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<\_^_gb_ 

GZ�Iheyjghf�MjZe_�\�ahg_�=eZ\gh]h�MjZevkdh]h�jZa�

ehfZ��=MJ��aZiZ^g__�h^gh]h�ba�djmig_crbo�]bi_j[Zab�

lh\h]h� fZkkb\Z� Kumf-D_m� ijbkmlkl\mxl� ^mgbl-]Zjp�

[mj]blh\u_� l_eZ� >�@�� ijbmjhq_ggu_� d� \_jog_ijhl_jh�

ahckdbf� hleh`_gbyf� gyjh\_ckdhc� k_jbb�P_gljZevgh-

MjZevkdhc l_dlhgbq_kdhc� ahgu� �jbk� ���� =_g_abk� wlbo�

ihjh^�y\ey_lky�ij_^f_lhf�^bkdmkkbc��Kh]eZkgh�h^gbf�

jZ[hlZf�>�@�hgb�hlghkylky�d�mevljZfZnblZf�Zfi_evrhj�

kdh]h�dhfie_dkZ�gb`g_]h-kj_^g_]h�hj^h\bdZ��qlh�ih^�

jZamf_\Z_l�bo�jbnlh]_ggh_�nhjfbjh\Zgb_�\�hdjZbggh-

dhglbg_glZevghc�h[klZgh\d_��Ih� ^jm]bf�ij_^iheh`_�

gbyf�fZkkb\u�ijbgZ^e_`Zl�kumfd_mkdhfm�^mgbl-]Zjp�

[mj]blh\hfm� hnbheblh\hfm� dhfie_dkm� gb`g_]h-kj_^�

g_]h�hj^h\bdZ�LZ]beh-FZ]gblh]hjkdhc�ahgu�>�@�b�y\ey�

xlky�l_dlhgbq_kdb-wjhabhggufb�debiZfb� 

 

 

 

 

 

 

 

 

 

 

 

Jbk�� �� Ko_fZlbq_kdZy� ]_heh]bq_kdZy� dZjlZ� ahgu�

=MJ�\�jZchg_�ha��Bg]behj�>�@��Mkeh\gu_�h[hagZq_gby�
ih� >�@�� 1 ± gb`g_ijhl_jhahckdb_� hleh`_gby�

fZjmgd_mkdhc� k\blu�� 2 ± \_jog_ijhl_jhahckdb_�

hleh`_gby� gyjh\_ckdhc� k_jbb�� 3 ± k_ji_glbgblh\uc�

f_eZg`�� 4 ± kumfd_mkdbc� ^mgbl-]Zjp[mj]blh\uc�

dhfie_dk� kj_^g_]h� hj^h\bdZ�� 5 ± \_g^-d_f[jbckdb_�

]jZgblu� ky^ZlZyobgkdh]h� dhfie_dkZ�� 6 ± ^mgbl-

]Zjp[mj]blh\u_� l_eZ� Zfi_evrhjkdh]h dhfie_dkZ�

jZgg_]h-kj_^g_]h� hj^h\bdZ�� 7 ± l_dlhgbq_kdb_� gZjm-

r_gby��Z ± =eZ\guc�MjZevkdbc�jZaehf��[ ± gZ^\b]b��8 ± 

f_klh�hl[hjZ�h[jZaph\.  

[Fig. 1. Schematic geological map of the MUF zone in 

the Lake Ingilor area [1]. Legend according to [2]: (1) ± 

Lower Proterozoic deposits of the Marun-Keu formation, 

(2) ± Upper Proterozoic deposits of the Nyarovey series; (3) 

± serpentinite melange; (4) ± Syum-Keu dunite harzburgite 

complex of the Middle Ordovician; (5) ± Vendian-

Cambrian granites of the Syadatayakhinsky complex; (6) ± 

dunite harzburgite bodes of the Ampelshor complex of the 

Early Middle Ordovician; (7) ± tectonic faults: �Z� ± Main 

Ural Fault, (b) ± thrust faults; (8) ± sampling site. 

Translation symbols from the map:Bg]behjt_]Zg ± 

Ingiloryegan, I_qhjkdZy ieblZ ± Pechora plate, <hjdmlZ 

± Vorkuta, KZe_oZj^ ± Salekhard, MjZe ± Urals, 

;Zj_gp_\h fhj_ ± Barents Sea, H[v ± Ob, I_qhjZ ± 

Pechora.] 

 

>mgbl-]Zjp[mj]blh\u_ ZkkhpbZpbb�ihjh^��\klj_qZ-

xsb_ky� \� kdeZ^qZluo� h[eZklyo�� fh]ml� y\eylvky�

khklZ\ghc� qZklvx� jZkkeh_gguo� bgljmab\h\� beb�fZg-

lbcguo�mevljZfZnblh\uo�dhfie_dkh\��Kj_^b�ihke_^-

gbo� \u^_eyxl� ih^dhglbg_glZevguc� b� hnbheblh\uc�

lbiu� >����@��Ih^dhglbg_glZevgu_�mevljZfZnblu�bf_-

xl� ij_bfms_kl\_ggh� e_jpheblh\uc� lbi� jZaj_aZ� b�

oZjZdl_jgu�^ey�dhjg_\uo�ahg�dhglbg_glh\�b�hdjZbg-

gh-dhglbg_glZevguo� jbnlh\uo� ahg�� Hnbheblh\u_�

]bi_j[Zablu� ih^jZa^_eyxlky� gZ� e_jpheblh\uc� b�

]Zjp[mj]blh\uc� lbiu� b� h[jZamxlky� \� kj_^bggh-

hd_Zgbq_kdbo�oj_[lZo �KHO���]em[hdh\h^guo�`_eh[Zo�

b�hdjZbgguo�fhjyo�� 

>ey� mklZgh\e_gby� ]_g_abkZ� nhjfbjh\Zgby� ^mgbl-

]Zjp[mj]blh\uo� l_e� ahgu� =MJ� Iheyjgh]h� MjZeZ�

bkke_^h\Zgu� ^mgblu� [_aufyggh]h� fZkkb\Z�rbjbghc�

����f�b�^ebghc������f��jZkiheh`_ggh]h�d�x]m�hl�ha_jZ�

Bg]behj� �jbk�� ��� P_evx� gZklhys_c� klZlvb� y\ey_lky�

hij_^_e_gb_�]_h^bgZfbq_kdhc�h[klZgh\db�nhjfbjh\Z-

gby�mevljZfZnblh\�b�ihke_^mxsbo�f_lZfhjnbq_kdbo�

ijhp_kkh\� gZ� hkgh\Zgbb� jZkij_^_e_gby� i_ljh]_gguo�

hdkb^h\�b�j_^dha_f_evguo� we_f_glh\��ZgZebaZ�khklZ-

\h\�ojhfribg_eb^h\� 

 

F_lh^u bkke_^h\Zgby 

<k_� ZgZeblbq_kdb_� bkke_^h\Zgby \uiheg_gu� \�

PDI� ©=_hgZmdZª� B=� NBP� Dhfb� GP� MjH� J:G� �]��

Kudlu\dZj���I_ljh]jZnbq_kdb_�hkh[_gghklb�^mgblh\�

bamqZebkv�ih^�iheyjbaZpbhgguf�fbdjhkdhihf��Obfb-

q_kdbc� khklZ\� ihjh^� ihemq_g� k� ihfhsvx� f_lh^Z�

fhdjhc� obfbb��Hij_^_e_gb_� dhgp_gljZpbc� j_^dbo� b�

jZkk_ygguo� we_f_glh\� \uiheg_gh� iml_f� dbkehlgh]h�

jZaeh`_gby�bkoh^guo�h[jZaph\�b�̂ Zevg_cr_]h�ZgZebaZ�

k� ihfhsvx� k_dlhjgh]h� fZkk-ki_dljhf_ljZ� Agilent 
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7700x k� bhgbaZpb_c� \� bg^mdlb\gh� k\yaZgghc� ieZaf_�

ICP-MS f_lh^hf�� Obfbq_kdbc� khklZ\� fbg_jZeh\�

bkke_^h\Zg�gZ�kdZgbjmxs_f�we_dljhgghf�fbdjhkdhi_�

Tescan Vega 3 LMH k�wg_j]h^bki_jkbhgghc�ijbklZ\-

dhc�Instruments X-Max. 

 

I_ljh]jZnby�b�fbg_jZeh]by 

I_ljh]jZnbq_kdb_�bkke_^h\Zgby�^mgblh\�iha\heb-

eb�\u^_eblv�kj_^b�gbo�^\Z�lbiZ��>mgblu�i_j\h]h�lbiZ 

bf_xl�i_]fZlhb^gmx�ijhlh]jZgmeyjgmx�i_l_evqZlmx�

kljmdlmjm� b� fZkkb\gmx� l_dklmjm� �jbk�� �Z��� Ihjh^Z�

khklhbl�ba� �h[� ���heb\bgZ� ���±����� k_ji_glbgZ� ���±

����� debghibjhdk_gZ� ��±���� ojhfribg_eb^Z� ��±��� b�

^jm]bo�jm^guo�fbg_jZeh\� ��±2).  Km[bahf_ljbqgu_ 

m^ebg_ggu_�a_jgZ�heb\bgZ�jZaf_jhf�^h��±��ff�bf_xl�

ieZ\gu_�]jZgb�b�g_j_^dh�i_j_k_dZxlky�ih^�m]ehf�������

Heb\bg� ih� khklZ\m� hl\_qZ_l� nhjkl_jblm� �)D� ± 6.5±

������� bf__l� h^ghjh^gh_� ih]ZkZgb_� b� aZf_sZ_lky�

i_j_ie_lZxsbfbky� ihehkdZfb� k_ji_glbgZ�� <� g_f�

gZ[ex^Zxlky�ijbf_kb�fZj]ZgpZ��MnO ± 0.15±�������b�

gbd_ey� �NiO ± 0.33±��������F_`^m� a_jgZfb� heb\bgZ�

gZ[ex^Zxlky� [_kp\_lgu_� b^bhfhjngu_� djbklZeeu�

^bhikb^Z�jZaf_jhf�^h�����ff��h[jZamxsb_�kdhie_gby�

\�\b^_�ijh`behd� 

 

 
Jbk���� Fbdjhkljmdlmju�^mgblh\��Z�± i_]fZlhb^gZy��ijhlh]jZgmeyjgZy���b ± ihjnbjhdeZklh\Zy��Nhlh k ZgZebaZlhjhf. 

[Fig. 2. Dunite microstructures: (Z) ± pegmatoid (protogranular), (b) ± porphyroclastic. Photo with the analyser.] 

 
Ojhfribg_eb^�ij_^klZ\e_g�bahf_ljbqgufb��ijba-

fZlbq_kdbfb�m^ebg_ggufb�b�g_ijZ\bevgufb�a_jgZfb�

jZaf_jhf�^h���ff��dZd�\�\b^_�\dexq_gbc�\�heb\bg_��lZd�

b�\�bgl_jklbpbyo��jbk���Z���P_gljZevgu_�qZklb�g_dhlh-

juo� a_j_g� ijhk\_qb\Zxl� [mjuf� p\_lhf�� Ih� khklZ\m�

ojhfribg_eb^u�bf_xl�ahgZevgh_�kljh_gb_�± p_gljZev-

gu_�qZklb�a_j_g�khhl\_lkl\mxl�Zexfhojhfblm��kj_^gb_�

ahgu�± n_jjbZexfhojhfblm�b�n_jjbojhfblm�ih�deZkkb-

nbdZpbb� >�@�� \g_rgb_� ahgu� ± fZ]g_lblm� �jbk�� �Z��� <�

p_gljZevguo�qZklyo�a_j_g�ojhfribg_eb^u�bf_xl�ke_-

^mxsbc�khklZ\��\�fZk�����&U2O3 ± 45.7±50, Al2O3 ± 21.6±

23.8, MgO ± 12.1±13.3, FeO ± 15.9±18.2, V2O5 ± 0±������<�

kj_^gbo�ahgZo�ihy\ey_lky�=Q2�± 0.41±������b�0Q2�± 0±

�������Z�\�djZ_\uo�qZklyo NiO ± 0.58±�������lZ[e������ 

:dp_kkhjgu_� jm^gu_� fbg_jZeu� ij_^klZ\e_gu�

i_gleZg^blhf�� Z\Zjmblhf� �1L3Fe�� b� g_gZa\Zggufb�

fbg_jZeZfb� �1L3Sb, (FeNi)3(AsS)2, (FeNi)5(AsSb)2�� b�

bf_xl� jZaf_ju� g_� [he__� ���� ff�� :\Zjmbl h[jZam_l�

djbklZeeu� dm[bq_kdhc� nhjfu� b� ijbkmlkl\m_l� \�

kj_^gbo�b�djZ_\uo�ahgZo�ojhfribg_eb^h\��M^ebg_g-

gu_�� g_ijZ\bevghc� nhjfu� a_jgZ� i_gleZg^blZ� h[jZ-

amxl�kjZklZgby�k�Z\Zjmblhf�b�k�g_gZa\Zggufb�fbg_-

jZeZfb��jbk���k��� 

>mgblu� \lhjh]h� lbiZ oZjZdl_jbamxlky� f_edh- 

kj_^g_a_jgbklhc��fhaZbqghc�ihjnbjhdeZklh\hc�kljmd-

lmjhc�b�ihehkqZlhc��ebg_cghc�l_dklmjhc��jbk���b���Hgb�

khklhyl�ba� �h[����heb\bgZ� ���±����� k_ji_glbgZ� ��±4), 

ojhfribg_eb^Z� ��±��� b� jm^guo� fbg_jZeh\� ��±2). 

M^ebg_ggu_�ebgah\b^gu_�a_jgZ�heb\bgZ�jZaf_jhf�^h�

���� ff� k� aZam[j_ggufb� g_jh\gufb� h]jZgbq_gbyfb�

hjb_glbjh\Zgu�\�h^ghf�gZijZ\e_gbb�b�ij_^klZ\e_gu�

nhjkl_jblhf��)D�± 6.5±�������Hgb�jZkiheh`_gu�kj_^b�

f_edbo�a_j_g�©fhaZbqgh]hª�heb\bgZ��jZaf_ju�dhlhjuo�

����ff��Heb\bg� kh^_j`bl�ijbf_kb�fZj]ZgpZ� �MnO ± 

������� b� gbd_ey� �NiO ± 0.35±�������� K_ji_glbg�

h[jZam_l�hl^_evgu_�ihehku�rbjbghc�^h��±��ff� 

Ojhfribg_eb^u�g_�ijhk\_qb\Zxl��h[jZamxl�b^bh-

fhjngu_�� m^ebg_ggu_�� jhf[h\b^gu_� b� ijbafZlbq_k-

db_� a_jgZ� jZaf_jhf� ^h� ��ff� �jbk�� �b���P_gljZevgu_�

ahgu� djbklZeeh\� ij_^klZ\e_gu� ojhfblhf�� kj_^gb_� ± 

ojhfblhf�b�km[n_jjbojhfblhf��djZcgb_�± ojhffZ]g_-

lblhf�b�fZ]g_lblhf��jbk���Z���P_gljZevgu_�qZklb�a_j_g�

bf_xl� ke_^mxsbc� khklZ\� \� fZk���� &U2O3 ± 62.9±67, 

Al2O3 ± 4±7.5, MgO ± 8.6±10.6, FeO ± 18.9±22.2, V2O5 ± 

0±������<�kj_^gbo�b�djZ_\uo�ahgZo�gZ[ex^Zxlky�=Q2�

± 0.36±������b�1L2�±0±0.72%.  

Jm^gu_� fbg_jZeu� ij_^klZ\e_gu� rZg^blhf�

(Ni3Pb2S2��� Z\Zjmblhf� �1L3Fe��� obae_\m^blhf� �1L3S2), 

g_gZa\Zggufb� fbg_jZeZfb� ��1L2(AsSb), Ni3Sb, 

(FeNi)5(AsSb)2�� b� k_j_[jhkh^_j`Zsbf� Zmjbdmijb^hf�

(Au2Cu3���:\Zjmbl h[jZam_l�kjZklZgby�k�g_gZa\Zggufb�

fbg_jZeZfb��rZg^blhf�b�obae_\m^blhf��jbk���G��H��� 
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Jbk�� �� %6(� bah[jZ`_gby� ah-

gZevguo�ojhfribg_eb^h\� �Z� ± 

ijhlh]jZgmeyjgh]h��b ± ihjnb-

jhdeZklh\h]h��b�^jm]bo�jm^guo�

fbg_jZeh\��c, d, e���Ahgu ojhf-

ribg_eb^h\: I ± p_gljZevgZy, II 

± kj_^gyy, III ± djZ_\Zy.  

[Fig. 3. BSE images of the zoned 

chromespinelides ((Z) ± proto-

granular, (b) ± porphyroclastic) 

and other ore minerals (c, d, and 

e). Chromespinelide zoning: I ± 

core, II ± middle, III ± rim.] 

 

 
Jbk���� >bZ]jZffu�Al±Cr±Fe3+ �>�@Z��b, d��b�Cr/(Cr+Al)±Fe2+/(Fe2++Mg) ([5] c��^ey�ojhfribg_eb^h\�ba�^mgblh\��Mkeh\gu_�h[ha-
gZq_gby��GZ�^bZ]jZff_�G��<��IZ\eh\Z��1 ± ojhfblu��2 ± km[n_jjbojhfblu��3 ± Zexfhojhfblu��4 ± km[n_jjbZexfhojhfblu��5 ± n_jjb-

Zexfhojhfblu�� 6 ± km[Zexfhn_jjbojhfblu��7 ± n_jjbojhfblu�� 8 ± ojhfibdhlblu�� 9 ± km[n_jjbojhfibdhlblu��10 ± km[Zexfh-

ojhffZ]g_lblu��11 ± ojhffZ]g_lblu��12 ± ibdhlblu��13 ± fZ]g_lblu��Lhqdb�khklZ\h\�ojhfribg_eb^h\�ba�^mgblh\��djm]b�± ihjnbjh-

deZklh\uo��d\Z^jZlu�± ijhlh]jZgmeyjguo���1 ± p_gljZevguo�ahg��2 ± kj_^gbo�ahg��3 ± djZ_\uo�ahg��Ihey ih: Z [7], b [8], c [5], d [9, 10]. 

[Fig. 4. Al±Cr±Fe3+ ([6]Z, b, and d) and Cr/(Cr+Al)±Fe2+/(Fe2++Mg) ([5] c) diagrams for chromespinelides from dunites. Legend: In the 

diagram by N. V. Pavlov: (1) ± chromites; (2) ± subferrichromites; (3) ± alumochromites; (4) ± subferrialumochromites; (5) ± ferrialumochromites; 

(6) ± subalumoferrichromites; (7) ± ferrichromites; (8) ± chromepicotites; (9) ± subferrichrompicotites; (10) ± subalumochromemagnetites; (11) ± 

chromemagnetites; (12) ± picotites; and (13) ±  magnetites. Composition points for chromespinelides from dunites (circles ± porphyroclastic, 

squares ± protogranular): (I) ± core zones, (II) ± middle zones, and (III) ± rim zones. Fields according to: Z [7], b [8], c [5], and d [9, 10].] 



G. K. Meyr_\Z 

28                                                              Proceedings of Voronezh State University. Series: Geology. 2021, no. 4, 24±34 

 



>mgblu�ba�]bi_j[Zablh\h]h�fZkkb\Z�ahgu�=eZ\gh]h�MjZevkdh]h�jZaehfZ��Iheyjguc�MjZe�� « 

<_klgbd�<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��K_jby��=_heh]by����������4, 24±34                             29 

Ijbf_qZgby�d�LZ[e�����ojhfribg_eb^u��1±9 ±ba�^mgblh\�k�

ihjnbjhdeZklh\hc� kljmdlmjhc�� 10±16 ± ba� ^mgblh\� k�

ijhlh]jZgmeyjghc�kljmdlmjhc��P ± p_glj�a_jgZ��k�± kj_^gyy�

ahgZ�a_jgZ��d�± djZ_\Zy�ahgZ�a_jgZ��Ijh[_e� ± dhgp_gljZpby�

hij_^_ey_fh]h dhfihg_glZ� hlkmlkl\m_l� beb� gb`_� ij_^_eZ�

h[gZjm`_gby�f_lh^Z� 

Note to Table 1: Chromespinelides: 1±9 from dunites with a 

porphyroclastic structure, 10±16 from dunites with a proto-

granular structure. C ± is the center of the grain, s ± is the middle 

zone of the grain, k ± is the edge zone of the grain. Blank - the 

concentration is absent or below the detection limit of the method. 

 

=_hobfby 

>mgblu�hl\_qZxl�gZljb_\uf�fZ]fZlbq_kdbf h[jZ-

ah\Zgbyf ghjfZevgh]h�jy^Z��Ihjh^u�bf_xl�gba- 

db_�kh^_j`Zgby��\�fZk�����TiO2 ± 0.01, SiO2 ± 36±37 

b� \ukhdh_� dhebq_kl\h� MgO ± 42±��� �lZ[e�� ����

KmffZjgh_� kh^_j`Zgb_� j_^dha_f_evguo� we_f_glh\�

�JAW��^ey�^mgblh\�djZcg_�gbadh_���JAW�± 0.06±0.14 

]�l���GZ�^bZ]jZff_��]^_�khklZ\u�ihjh^�ghjfbjh\Zgu�

hlghkbl_evgh� khklZ\Z� ohg^jblZ� >11@�� gZ[ex^Z_lky�

iheh]bc� lj_g^� jZkij_^_e_gby� j_^dha_f_evguo  

we_f_glh\�k�q_ldbfb�fbgbfmfZfb�bll_j[by��jbk������

>mgbl� k� ihjnbjhdeZklh\hc� kljmdlmjhc� oZjZdl_jb-

am_lky�f_gvrbf� kh^_j`Zgb_f�JAW��&U� �����]�l���gh�

ih\ur_gguf� Ni ������ ]�l�� ih� kjZ\g_gbx� k� i_]fZ-

lhb^guf�^mgblhf��&U�± �����]�l��Ni ± �����]�l�� 

 

LZ[e���� Obfbq_kdbc�khklZ\��\�fZk����ihjnbjhdeZklh\h]h�����b�ijhlh]jZgmeyjgh]h���� 

^mgblh\�b�kh^_j`Zgby�\�gbo�j_^dbo�b�j_^dha_f_evguo�we_f_glh\��\�]�l� 
[Table 2. Chemical composition (in wt. %) of porphyroclastic (1) and protogranular (2) 

dunites and the content of rare and rare earth elements in them (in ppm)] 

Dhfihg_gl 

[Component] 
1 2 

Dhfihg_gl 

[Component] 
1 2 

SiO2 36.34 37.34 Nd 0.025 0.048 
TiO2 0.01 0.01 Sm 0.0053 0.0089 
Al2O3 0.76 0.99 Eu 0.0033 0.0030 
FeO 4.08 3.72 Gd 0.0061 0.014 

Fe2O3 2.7 3.02 Tb 0.0013 0.0028 
MnO 0.11 0.099 Dy 0.0069 0.016 
CaO 0.1 0.2 Ho 0.0022 0.0037 
MgO 45.73 41.83 Er 0.0023 0.013 
K2O 0.01 0.01 Tm 0.0008 0.002 
Na2O 0.07 0.07 Yb 0.0014 0.0035 
P2O5 0.0062 0.0039 Lu 0.0016 0.031 

La 
G_�h[g� 

[Not found] 

G_�h[g� 

[Not found] 
Cr 670 1400 

Ce 
G_�h[g�  

[Not found]  
0.013 Ni 2500 2100 

Pr 0.0049 0.014 Cu 5.4 5.4 
 

 

 

 

 

 

 

Jbk�� �� Ki_dlju� kh^_j`Zgbc� j_^dh-

a_f_evguo� we_f_glh\� \� ijhlh]jZgmeyj-

guo� ���� b� ihjnbjhdeZklh\uo� ���� ^mgb-

lZo�� ghjfbjh\Zgguo� hlghkbl_evgh� kh-

^_j`Zgbc� JAW \� ohg^jbl_� >��@�� >ey�

kjZ\g_gby�ijb\_^_gu�ki_dlju kh^_j`Z-

gbc�JAW�\�mevljZfZnblZo�ba�fZkkb\h\�± 

DjZdZ� >�@�� Kumf-D_m� >��@�� <hcdZjh-

Kugvbgkdh]h� >��@� b� fZglbcguo� i_jb-

^hlblh\�hkljh\guo�^m]�>��@� 

[Fig. 5. Spectra of rare earth element 

content in protogranular (1) and por-

phyroclastic (2) dunites normalised relative 

to REE content in chondrite [11]. For 

comparison, the figure shows the spectra of 

REE contents in ultramafic rocks from the 

Kraka [8], Syum-Keu [12], Voikaro-

Synyinsky [13] massifs, and mantle 

peridotites of island arcs [14].] 
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H[km`^_gb_�j_amevlZlh\ 

I_ljh]_g_abk�^mgblh\�\�ahg_�=MJ��Hlkmlkl\b_�dm�

fmeylb\guo�kljmdlmj�\�bamqZ_fuo�^mgblZo��ihgb`_g�

gu_�kh^_j`Zgby�\�gbo�]ebgha_fZ������±��������hdkb^Z�

dZevpby�����±�������hdkb^Z�lblZgZ���������b�h[s_c�`_�

e_abklhklb� ������� �lZ[e�� ���ih� kjZ\g_gbx� k�^mgblZfb�

jZkkeh_gguo�bgljmab\h\��$O2O3 ± 1.38%, CaO ± 0.43%, 

TiO2 ± 0.1%, XFe �`_e_abklhklv��± 0.13) [15@��k[eb`Z_l�

wlb�h[jZah\Zgby�k�Zevibghlbigufb��fZglbcgufb��]b�

i_j[ZablZfb� 

Nhjfbjh\Zgb_� ^mgblh\� bgl_jij_lbjm_lky� ih-jZa�

ghfm��hgb�eb[h�ij_^klZ\eyxl�kh[hc�j_klbl��h[jZah\Z\�

rbcky�ijb�[hevrbo�kl_i_gyo�ieZ\e_gby�i_jb^hlblh\�

[16@��eb[h�y\eyxlky�ijh^mdlZfb�j_Zdpbb�lm]hieZ\dh]h�

hklZldZ� k� ijhgbdZxsbfb� kgbam� jZkieZ\Zfb� beb�b�

nexb^Zfb��khijh\h`^Zxs_cky�fZglbcguf�f_lZkhfZ�

lhahf�b�^_ibjhdk_gbaZpb_c�>�7, 18, 19@��>mgblbaZpby�

fh`_l�ijhbkoh^blv�lZd`_�\�j_amevlZl_�kbgdbg_fZlb�

q_kdhc�f_lZfhjnbq_kdhc�^bnn_j_gpbZpbb�]Zjp[mj]b�

lh\�>����2]. 

Ohjhrh�bamq_ggufb�y\eyxlky�^mgblu�ba�Zevibgh�

lbiguo�mevljZfZnblh\uo�dhfie_dkh\�X`gh]h�MjZeZ��

<�jZ[hlZo�>5, 8@�ihdZaZgh��gZ�hkgh\Zgbb�bamq_gby�]_h�

obfbb�ihjh^�b�ojhfribg_eb^h\��qlh�fZkkb\u�aZiZ^�

ghc�l_dlhgbq_kdhc�ahgu� �DjZdZ��ij_^klZ\eyxl�kh[hc�

njZ]f_glu� \_jog_c� fZglbb� <hklhqgh-?\jhi_ckdh]h�

dhglbg_glZ�b�hdjZbggh-dhglbg_glZevgh]h�jbnlZ��FZk�

kb\u�ahgu�=MJ��GmjZeb��D_fibjkZckdbc��b�FbZkk-Dm�

ebdh\kdh]h�ihykZ��DZedbgkdbc��Dmebdh\kdbc��knhjfb�

jh\Zebkv�khhl\_lkl\_ggh�\�hd_Zgbq_kdhc�b�hkljh\h^m�

`ghc�h[klZgh\dZo��GZ�Iheyjghf�MjZe_�gZb[he__�bam�

q_gu� djmigu_� mevljZfZnblh\u_� fZkkb\u� OZ^Zlbg�

kdh]h��Kumf-D_m��OZjq_jmav��b�<hcdZjh-Kugvbgkdh]h�

ihykh\��jZkiheh`_gguo�d�\hklhdm�hl�=MJ��FZkkb\�OZj�

q_jmav�� ih-\b^bfhfm�� y\ey_lky� debihf� hl� fZkkb\Z�

Kumf-D_m�� Ij_\Zebjm_l� fg_gb_�� qlh� wlh� njZ]f_glu�

eblhkn_ju� hd_Zgbq_kdh]h� lbiZ� >20@�� i_j_jZ[hlZggu_�

kgZqZeZ� ijb� qZklbqghf� ieZ\e_gbb� ijhlhfZglbcgh]h�

\_s_kl\Z��Z�aZl_f�\�oh^_�nexb^gh-fZ]fZlbq_kdhc�^_�

ibjhdk_gbaZpbb�gZ^�ahghc�km[^mdpbb�>12].  

I_]fZlhb^gu_�beb�ijhlh]jZgmeyjgu_�b�ihjnbjh�

deZklh\u_� lbiu�fbdjhkljmdlmj��oZjZdl_jgu_�^ey�bk�

ke_^m_fuo� ^mgblh\�� hljZ`Zxl� kl_i_gv� ieZklbq_kdhc�

^_nhjfZpbb�ihjh^�khhl\_lkl\_ggh�\�fZglbcguo�b�dh�

jh\uo�mkeh\byo��>mgbl� k�ijhlh]jZgmeyjghc� kljmdlm�

jhc�nhjfbjm_lky�\ l\_j^hf�km[kljZl_�\�ijhp_kk_�^_ib�

jhdk_gbaZpbb� fZglbcguo� mevljZfZnblh\�� khijh\h`�

^Zxs_cky�j_djbklZeebaZpb_c�hl`b]Z�ijb� l_fi_jZlm�

jZo�[he__������K��MevljZfZnblu�k�ihjnbjhdeZklh\hc�

kljmdlmjhc�h[jZamxlky�\�j_amevlZl_�bgl_gkb\guo�^_�

nhjfZpbc��ijb�dhlhjuo�ijhbkoh^bl�kbgl_dlhgbq_kdZy�

j_djbklZeebaZpby� a_j_g� ijhlh]jZgmeyjgh]h� heb\bgZ�

[9@��>mgblu� k�^_nhjfZpbhggufb� kljmdlmjZfb�oZjZd�

l_jgu�̂ ey�fZglbcgh]h�kj_aZ�hnbheblh\uo�dhfie_dkh\��

\�lhf�qbke_�fZkkb\h\�Iheyjgh]h�MjZeZ��Kumf-D_m�b�

OZjq_jmav�>9, 12].  

=_hobfbq_kdZy�lbibaZpby��AgZq_gby�Ca-Al hlghr_�

gby�b�jZkij_^_e_gb_�JAW�y\eyxlky�\Z`gufb�djbl_jb�

yfb� ^_ie_lbjh\Zgghklb� mevljZ[Zablh\� >�@� k� mq_lhf�

bahobfbq_kdh]h� oZjZdl_jZ� f_lZfhjnbafZ� >�3@�� Ij_�

^_evgh�gbadb_�agZq_gby�&DO/Al2O3 \�^mgblZo��khhl\_l�

kl\mxsb_�����±�����k\b^_l_evkl\mxl�h�kbevghc�bklh�

s_gghklb�ihjh^��Ih^h[gu_�gbadb_�agZq_gby�bf_xl�]b�

i_j[Zablu�hnbheblh\h]h�lbiZ�ahgu�=MJ�b�FbZkk-Dm�

ebdh\kdh]h�ihykZ�X`gh]h�MjZeZ�>�@�� 

Gbadb_� kh^_j`Zgby� j_^dha_f_evguo� we_f_glh\�� \�

10±���jZa�gb`_�ohg^jblh\uo��lZd`_�mdZau\Z_l�gZ�kbev�

gmx� ^_ie_lbjh\Zgghklv� mevljZfZnblh\�� Ki_dlj� jZk�

ij_^_e_gby�JAW�jZkiheZ]Z_lky�\�h[eZklb�kbevgh�bklh�

s_gguo�fZglbcguo�i_jb^hlblh\�hkljh\guo�^m]�b�Zd�

lb\guo�dhglbg_glZevguo�hdjZbg�>�4@��jbk������<�hleb�

qb_�hl�wlbo�i_jb^hlblh\��bf_xsbo�8-h[jZaguc�ijh�

nbev��bamqZ_fu_�̂ mgblu�h[jZamxl�iheh]bc�ki_dlj�jZk�

ij_^_e_gby�JAW��oZjZdl_jguc�^ey�g_dhlhjuo�^mgblh\�

ba� ^mgbl-]Zjp[mj]blh\uo� dhfie_dkh\� fZkkb\h\� Ih�

eyjgh]h�MjZeZ�>�2, 13@��<hcdZjh-Kugvbgkdh]h�b�Kumf-

D_mkdh]h��BamqZ_fu_�ihjh^u�hlebqZxlky�hl�^mgblh\�

fZkkb\Z�DjZdZ�j_adh�ihgb`_gguf�dhebq_kl\hf�JAW�� 

Qlh[u�bkdexqblv�\ebygb_�gZeh`_gguo�ij_h[jZah�

\Zgbc�gZ�hp_gdm�kl_i_gb�qZklbqgh]h�ieZ\e_gby��)��ih�

jh^u�� ^ey� jZkq_lZ� wlh]h� iZjZf_ljZ� bkihevah\Zgh� kh�

^_j`Zgb_�]ebgha_fZ�\�^mgbl_�>�1@��JZkkqblZggu_ agZ�

q_gby�)�khhl\_lkl\mxl���±�����dhlhju_��kdhj__�\k_]h��

oZjZdl_jbamxl�kl_i_gv�ieZ\e_gby�]Zjp[mj]blZ�ijb�h[�

jZah\Zgbb�^mgblZ� 

Ojhfribg_eb^u�dZd�bg^bdZlhju�]_h^bgZfbq_kdbo�

h[klZgh\hd� :dp_kkhjgu_�ojhfribg_eb^u�qZklh�bk�

ihevamxlky�\�dZq_kl\_�bg^bdZlhjh\�]_h^bgZfbq_kdbo�

h[klZgh\hd�nhjfbjh\Zgby�b�f_lZfhjnbq_kdbo�baf_g_�

gbc�ihjh^� >�2@��<�ojhfribg_eb^Zo�bamqZ_fuo�^mgb�

lh\�gZ[ex^Z_lky�m\_ebq_gb_�ojhfbklhklb��`_e_abklh�

klb� b� mf_gvr_gb_� ]ebgha_fZ� b� fZ]g_abZevghklb� hl�

p_gljZ�d�i_jbn_jbb�a_j_g��P_gljZevgu_�a_jgZ�fbg_jZ�

eh\� hl\_qZxl�� kdhj__� \k_]h�� g_f_lZfhjnbah\Zgguf�

jZaghklyf� ± i_j\bqgh-fZglbcguf� ojhfribg_eb^Zf��

Lj_g^��I) Al±Cr khklZ\h\�p_gljZevguo�qZkl_c�oZjZdl_�

jbam_l�kl_i_gv�^_ie_lbjh\Zgghklb�fZglbcgh]h�bklhq�

gbdZ� �jbk�� �Z���IhjnbjhdeZklh\u_� ^mgblu�� kh]eZkgh�

wlhfm�lj_g^m��gZb[he__�^_ie_lbjh\Zgu�ih�kjZ\g_gbx�

k�ijhlh]jZgmeyjgufb�jZagh\b^ghklyfb��?keb�kjZ\gb�

\Zlv� khklZ\u�p_gljZevguo�qZkl_c�ojhfribg_eb^h\�k�

khklZ\Zfb�wlbo�fbg_jZeh\�ba�fZglbcguo�mevljZfZnb�

lh\� jZaguo� ]_h^bgZfbq_kdbo� h[klZgh\hd� >�@�� lh� hgb�

gZb[he__� [ebadb� d� ojhfribg_eb^Zf� ihjh^� ]em[hdh�

\h^guo�`_eh[h\�b�qZklbqgh�KHO��jbk���Z��� 

GZ� ljhcghc� ^bZ]jZff_� �jbk�� �b�� lhqdb� khklZ\h\�

ojhfribg_eb^h\�ba�^mgblh\�D_fibjkZckdh]h�b�Dmeb�

dh\kdh]h�fZkkb\h\�h[jZamxl�rbjhdbc�jZa[jhk��Z�lhqdb�

khklZ\h\�ojhfribg_eb^h\�ba�^mgblh\�fZkkb\Z�DjZdZ�± 

dhfiZdlgh_�ihe_��Ijb�kjZ\g_gbb�khklZ\h\�bamqZ_fuo�

g_f_lZfhjnbah\Zgguo� ojhfribg_eb^h\� k� gbfb�

\b^gh��qlh�hgb�gZb[he__�[ebadb�d�fbg_jZeZf�ba�ihjh^�

D_fibjkZckdh]h�b�Dmebdh\kdh]h�fZkkb\h\�� 

B��K��QZsmobg ij_^iheZ]Z_l� >�@��qlh�^mgblu�ih^�

dhglbg_glZevgh]h�lbiZ�h[jZamxlky�aZ�kq_l�qZklbqgh]h�

ieZ\e_gby�ibjheblZ�fZglbb��ijb�wlhf�\_ebqbgZ�ojh�

fbklhklb�ojhfribg_eb^h\�ihkl_i_ggh�m\_ebqb\Z_lky�

hl� e_jpheblh\� ���±����� d� ]Zjp[mj]blZf� ���±����� b�
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^Ze__�d�^mgblZf��������>mgblu�hnbheblh\h]h�lbiZ�h[�

jZamxlky�aZ�kq_l�]Zjp[mj]blh\�\�j_amevlZl_�bo�j_Zdpbb�

k�ijhgbdZxsbfb�kgbam�jZkieZ\Zfb��<�wlhf�kemqZ_�^m�

gblu� gZke_^mxl� ijbagZdb� ]Zjp[mj]blh\�� GZ� jbk�� �c 

ijb\_^_gu�ihey�khklZ\h\�ojhfribg_eb^h\�ba�^mgbl-

]Zjp[mj]bl-e_jpheblh\hc� k_jbb� ih^dhglblg_lZevguo�

fZkkb\h\�X`gh]h�MjZeZ��]^_�hgb�q_ldh�ehdZebamxlky�

ih�lbiZf�ihjh^��Lhqdb�khklZ\h\�bamqZ_fuo�ojhfrib�

g_eb^h\�ihiZ^Zxl�\�ihey�]Zjp[mj]blh\�b�^mgblh\��ba�

q_]h�� kdhj__� \k_]h�� ke_^m_l�� qlh� bamqZ_fu_� ^mgblu�

knhjfbjh\Zebkv�ih�]Zjp[mj]blZf�� 

KjZ\gb\Zy�khklZ\u�bamqZ_fuo�ojhfribg_eb^h\�k�

khklZ\Zfb�wlh]h�fbg_jZeZ�ba�jZkiheh`_gguo�\hklhq�

g__� mevljZfZnblh\�fZkkb\h\�Kumf-D_m� b�OZjq_jmav�

\b^gh��jbk���d���qlh�gZ[ex^Z_lky�koh`_klv��dZd�i_j\bq�

guo�khklZ\h\��lZd�b�\lhjbqguo�± f_lZfhjnbah\Zgguo�

jZaghkl_c� 

Heb\bgu ba�ihjnbjhdeZklh\uo�^mgblh\�bf_xl�ih�

\ur_ggmx�̀ _e_abklhklv�ih�kjZ\g_gbx�k�heb\bgZfb�ba�

ijhlh]jZgmeyjguo� mevljZfZnblh\�� Ih� kh^_j`Zgbyf�

nZyeblh\h]h�dhfihg_glZ�b�gbd_ey��)D�± 6.5±����b�NiO 

± 0.3±�������hgb�[ebadb�d�heb\bgZf�ba�^mgblh\�^mgbl-

]jZp[mj]blh\h]h�dhfie_dkZ�Kumf-D_m��)D�± 6±�����b�

NiO ± 0.3±0.6 %) [23].  

 F_lZfhjnbaf�^mgblh\��KhklZ\u�kj_^gbo�b�djZ_�

\uo�ahg�ojhfribg_eb^h\�hl\_qZxl�\lhjbqguf�ij_h[�

jZah\Zgbyf�b�baf_gyxlky� \�gZijZ\e_gbb�m\_ebq_gby�

ojhfbklhklb�b�`_e_abklhklb��lj_g^u�II b�III���qlh�k\y�

aZgh�k�ijhp_kkZfb�dhjh\h]h�f_lZfhjnbafZ��jbk���Z���<�

kj_^gbo�ahgZo�gZ[ex^Z_lky�kgb`_gb_�kh^_j`Zgbc�$O�b�

0J�� <ughk� wlbo� we_f_glh\� \� kbebdZlgu_� fbg_jZeu�

ijhbkoh^bl�ijb�kj_^g_- b�\ukhdhl_fi_jZlmjghf�f_lZ�

fhjnbaf_� >10@��IjbagZdZfb�wib]_g_lbq_kdbo�ijhp_k�

kh\� y\eyxlky� lZd`_� h[h]Zs_gb_� ojhfribg_eb^h\� \�

kj_^gbo�ahgZo�pbgdhf��Z�\�djZ_\uo�qZklyo� ± gbd_e_f�

>��@��IheZ]Zy��qlh�i_j_djbklZeebaZpby�heb\bgZ�b�h[jZ�

ah\Zgb_�kj_^gbo�ahg�ojhfribg_eb^h\�\�ihjnbjhdeZ�

klh\uo�^mgblZo�ijhbkoh^beb�h^gh\j_f_ggh�\�dhj_��lh�

fh`gh�bkihevah\Zlv�heb\bg-ojhfribg_e_\uc�]_hl_j�

fhf_lj�NZ[jb�>��@��dZd�kZfuc�gZ^_`guc�b�mgb\_jkZev�

guc�>��@�^ey�jZkq_lZ�J-L�mkeh\bc�f_lZfhjnbafZ��JZk�

q_lgZy� l_fi_jZlmjZ� i_j_djbklZeebaZpbb� ^mgblh\� kh�

klZ\beZ����±����K��K�wlbfb�j_amevlZlZfb�ohjhrh�dhj�

j_ebjmxlky�agZq_gby�l_fi_jZlmj�± 520±����K��jZkkqb�

lZggu_�ih�ribg_e_\hfm�]_hl_jfhf_ljm��hkgh\Zgghfm�

gZ�kh^_j`Zgbb�pbgdZ�\�ojhfribg_eb^Zo�>��@��M\_eb�

q_gb_� kl_i_gb� f_lZfhjnbafZ� ijb\h^bl� d� \ughkm�

ojhfZ�b�gZdhie_gbx�`_e_aZ��<�j_amevlZl_�\lhjbqguo�

ijhp_kkh\�\�^mgblZo�nhjfbjmxlky�jm^gu_�fbg_jZeu�± 

rZg^bl��Z\Zjmbl��obae_\m^bl��Zmjbdmijb^�b�^j�� 

 

AZdexq_gb_ 

I_ljh]jZnbq_kdb_�� ]_hobfbq_kdb_� b� fbg_jZeh]b�

q_kdb_� bkke_^h\Zgby� ^mgblh\� ba� ^mgbl-]Zjp[mj]blh�

\h]h�fZkkb\Z�ahgu�=MJ�Iheyjgh]h�MjZeZ�ihdZaZeb��qlh�

hgb�ij_^klZ\eyxl�kh[hc�fZglbcgu_�ihjh^u�k�ijbagZ�

dZfb�^_nhjfZpbhgguo�kljmdlmj��ijhlh]jZgmeyjghc�b�

ihjnbjhdeZklh\hc��Ih�jZkij_^_e_gbx�JAW�b�Ca-Al hl�

ghr_gbx� \� ihjh^Zo�� khklZ\Zf� ojhfribg_eb^h\� b�

heb\bgh\�� hgb� hlebqZxlky� hl� ih^dhglbg_glZevguo�

jbnlh]_gguo�]bi_j[Zablh\�b�hlh`^_kl\eyxlky�k�^mgb�

lZfb� ba� djmiguo� fZglbcguo� dhfie_dkh\� hnbheblh�

\h]h�lbiZ�X`gh]h�b�Iheyjgh]h�MjZeZ��Kms_kl\_ggu_�

\ZjbZpbb� khklZ\h\�i_j\bqgh-fZglbcguo� ojhfribg_�

eb^h\��kdhj__�\k_]h��mdZau\Z_l�gZ�lh��qlh�^mgblu�knhj�

fbjh\Zebkv�ih�]Zjp[mj]blZf�b�mgZke_^h\Zeb�bo�ijb�

agZdb��KbevgZy�bklhs_gghklv�^mgblh\ JAW�b�\ukhdZy�

ojhfbklhklv� ojhfribg_eb^h\� fh]ml� k\b^_l_evkl\h�

\Zlv�h�gZ^km[^mdpbhgghc�ijbjh^_�ihjh^��F_lZfhjnb�

q_kdb_� ij_h[jZah\Zgby�� \uy\e_ggu_� ih� ahgZevghklb�

ojhfribg_eb^h\� b� kljmdlmj_� heb\bgZ�� ijhbkoh^beb�

ijb�l_fi_jZlmjZo����±�����K�� 

Ihemq_ggu_�j_amevlZlu�̂ Zxl�\hafh`ghklv�ij_^ih�

eh`blv�debih\mx�ijbjh^m�f_edbo�^mgbl-]Zjp[mj]blh�

\uo�l_e�ahgu�=MJ�Iheyjgh]h�MjZeZ�� 
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