggu_�kh^_j`Z�

gby�bf_xl Rb (54±2����kj������ppm) b Ba �^h�1935 ppm). 

J_^dha_f_evgu_� we_f_glu� �REE�� lZd`_� oZjZdl_jbam�

xlky kbevgh�h[h]Zs_ggufb ki_dljZfb LREE (LaN/YbN 

= 15±70��� mf_j_ggh� njZdpbhgbjh\Zggufb HREE 

(GdN/YbN = 2.0±5.4�� b� j_adbfb iheh`bl_evgufb Eu 

ZghfZebyfb (Eu/Eu* = 1.3±2.1���lZ[e��1��jbk��4).  

Djhf_�lh]h��gZfb�[ueb�hij_^_e_gu�kh^_j`Zgby�

j_^dbo� b� j_^dha_f_evguo� we_f_glh\� \� j_klblh\uo�

ieZ]bhdeZa_� (An31±36), dZeb_\hf� ihe_\hf� riZl_ b�

d\Zjp_��HklZevgu_�fbg_jZeu��[bhlbl��kbeebfZgbl�b�

hjlhibjhdk_g��g_�ijhZgZebabjh\Zgu ba-aZ�bo�hq_gv�

g_[hevrh]h�jZaf_jZ�± f_gvr_�h[eZklb�\ha[m`^_gby�

eZa_jghc� Z[eypb_c� ���±��� fdf��� Ihe_\u_� riZlu�

bf_xl� [ebadbc� oZjZdl_j� jZkij_^_e_gby� j_^dbo� b�

j_^dha_f_evguo� we_f_glh\� b� nhjfu� djb\uo� gZ�

kiZc^_j-^bZ]jZffZo� �jbk� 5)��ohly�b�h[gZjm`b\Zxl�

jZagu_�kh^_j`Zgby�j_^dha_f_evguo�we_f_glh\� <k_�

hgb�oZjZdl_jbamxlky�h[h]Zs_gb_f�LREE (LaN/YbN = 

15±������ mf_j_ggh� njZdpbhgbjh\Zggufb� HREE 
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(GdN/YbN = 1.0±�����b�j_adbfb�iheh`bl_evgufb�Zgh�

fZebyfb�Eu (Eu/Eu* = 2.0±6.9) �lZ[e����. <�p_ehf�oZ�

jZdl_j� jZkij_^_e_gby� JAW� \� wdki_jbf_glZevghf�

jZkieZ\_�b�ihe_\uo�riZlZo� koh^_g��lhevdh�ihke_^�

gb_�bf_xl [he__�j_adb_�iheh`bl_evgu_�Eu ZghfZ�

ebb��<�d\Zjp_�mklZgh\e_gu�ih\ur_ggu_�dhgp_gljZ�

pbb� Ti�� qlh� k\b^_l_evkl\m_l� h� _]h� \ukhdhl_fi_jZ�

lmjghc�djbklZeebaZpbb�  

 
LZ[e���� Kh^_j`Zgby�i_ljh]_gguo�hdkb^h\�b�j_^dbo�we_f_glh\�\�wdki_jbf_glZevghf�jZkieZ\_�b�klZjlh\uo�fZl_jbZeZo 

[Table 1. Major oxides and trace elements concentrations in experimental melt and initial materials] 

 

����K�b���d[Zj 

>����K�and 4 kbar] 

Ljhg^v_fbl 

[Trodhjenmite] 

F_lZi_ebl 

[Metapelite] 

 

L-2 L-14 

 

L-16 

 

L-21 L-22 L-23 L-24 Lkj� 

[Lavg] 

3759/ 

465 

3554/ 

224.5 

SiO2 72.08 70.91 72.96 73.51 73.24 71.66  72.39 69.79 63.96 

TiO2 0.55 0.53 0.15 0.42 0.40 0.51  0.43 0.33 0.83 

Al2O3 14.18 13.69 13.91 14.41 12.90 13.12  13.70 14.65 16.89 

Fe2O3tot 1.31 1.51 1.62 1.50 1.68 2.30  1.65 3.05 4.77 

MgO 0.58 0.86 0.60 0.68 1.40 1.64  0.96 1.93 3.14 

MnO - 0.05 0.21 0.17 0.17 0.11  0.12 0.04 0.04 

CaO 0.39 0.77 0.83 0.74 0.54 0.49  0.63 2.41 0.35 

Na2O 2.41 2.74 2.48 2.90 2.40 2.63  2.59 4.16 0.96 

K2O 5.63 6.00 6.33 5.99 5.62 5.59  5.86 2.22 7.45 

P2O5 - - - - - -  - 0.10 0.04 

I�i�i� 

[LOI] 
- - - - - -  - 1.05 0.54 

KmffZ 

[Total] 
97.14 97.05 99.08 100.32 98.36 98.06  98.63 99.73 99.01 

Na2O+K2O 8.04 8.74 8.81 8.89 8.02 8.22  8.45 6.38 8.41 

K2O/Na2O 2.34 2.19 2.55 2.07 2.34 2.13  2.26 0.53 7.76 

XMg 0.53 0.47 0.58 0.53 0.38 0.59  0.54 0.56 0.57 

A/CNK 1.31 1.10 1.12 1.14 1.17 1.16  1.16 1.07 1.64 

Li 12.2 58.5 344 31.2 13.4 48.2 21.7 75.6 16.0 18.3 

Sc 2.7 35.0 132 5.99 2.66 12.5 5.79 28.1 3.0 25.0 

Cr 0.9 41.8 150 3.26 1.14 10.4 6.47 30.6 43.1 44.8 

Rb 54.4 260 1599 135 58.1 208 99.3 345 70.2 159 

Sr 64.9 82.6 1440 69.5 31.8 104 67.8 266 483 23.8 

Y 2.32 16.8 99.6 6.37 3.53 17.3 6.14 21.8 8.0 34.5 

Zr 3.17 16.4 216.3 8.1 7.03 34.5 11.0 42.4 195 948 

Nb 4.64 15.3 194 8.15 3.48 19.8 8.58 36.2 6.3 27.3 

Cs 0.84 3.97 24.7 2.42 1.04 3.16 1.39 5.4 1.5 1.5 

Ba 406 1935 22290 1249 479 1797 1009 4166 1103 3334 

La 5.5 40.8 288 24.3 22.4 40 18.0 62.7 32.4 93.2 

Ce 9.4 66.0 444 40.3 29.3 68.2 29.1 98.0 67.8 178 

Pr 1.04 6.7 43.8 3.92 2.69 7.37 3.04 9.8 6.9 6.5 

Nd 3.44 25.0 162 13.6 8.92 27.0 11.9 36.0 24.7 88.1 

Sm 0.69 4.75 35.4 2.77 1.62 5.94 2.57 7.7 4.0 18.5 

Eu 0.48 2.36 21.0 1.58 0.87 2.33 1.26 4.27 1.1 3.6 

Gd 0.70 4.34 30.2 2.12 1.51 5.07 2.31 6.61 3.1 16.8 

Tb 0.10 0.69 4.52 0.31 0.18 0.77 0.29 0.98 0.39 2.3 

Dy 0.59 4.05 24.1 1.79 0.91 4.02 1.68 5.31 1.7 11.3 

Ho 0.098 0.84 4.89 0.25 0.14 0.75 0.3 1.04 0.30 1.8 

Er 0.27 2.37 11.5 0.69 0.37 1.71 0.71 2.52 0.84 4.4 

Tm 0.032 0.28 1.53 0.075 0.046 0.20 0.079 0.32 0.11 0.54 

Yb 0.25 1.83 10.0 0.48 0.23 1.54 0.53 2.12 0.76 4.2 

Lu 0.03 0.29 1.48 0.64 0.032 0.20 0.076 0.39 0.11 0.68 

Hf 0.088 0.43 5.64 0.19 0.16 0.84 0.32 1.1 4.9 31.3 

Ta 0.21 0.60 7.0 0.25 0.13 0.92 0.52 1.38 0.48 1.1 

Pb 14.46 69.7 472 33.7 14.9 60.9 32.1 99.7 7.9 36.1 

Th 0.92 18.0 54.3 5.27 11.6 8.7 5.17 14.9 8.0 30.4 

U 0.16 1.71 13.3 0.52 0.29 2.3 0.94 2.75 1.8 5.62 

�5(( 22.6 160 1082 92.8 69.2 165 71.9 238 144 430 

Eu/Eu* 2.11 1.6 1.96 2.0 1.7 1.3 1.6 1.83 0.96 0.62 

(Gd/Yb)N 2.32 2.0 2.5 3.7 5.4 2.7 3.6 2.58 3.4 3.3 

(La/Yb)N 15.8 16.0 20.7 36.31 69.86 18.6 24.4 21.2 30.6 15.9 

Sr/Y 28.0 4.9 14.5 10.9 9.0 6.01 11.0 12.2 60 0.69 

Ijbf_qZgb_� XMg - molar Mg/(Fe + Mg); A/CNK (molar Al2O3/(CaO +Na2O+K2O). 
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Jbk���� KhklZ\u�wdki_jbf_glZevgh]h�jZkieZ\Z�b�g_hZjo_c�

kdbo�jbheblh\�gZ�^bZ]jZff_�A/CNK ± A/NK: 1 ± wdki_jb�

f_glZevguc�jZkieZ\������K����d[Zj���2 ± kj_^gbc�khklZ\�wdk�

i_jbf_glZevgh]h�jZkieZ\Z������K����d[Zj���3 ± g_hZjo_ckdb_�

jbheblu. 

[Fig. 2. The experimental melt and the Neoarchean rhyolites 

compositions on the A/CNK ± A/NK diagram: (1) ± experi-

mental PHOW������K, 4 kbar); (2) ± average composition of the ex-

SHULPHQWDO�PHOW������K, 4 kbar); (3) ± Neoarchean rhyolites.] 

 

 
 

 

 
Jbk���� KhklZ\u�wdki_jbf_glZevgh]h�jZkieZ\Z�b�g_hZjo_ckdbo�jbheblh\�

gZ�^bZ]jZffZo�OZjd_jZ: 1 ± wdki_jbf_glZevguc�jZkieZ\������K����d[Zj���2 

± kj_^gbc�khklZ\�wdki_jbf_glZevgh]h�jZkieZ\Z������K����d[Zj���3 ± g_hZj�

o_ckdb_�jbheblu. 

[Fig. 3. The experimental melt and the Neoarchaean rhyolites compositions 

RQ�WKH�+DUNHU¶V�GLDJUDPV: (1) ± H[SHULPHQWDO�PHOW������K, 4 kbar); (2) ± average 

FRPSRVLWLRQ�RI�WKH�H[SHULPHQWDO�PHOW������K, 4 kbar); (3) ± Neoarchaean rhyo-

lites.] 

 

 

Jbk�� �� >bZ]jZffu�jZkij_^_e_gby�j_^dbo�b�j_^dha_f_evguo�we_f_glh\�\�wdki_jbf_glZevghf�jZkieZ\_� ����� �K�� ��d[Zj��b�

g_hZjo_ckdbo�jbheblZo� 

[Fig. 4. 7UDFH�DQG�UDUH�HDUWK�HOHPHQWV�GLDJUDPV�IRU�WKH�H[SHULPHQWDO�PHOW�������K, 4 kbar) and the Neoarchaean rhyolites.] 
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Jbk�� �� >bZ]jZffu� jZkij_^_e_gby� j_^dha_f_evguo� we_�

f_glh\�\�ieZ]bhdeZa_��dZeb_\hf�ihe_\hf�riZl_�b�d\Zjp_�

ba�wdki_jbf_glZevgh]h�h[jZapZ������K����d[Zj�� 

[Fig. 5. Rare earth elements diagrams for plagioclase, potas-

sium feldspar and quartz from the experimental sample 

�����K, 4 kbar).] 

 
LZ[e���� Kh^_j`Zgby�i_ljh]_gguo�hdkb^h\�b�j_^dbo�we_f_glh\  

\�fbg_jZeZo�ba�wdki_jbf_glZevgh]h�ij_iZjZlZ������K����d[Zj� 

[Table 2. Major oxides and trace elements concentrations in minerals from the experimental sample (950�K, 4 kbar)] 

 Pl-3 Pl-41 Pl-42 Pl-43 Pl-44 Kfs-50 Qtz-31 Qtz-32 Bt Opx 

1 2 3 4 5 6 7 8 9 10 11 

SiO2 60.18    59.61 64.65 100.16 96.54 39.48 50.67 

TiO2 0.08    - - - - 2.95 0.79 

Al2O3 24.29    25.55 18.85 0.03 2.02 17.03 11.39 

FeO 0.14    0.08 0.33 0.04 0.60 11.33 15.59 

MnO -    0.06 - 0.08 0.08 - 0.08 

MgO 0.11    0.07 0.07 - - 16.92 19.86 

CaO 5.86    7.42 0.23 0.01 0.14 0.20 0.33 

Na2O 6.58    6.85 2.92 - 0.19 0.34 0.52 

K2O 1.02    0.54 12.28 - - 8.78 1.07 

� 98.26    100.28 99.34 100.31 99.57 97.03 100.32 

Ort 0.06    0.03 0.73     

Ab 0.63    0.61 0.26     

An 0.31    0.36 0.01     

Ti 
G�h� 

[N/A] 

G�h� 

[N/A] 

G�h� 

[N/A] 

G�h� 

[N/A] 

G�h� 

[N/A] 

G�h� 

[N/A] 
215 550   

Li 36.5 72.3 16.8 14.1 2.29 7.03 
G�h� 

[N/A] 

G�h� 

[N/A] 
  

Sc 10.6 46.6 14.5 3.84 0.41 7.51 1.27 3.51   

Cr 17.6 66.6 17.3 3.52 0.31 36.0 1.32 27.3   

Co 4.89 17.6 5.36 1.32 0.11 14.2 0.34 1.74   

Rb 79.2 240 70.5 63.3 5.58 38.5 18.3 32.0   

Sr 985 1422 92.2 74.5 72.9 137 8.1 20.3   

Y 5.39 13.2 3.40 4.60 0.24 1.70 1.18 2.10   

Zr 4.78 35.6 3.99 15.7 0.63 2.55 1.76 2.32   

Nb 7.54 35.6 6.56 4.41 0.36 3.87 1.49 2.51   

Cs 1.35 3.86 1.45 0.91 0.11 0.65 
G�h� 

[N/A] 

G�h� 

[N/A] 
  

Ba 1021 3833 610 736 89.3 1448 
G�h� 

[N/A] 

G�h� 

[N/A] 
  

La 9.86 49.0 10.1 11.7 1.03 5.74 2.95 5.09   

Ce 17.2 73.8 16.1 19.0 1.79 8.98 4.88 8.89   

Pr 1.52 7.17 1.66 2.00 0.19 0.85 0.49 0.91   

Nd 5.26 24.4 6.30 7.67 0.64 3.18 1.87 3.38   

Sm 0.95 5.92 1.11 1.62 0.12 0.58 0.40 0.79   

Eu 2.01 6.20 0.67 1.01 0.17 1.11 0.16 0.33   

Gd 0.84 4.99 0.92 1.42 0.07 0.57 0.36 0.69   

Tb 0.13 0.61 0.13 0.19 0.01 0.08 0.05 0.09   

Dy 1.10 3.38 0.67 1.17 0.04 0.40 0.27 0.49   

Ho 0.25 0.78 0.14 0.19 0.01 0.08 0.06 0.09   

Er 0.78 1.79 0.36 0.56 0.01 0.21 0.13 0.26   



IZe_hZjo_ckdb_�LL=�b�f_lZi_eblu�± ijhlheblu�g_hZjo_ckdbo�jbheblh\�$-lbiZ�Dmjkdh]h�[ehdZ�« 

<_klgbd�<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��K_jby��=_heh]by�������������29±40                             35 

Ijh^he`_gb_�LZ[e��� 

[Continued Table 1] 

1 2 3 4 5 6 7 8 9 10 11 

Tm 0.12 0.28 0.05 0.06 0.00 0.02 0.02 0.04   

Yb 0.68 1.66 0.31 0.47 0.01 0.17 0.10 0.22   

Lu 0.12 0.21 0.05 0.06 0.00 0.03 0.012 0.024   

Hf 0.11 1.22 0.10 0.51 0.02 0.09 
G�h� 

[N/A] 

G�h� 

[N/A] 
  

Ta 0.31 1.30 0.33 0.15 0.01 0.29 
G�h� 

[N/A] 

G�h� 

[N/A] 
  

Pb 37.1 93.9 15.4 20.1 3.00 13.7 4.70 9.11   

Th 1.62 9.47 1.59 2.24 0.24 0.98 0.66 0.72   

U 0.32 1.31 0.20 0.53 0.05 0.12 0.092 0.21   

�5(( 40.8 180 38.6 47.1 4.1 22.0 11.8 21.3   

Eu/Eu* 6.9 3.5 2.0 2.0 5.7 5.9 1.3 1.4   

(Gd/Yb)N 1.0 2.49 2.46 2.50 5.79 2.77 3.0 2.6   

(La/Yb)N 10.4 21.2 23.4 17.8 73.9 24.2 21.2 16.8   

 
H[km`^_gb_�j_amevlZlh\ 

Mkeh\by�h[jZah\Zgby�jbheblh\uo�fZ]f 

Dmjkdh]h�[ehdZ�ih�]_hobfbq_kdbf�^Zgguf 

J_amevlZlu�]_hl_jfhf_ljbb��hkgh\Zggu_�gZ�kh^_j�

`Zgbyo�Ti \�d\Zjp_�b�pbjdhg_��^Zxl�m[_^bl_evgu_�^h�

dZaZl_evkl\Z�\ukhdhc� �^h� �����K�� l_fi_jZlmju�\�bk�

lhqgbd_� ]_g_jZpbb�dbkeuo�fZ]f [2]��FZeh]em[bggu_�

mkeh\by�fZ]fh]_g_jZpbb��hp_g_ggu_� k�ijb\e_q_gb_f�

Ti-in-quartz ]_h[Zjhf_ljZ�[15] \�bgl_j\Ze_����±2.��d[Zj, 

^hihegyxlky�^Zggufb�ih� ]_hobfbb�fbg_jZeh\�b�ih�

jh^��=_hobfbq_kdb_�^Zggu_�ih�pbjdhgm�mdZau\Zxl�gZ�

_]h� dhgdmj_glgmx� djbklZeebaZpbx� h^gh\j_f_ggh� k�

ieZ]bhdeZahf�� gh� g_� k� ]jZgZlhf�� qlh� y\ey_lky� mdZaZ�

gb_f�gZ�^Z\e_gb_�f_g__���d[Zj [1]��=_hobfbq_kdb_�oZ�

jZdl_jbklbdb�\Zeh\uo�ijh[�jbheblh\��lZdb_�dZd�\ukh�

db_�hlghr_gby�Ga/Al b�\ukhdb_�dhgp_gljZpbb� ly`_�

euo�JAW�k�j_adhc�hljbpZl_evghc�Eu ZghfZeb_c��lZd`_�

y\eyxlky� mdZaZgb_f�gZ� \_^msmx� jhev�ieZ]bhdeZaZ� \�

j_klblh\hc�ZkkhpbZpbb�dbkeuo�fZ]f��qlh�y\ey_lky�mdZ�

aZgb_f�gZ�g_[hevrb_ ]em[bgu��<ukhdb_�Fe/Mg hlgh�

r_gby�ihjh^�fh]ml�kem`blv�mdZaZgb_f�gZ�ij_h[eZ^Z�

gb_ hjlhibjhdk_gZ�\�j_klblh\hc�ZkkhpbZpbb��qlh�ij_^�

iheZ]Z_l� g_[hevrb_� ^Z\e_gby� b� hlghkbl_evgh� kmob_�

mkeh\by�]_g_jZpbb�dbkeh]h�jZkieZ\Z��LZdbf�h[jZahf��

\k_�ihemq_ggu_�^Zggu_�mdZau\Zxl�gZ�nhjfbjh\Zgb_�

dbkeuo�fZ]f�ijb�\ukhdbo�l_fi_jZlmjZo�b�gbadbo�^Z\�

e_gbyo \�mkeh\byo�\_jog_c�dhju�� 

 

H[ahj�wdki_jbf_glh\�ih�ieZ\e_gbx 

ba\_kldh\h-s_ehqguo�dhjh\uo�ihjh^ 

JZkkfhlj_ggu_�\ur_�]jZgbqgu_�mkeh\by�h[jZah\Z�

gby� jbheblh\uo fZ]f�:-lbiZ� ohjhrh� kh]eZkmxlky� k�

ba\_klgufb�wdki_jbf_glZevgufb�^Zggufb�ih�^_]b^�

jZlZpbhgghfm�ieZ\e_gbx��?s_�\�dhg_�XX \_dZ�\ukdZ�

au\Zebkv� ij_^iheh`_gby�� qlh ]jZgblu�:-lbiZ fh]ml�

[ulv� j_amevlZlhf� qZklbqgh]h� �~ 10±40%) ieZ\e_gby�

ba\_kldh\h-s_ehqguo� dbkeuo� fZ]fZlbq_kdbo ihjh^ 

[16]. Wdki_jbf_glu� ih� ieZ\e_gbx� lhgZeblh\h]h�

]g_ckZ��a�����[bhlblZ��a����jh]h\hc�h[fZgdb��ihdZ�

aZeb�� qlh� jZkieZ\u�� ihemq_ggu_� ijb� ^Z\e_gbb� �±10 

d[Zj��[ebadb�d�]jZgblZf�$-lbiZ�� aZ�bkdexq_gb_f�^h�

\hevgh�\ukhdh]h�kh^_j`Zgby�\�gbo�Al2O3 (~ 14 fZk� %) 

[17]. Hiulu� ih� kmohfm� ieZ\e_gbx� kbgl_lbq_kdh]h�

[bhlblh\h]h�]g_ckZ�\�rbjhdhf�^bZiZahg_�l_fi_jZlmj�

b�^Z\e_gbc hibkZgu�\�jZ[hl_� >�@��Wdki_jbf_glu�ijb�

950�K�� �� d[Zj�b� ����K�� �� d[Zj�ihdZaZeb� h[jZah\Zgb_�

jZkieZ\Z� k� j_klblhf� 4W]�3O�2S[�%W, hq_gv� [ebadh]h�

ih� khklZ\m� i_ljh]_gguo� hdkb^h\� k� ihemq_gguf� \�

gZr_f� wdki_jbf_gl_� �����K�� ��d[Zj���Ijb�ieZ\e_gbb�

\ukhdh]ebgha_fbklh]h� lhgZeblZ� b� ]jZgh^bhjblZ� ijb�

^Z\e_gbb���d[Zj b�l_fi_jZlmj_�950�K�[ue�ihemq_g�jZk�

ieZ\��hl\_qZxsbc�]jZgblhb^Zf�:-lbiZ [7]��<�j_amev�

lZl_�[ue�k^_eZg�\u\h^��qlh ^_]b^jZlZpbhggh_�ieZ\e_�

gb_�ba\_kldh\h-s_ehqguo�]jZgblhb^h\�\�\_jog_c�dhj_�

gZ�]em[bgZo�f_g__����df y\ey_lky�\hafh`guf�f_oZgba�

fhf� h[jZah\Zgby� \ukhdhdj_fgbkluo� ]jZgblhb^h\�:-

lbiZ�[7]. Wdki_jbf_glu�ih�ieZ\e_gbx�Zjo_ckdbo�lhgZ�

eblh\�ijb�g_kdhevdh�[hevr_f�^Z\e_gbb�6±���d[Zj�g_�

ijb\_eb�d�\uieZ\e_gbx�dZeb_\uo�]jZgblhb^h\�[8]��GZ�

wlhf� hkgh\Zgbb� [ue� k^_eZg� \u\h^�� qlh� i_j_jZ[hldZ�

�j_pbdebg]��̂ j_\g_c�dhju��khklhys_c�ba�LL=��g_�fh]eZ�

klZlv�ijbqbghc [he__�fheh^h]h dZeb_\h]h fZ]fZlbafZ. 

>ey�g_]h�g_h[oh^bfh�\h\e_q_gb_�\�h[eZklv�fZ]fh]_g_�

jZpbb�[he__�n_jlbevguo�dhjh\uo�ihjh^�b�beb�kbevgh�

h[h]Zs_gguo�fZglbcguo�jZkieZ\h\ [8].  

 

KhihklZ\e_gb_�jZkq_lguo�b�wdki_jbf_glZevguo�j_�

amevlZlh\�^ey�g_hZjo_ckdbo�jbheblh\�Dmjkdh]h�[ehdZ 

>ey� hp_gdb� ijbf_gbfhklb� jZkkfZljb\Z_fhc� fh�

^_eb�\uieZ\e_gby�dbkeuo�fZ]f�[ueh�ijh\_^_gh�fh^_�

ebjh\Zgb_ kh^_j`Zgbc� JAW��GZ� hkgh\Zgbb� \ZjbZpbc�

Lu-Hf fh^_evguo� \hajZklh\� pbjdhgZ� ba� jbheblh\�

fh`gh�ij_^iheh`blv��qlh�ihke_^gb_�[ueb�h[jZah\Zgu�

aZ�kq_l�ieZ\e_gby�f_lZi_eblh\�b�LL=��ihwlhfm�\�dZq_�

kl\_� bklhqgbdZ� ijb� fh^_ebjh\Zgbb� [ueZ� \u[jZgZ�

kf_kv��khklhysZy�ba��� fZk� ��f_lZi_eblZ�b����fZk����

LL=� Kl_i_gv� ieZ\e_gby� ������ b� khklZ\� j_klblZ�

(50Pl+35Opx+10Bt+5Ilm�� [ueb� ijbgylu� \� khhl\_l�

kl\bb�k�wdki_jbf_glZevgufb�^Zggufb�ih ieZ\e_gbx�

lhgZeblZ�ijb�^Z\e_gbb���d[Zj [7].  
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LZdbf�h[jZahf��dbkeu_�jZkieZ\u��fZl_jbgkdb_�^ey�

bamq_gguo�jbheblh\�b�]jZgblh\�k�\hajZklhf��.61 fej^�

e_l� fh]eb� h[jZah\Zlvky� ijb� ���� ^_]b^jZlZpbhgghf�

ieZ\e_gbb� kf_kb�f_lZi_ebl-LL=�\�jZ\gh\_kbb� k� Ilm-

Bt-Opx-Pl j_klblhf�ijb�^Z\e_gbb�g_�[he__���d[Zj��=jZ�

gblu�ZlZfZgkdh]h�dhfie_dkZ�djbklZeebah\Zebkv�gZ�[h�

e__�]em[hdbo�mjh\gyo�b�kh^_j`Zeb�\�k_[_�ijbf_kv�Opx-

Pl j_klblh\hc�beb�dmfmemkghc�dhfihg_glu��qlh�hij_�

^_ebeh�bo�]_hobfbq_kdb_�hlebqby�hl�jbheblh\��hk\h�

[h`^_gguo�hl�wlbo�nZa�\�oh^_�i_j_f_s_gby�jZkieZ\h\�

gZ�[he__�\ukhdb_�mjh\gb�dhju� 

Wdki_jbf_glZevguc� jZkieZ\�� ihemq_gguc� ijb�

950�K� b� �� d[Zj�� h[gZjm`b\Z_l� mf_j_ggu_� \ZjbZpbb�

gbadbo�kh^_j`Zgbc�j_^dbo�b�jZkk_ygguo�we_f_glh\��aZ�

bkdexq_gb_f� h^ghc� lhqdb�� ]^_� dhgp_gljZpbb� hq_gv�

\ukhdb_� �lZ[e��1���Ohjhrh�ba\_klgh��qlh�g_kh\f_klb�

fu_� \ukhdhaZjy^gu_�b�j_^dha_f_evgu_� �aZ�bkdexq_�

gb_f�Eu��we_f_glu�\�]jZgblhb^Zo�dhgp_gljbjmxlky�\�

Zdp_kkhjguo�fbg_jZeZo [18, 19, 20]��Bf_ggh�hl�bo�ijb�

kmlkl\by�aZ\bkbl�©[x^`_lª�j_^dha_f_evguo b�\ukhdh�

aZjy^guo we_f_glh\ \�dbkeuo�fZ]fZo��Ijb�hij_^_e_�

gbb�kh^_j`Zgbc�j_^dbo�b�j_^dha_f_evguo�we_f_glh\�\�

g_hZjo_ckdbo� jbheblZo Dmjkdh]h� [ehdZ� ^ey� ZgZebaZ�

hl[bjZebkv�h[jZapu�d_jgZ��dhlhju_�[ueb�jZa^jh[e_gu�

b� jZkl_jlu� \� im^jm�� Ba� ihemq_gguo� ijh[� f_lh^hf�

d\Zjlh\Zgby� hl[bjZeZkv� mkj_^g_ggZy� gZ\_kdZ�� Ijb�

ijh[hih^]hlh\d_�kh^_j`Zgb_�Zdp_kkhjguo�fbg_jZeh\ 

�b� khhl\_lkl\_ggh� j_^dbo� b� j_^dha_f_evguo� we_f_g�

lh\��mkj_^gy_lky�b�ijbf_jgh�khhl\_lkl\m_l�lZdh\hfm�\�

bkoh^ghc�ihjh^_��Ki_pbnbdZ�ZgZebaZ�/$-ICP-06�^ey�

wdki_jbf_glZevgh]h�jZkieZ\Z lZdh\Z��qlh�ZgZeba�ijh�

\h^beky�gZ mqZkld_�^bZf_ljhf 30±40 fdf��?keb�\�wlhc 

h[eZklb hlkmlkl\mxl� fbdjh\dexq_gby� Zdp_kkhjguo�

nZa��lh�ijb�ZgZeba_�fu�ihemqZ_f�bkdZ`_gguc�khklZ\�

kl_deZ� �wdki_jbf_glZevgh]h� jZkieZ\Z��� h[_^g_gguc�

j_^dbfb�b�jZkk_yggufb�we_f_glZfb��lZ[e������?keb�`_�

\�h[eZklb�eZa_jghc�Z[eypbb�hdZaZebkv�fbdjh\dexq_�

gby� Zdp_kkhjguo� fbg_jZeh\�� lh� bkdZ`_gby� h[mkeh\�

e_gu� bo� ZghfZevgh� \ukhdbfb� kh^_j`Zgbyfb�� dZd��

gZijbf_j��\�lhqd_�L-16��Bkoh^y�ba�wlh]h��gZfb�\�dZq_�

kl\_� khklZ\Z� wdki_jbf_glZevgh]h� jZkieZ\Z, ijb[eb�

`_ggh]h�d�bklbgghfm��[ue�ijbgyl�kj_^gbc�khklZ\�ba���

hij_^_e_gbc� kh^_j`Zgbc� j_^dbo� b� j_^dha_f_evguo�

we_f_glh\� \�jZaguo� lhqdZo� �jbk��4���GZ� kiZc^_j-^bZ�

]jZffZo�djb\u_�jZkij_^_e_gby�j_^dbo�b�j_^dha_f_ev�

guo�we_f_glh\�\�jZkqzlghf b wdki_jbf_glZevghf�jZk�

ieZ\Zo b�\�g_hZjo_ckdbo�jbheblZo�[ebadb, aZ�bkdexq_�

gb_f� kh^_j`Zgbc� _\jhiby�� ^ey� dhlhjh]h� oZjZdl_jgu�

iheh`bl_evgu_� b� hljbpZl_evgu_� ZghfZebb khhl\_l�

kl\_ggh��Hkgh\guf�dhgp_gljZlhjhf�Eu y\eyxlky�ih�

e_\u_�riZlu��jbk����. HljbpZl_evgu_�ZghfZebb�\�jbh�

eblZo h[tykgyxlky�njZdpbhgbjh\Zgb_f�ieZ]bhdeZaZ�b�

m^Ze_gb_f� _]h� ba� jZkieZ\Z�� <� wdki_jbf_gl_� lZdh_�

njZdpbhgbjh\Zgb_�g_\hafh`gh��ihwlhfm�kl_deh��dZd�b�

j_klblh\uc� ieZ]bhdeZa�� ^_fhgkljbjmxl� iheh`bl_ev�

gu_�ZghfZebb�Eu �jbk��4).  

J_klblh\Zy� ZkkhpbZpby� Qtz+Pl+Kfs+Bt+Sil+Opx \�

wdki_jbf_gl_�hlebqZ_lky�hl�jZkkqblZgghc�Ilm-Bt-Opx-

Pl��Ihy\e_gb_�\�j_klbl_�kbeebfZgblZ�b�dZeb_\h]h�ih�

e_\h]h�riZlZ��ih-\b^bfhfm� k\yaZgh k�ijbkmlkl\b_f�\�

klZjlh\hf�fZl_jbZe_�agZqbl_evgh]h�dhebq_kl\Z����%) 

]ebgha_fbklh]h�f_lZi_eblZ� 

L_fi_jZlmjZ��jZkkqblZggZy�ih�TiQ l_jfhf_ljm [21] 

ijb�̂ Z\e_gbb���d[Zj�\�kj_^g_f�[ebadZ�d�����K��qlh�k\b�

^_l_evkl\m_l�h�dhjj_dlghklb�wdki_jbf_glh\� 

 

<u\h^u 

Ijh\_^_gu� wdki_jbf_glu� ih� ^_]b^jZpbhgghfm�

ieZ\e_gbx� kf_kb� ijbjh^guo� ljhg^v_fblZ� b�f_lZi_�

eblZ� ba� h[jZaph\� Zjo_ckdbo ihjh^� ijb� ^Z\e_gbyo� ��

d[Zj�b�l_fi_jZlmjZo�850�K b 950�K��Ijb�l_fi_jZlmj_�

850�K�fu�ihemqbeb�f_lZi_eblh\uc�]jZgmebl�k�fbg_�

jZevghc�ZkkhpbZpb_c�Qtz+Pl+Kfs+Bt+Crd+Sil [_a�ijb�

agZdh\� ieZ\e_gby�� GZb[he__� bgl_j_kgu_� j_amevlZlu�

^ey� j_r_gby� ihklZ\e_gghc� aZ^Zqb�fu� ihemqbeb� ijb�

l_fi_jZlmj_�����K��NjZdpby�jZkieZ\Z�khklZ\beZ hdheh�

20% k� j_klblhf khklZ\Z�Qtz+Pl+Kfs+Bt+Sil+Opx��Ih�

kh^_j`Zgbx�i_ljh]_gguo�hdkb^h\�khklZ\�wdki_jbf_g�

lZevgh]h�jZkieZ\Z�[ebahd�d�g_hZjo_ckdhfm�jbheblm�:-

lbiZ�ba�Dmjkdh]h�[ehdZ��;he__�keh`guf�hdZaZehkv�bg�

l_jij_lbjh\Zlv�jZkij_^_e_gb_�j_^dbo�b�j_^dha_f_ev�

guo� we_f_glh\�\� wdki_jbf_glZevghf�ij_iZjZl_�ba-aZ�

ehdZevghklb� f_lh^Z� /$-ICP-06�� GZ� dhgp_gljZpbb�

^Zgguo� we_f_glh\� kbevgh�\eby_l�gZebqb_ beb�hlkml�

kl\b_� fbdjh\dexq_gbc� Zdp_kkhjguo� fbg_jZeh\�� ih�

wlhfm�gZf�ijbrehkv�hjb_glbjh\Zlvky�gZ�mkj_^g_gguc�

khklZ\��hij_^_e_gguc�\�k_fb�lhqdZo��<�blh]_�djb\u_�

jZkij_^_e_gby�j_^dbo�b�j_^dha_f_evguo�we_f_glh\�gZ�

kiZc^_j-^bZ]jZffZo \� wdki_jbf_glZevghf� b� jZkq_l�

ghf�jZkieZ\_�[ebadb�d�g_hZjo_ckdbf�dZeb_\uf�jbheb�

lZf��Bkdexq_gb_� khklZ\eyxl� j_adb_� iheh`bl_evgu_�

ZghfZebb�_\jhiby�\�wdki_jbf_glZevghf�kl_de_��G_h�

Zjo_ckdb_�jbheblu��gZh[hjhl��^_fhgkljbjmxl hljbpZ�

l_evgu_� ZghfZebb� Eu�� dhlhju_� h[tykgyxlky� wnn_d�

lb\guf�njZdpbhgbjh\Zgb_f�ieZ]bhdeZaZ�b�m^Ze_gb_f�

_]h�ba�jZkieZ\Z��<�wdki_jbf_gl_�lZdh_�njZdpbhgbjh\Z�

gb_�g_\hafh`gh� 

LZdbf�h[jZahf��gZrb�wdki_jbf_glZevgu_�bkke_^h�

\Zgby� ihdZaZeb� \hafh`ghklv h[jZah\Zgby� g_hZjo_c�

kdbo�jbheblh\uo�fZ]f�:-lbiZ�ijb�\ukhdbo�l_fi_jZlm�

jZo�gZ�g_[hevrbo� ]em[bgZo� \� j_amevlZl_� qZklbqgh]h�

�hdheh������ieZ\e_gby�iZe_hZjo_ckdhc�dhju��khklhy�

s_c�ba�LL=�b�f_lZhkZ^dh\�\�Dmjkdhf�[ehd_�KZjfZlbb� 

Dhgnebdl�bgl_j_kh\� :\lhju�^_deZjbjmxl�hlkml�

kl\b_�y\guo�b�ihl_gpbZevguo�dhgnebdlh\�bgl_j_kh\��

k\yaZgguo�k�im[ebdZpb_c�gZklhys_c�klZlvb� 
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