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<\_^_gb_ 

Om^heZah\kdbc ^bnn_j_gpbjh\Zgguc � dhfie_dk �
y\ey_lky�h^gbf �ba�bgl_j_kg_crbo �h[t_dlh\ �X`gh]h �
MjZeZ� \ � k\yab� kh� keh`ghklvx � _]h� ]_heh]bq_kdh]h�
kljh_gby �� i_ljh]_g_abkZ  b� ]_h^bgZfbq_kdhc� bgl_j �
ij_lZpbb  h[klZgh\db �fZ]fh]_g_jZpbb , Z�lZd`_ �gZeb�
qbx � kmevnb^gh-ieZlbghf_lZevgh]h � hjm^_g_gby� >1]. 
JZg__�hkh[_gghklb�i_ljh]_g_abkZ  b�hjm^_g_gby dhf �
ie_dkZ� gZb[he__� ^_lZevgh� bamqZebkv� > � G�� KZeboh�
\uf � >2, 3], U-Pb f_lh^hf � ih � pbjdhgm� b� [Z^^_e_blm�
hij_^_ezg �\hajZkl �_]h�nhjfbjh\Zgby �± ���í���� feg �
e_l�>�@��H^gZdh�g_�[ueZ �ij_^eh`_gZ �fh^_ev ��m^h\e_�
l\hjbl_evgh � h[tykgyxsZy � i_ljh]jZnbq_kdh_  jZagh�
h[jZab_�b�jZaebqby�\gmlj_gg_]h �kljh_gby �hl^_evguo�
fZkkb\h\ ��g_�j_r_gu  \hijhku �bklhqgbdZ�jh^hgZqZev�
gh]h�jZkieZ\Z �b�p_euc�jy^ �[he__�qZklguo�ijh[e_f . 

Hkh[_gghklvx �om^heZah\kdh]h dhfie_dkZ��\ �hleb�
qb_� hl � ^jm]bo� ba\_klguo� mevljZ[Zabl-[Zablh\uo �
kmevnb^hghkguo� dhfie_dkh\ �� y\ey_lky� lh �� qlh � hg�
ij_^klZ\e_g  g_� djmiguf  jZkkeh_gguf  fZkkb\hf �� Z 
fgh`_kl\hf  bgljmab\guo � l_e�� khhl\_lkl\mxsbo �hl �
^_evguf �©jZkkeh_gguf �]hjbahglZf ª�  < _]h�kljh_gbb �
[ueh  \u^_e_gh ljb  lbiZ �bgljmab\guo �l_e�� ��� f_edb_�
rlhdb �mevljZhkgh\guo�ihjh^ �h^ghjh^gh]h �kljh_gby ��
��� hlghkbl_evgh� djmigu_ � ohgheblu� ^bnn_j_gpbjh �
\Zggh]h�khklZ\Z�g_h^ghjh^gh]h�kljh_gby �� ��� g_[hev�
rb_ �ohgheblu�i_j_oh^gh]h �khklZ\Z�hl �hkgh\guo�ih �
jh^  d� kj_^gbf � hlghkbl_evgh� h^ghjh^gh]h � kljh_gby ��
Rlhdb � jZkiheh`_gu � \ �aZiZ^ghc�qZklb� fmev^u��Hgb�
ij_^klZ\eyxl � kh[hc� i_j\mx � nZam� \g_^j_gby � gZbf_�
g__�^bnn_j_gpbjh\Zggh]h  jZkieZ\Z �[1], qlh  ^Zzl�\ha�
fh`ghklv � gZb[he__� h[hkgh\Zggh� hoZjZdl_jbah\Zlv �
ijbjh^m � b� ]_hobfbq_kdb_� hkh[_gghklb jh^hgZqZev�
ghc�fZ]fu . Kj_^b �rlhdh\ �om^heZah\kdh]h�dhfie_dkZ�
h^gbf � ba� gZb[he__� bamq_gguo� y\ey_lky� fZkkb\ �
LZreu -LZm [5]. DZd�b�\ �^jm]bo�bgljmabyo��_]h�ihjh^u �
f_lZkhfZlbabjh\Zgu ��qlh �\ujZ`Z_lky �� ij_`^_ �\k_]h��
\ �oehjblbaZpbb��k_ji_glbgbaZpbb�b�i_eblbaZpbb�ijb �
\ha^_ckl\bb � ]b^jhl_jfZevgh]h � nexb^Z � H^gZdh� \ �
gZklhys_c�klZlv_�wlhl�wlZi� jZkkfZljb\Z_lky � fZeh��Z 
^_eZ_lky�ihiuldZ �j_dhgkljmbjh\Zlv �bf_ggh �fZ]fZlb �
q_kdbc�wlZi�nhjfbjh\Zgby  bgljmabb. 

GZklhysZy klZlvy � knhdmkbjh\ZgZ� gZ� i_ljheh]h -
]_hobfbq_kdhc� oZjZdl_jbklbd_ � ihjh^ � fZkkb\Z� LZr -
eu-LZm�b�qbke_gghf�fh^_ebjh\Zgbb �iZjZf_ljh\ �djb �
klZeebaZpbb�jZkieZ\Z �^ey�hp_gdb�_]h�]_hobfbq_kdbo�
hkh[_gghkl_c�b�l_fi_jZlmju �ebd\b^mkZ��?z�p_ev�í� j_ �
dhgkljmdpby� i_ljh]_g_abkZ � fZ]fZlbq_kdbo � ihjh^ �
fZkkb\Z��dhlhjZy�\Z`gZ �lZd`_ �\ �k\yab�k�hldjulb_f � \ �
gzf � ebd\Zpbhggh-fZ]fZlbq_kdbo � kmevnb^guo� 1L-Cu 
jm^�>�@� 

DjZldZy �]_heh]bq_kdZy�b 
i_ljh]jZnbq_kdZy �oZjZdl_jbklbdZ  

FZkkb\ �LZreu -LZm� jZkiheh`_g � \ �aZiZ^ghf � [hjlm �
Om^heZah\kdhc�fmev^u�� jbk ��� Z���?]h �jZaf_ju �\ �ieZg_�
khklZ\eyxl � ���î���� f �� Q_j_a� g_]h� ijh[mj_gZ � _^bg�
kl\_ggZy� kd\Z`bgZ�� \ � j_amevlZl_� q_]h� fZ]fhih^\h^y �
sbc � dZgZe� g_� [ue � \uy\e_g �� =em[bgZ� aZe_]Zgby� ih �
^hr\u � g_� f_g__� ������ f �� Ih � bf_xsbfky � ]_heh]bq_�
kdbf � ^Zgguf � ij_^iheZ]Z_lky � dhjulhh[jZagZy � nhjfZ �
fZkkb\Z�\ �ihi_j_qghf �k_q_gbb��DhglZdlu �bf_xl �iZ^_�
gb_�ih^ �m]ehf���±��ƒ�� Ij_^iheZ]Z_lky ��qlh �hg�ijh^he �
`Z_lky �gZ�]em[bgm�\ �x]h -\hklhqghf �gZijZ\e_gbb ��<f_ �
sZxsbfb � ihjh^Zfb � y\eyxlky � lmnhi_kqZgbdb� [by]h �
^bgkdhc�k\blu ��D3f���<�wdahdhglZdlh\hc�ahg_�\f_sZx �
sb_ � ihjh^u � hjh]h\bdh\Zgu �� Ebgah\b^gu_� kmevnb�̂
gu_�jm^gu_�l_eZ�[ueb �\kdjulu �jy^hf �k�ih^hr\hc �bg�
ljmabb�� jbk ��� [ ��  

 
F_lh^u  bkke_^h\Zgbc 

Bamq_gb_ ijhajZqgh -ihebjh\Zgguo  rebnh\  \u �
ihegyehkv gZ iheyjbaZpbhgghf  fbdjhkdhi_  Axioskop 
40 A, Z lZd`_  kdZgbjmxs_f  we_dljhgghf  fbdjhkdhi_  
Tescan Mira 3. KhklZ\u  fbg_jZeh\ � hij_^_eyebkv� ijb �
ihfhsb �W>K�ijbklZ\db  (Oxford Instruments��k�bkihev�
ah\Zgb_f ijh]jZffgh]h �dhfie_dkZ� INCA Energy. Ba�
f_j_gby �ijhba\h^bebkv �ijb �mkdhjyxs_f �gZijy`_gbb  
��� d<�� lhd_� ��� g: �� \j_f_gb �gZdhie_gby�ki_dljZ � ��� k. 
Ij_^_e � h[gZjm`_gby� [hevrbgkl\Z � we_f_glh\ � hdheh�
0.1±���� fZk ����  

Obfbq_kdbc�khklZ\�ihjh^ �hij_^_eyeky�k�ihfhsvx �
j_gl]_ghnemhj_kp_glgh]h � ZgZebaZ� �JN: �� � ^ey� i_ljh �
]_gguo� we_f_glh\ �  b fZkk-ki_dljhf_ljbb � k� bg^md�
lb\gh �k\yaZgghc�ieZafhc ��BKI  FK ��� fbdjhwe_f_glu ��  
JN: � ijh\h^beky � gZ� ki_dljhf_lj_ � Carl Zeiss VRA-30 
�B=�MNBP�J:G ��MnZ�� k�bkihevah\Zgb_f� \hevnjZfh �
\hc �ljm[db �ijb �gZijy`_gbb �30±��� d<��kbe_�lhdZ���� f: � 
>ey� ihkljh_gby � dZeb[jh\hqguo � ]jZnbdh\ � [ueb � bk�
ihevah\Zgu� ]hkm^Zjkl\_ggu_� klZg^Zjlgu_ � h[jZapu �
fZ]fZlbq_kdbo �ihjh^ �k�Zll_klh\Zggufb �kh^_j`Zgbyfb �
we_f_glh\ � :gZeba�BKI �FK  \uihegyeky �ijb �ihfhsb �
fZkk-ki_dljhf_ljZ � Perkin Elmer ELAN 9000 (PDI �
©=_hZgZeblbdª��B==�MjH �J:G ��?dZl_jbg[mj] ��  Lbibq �
gu_�hi_jZpbhggu_ �mkeh\by� fZkk-ki_dljhf_ljZ �(/$1�
����� ijb �fmevlbwe_f_glghf �ZgZeba_�ijh[ �ke_^mxsb_��
fhsghklv � jZ^bhqZklhlgh]h �]_g_jZlhjZ �± ����� <l �� fZ �
l_jbZe �dhgmkh\�bgl_jn_ckZ �± ieZlbgZ�beb�gbd_ev��>ey�
ihkljh_gby �]jZ^mbjh\hqguo �aZ\bkbfhkl_c �ijbf_gyeb �
fmevlbwe_f_glgu_�klZg^Zjlgu_ �jZkl\hju � 

Baf_j_gby � bahlhigh]h � khklZ\Z� g_h^bfZ� b� dhgp_g�
ljZpbc  6P� b�1G�ijh\h^bebkv �gZ� � -dZgZevghf� l\_j^h �
nZaghf� fZkk-ki_dljhf_lj_ � )LQQLJDQ-MAT 262 (RPQ) 
�PDI �=B�DGP�J:G ��:iZlblu �� \ �klZlbq_kdhf  ^\moe_g�
lhqghf �j_`bf_ �k�bkihevah\Zgb_f�j_gb_\uo �b�lZglZeh�
\uo �e_gl��Hrb[dZ �\ �147Sm/1441G�hlghr_gbyo �khklZ\ey_l�
���� �� �� 1��± kj_^g__�agZq_gb_�ba� �  baf_j_gbc � \ � klZg�
^Zjl_ �%&5��Ih]j_rghklv �baf_j_gby �bahlhigh]h �khklZ\Z�
1G�\  bg^b\b^mZevghf�ZgZeba_�g_�ij_\urZeZ ����������
Bahlhiguc �khklZ\�6U  b�hij_^_e_gb_�kh^_j`Zgbc �5E  
b Sr  ijh\h^beb � gZ� fZkk-ki_dljhf_lj_   FB -1201-L  
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Jbk��� ��Ko_fZlbq_kdZy�]_heh]bq_kdZy�dZjlZ�Om�
^heZah\kdhc�fmev^u��Z��b�ieZg�h[gZ`_gby �fZk �
kb\Z�LZreu -LZm�k�]_heh]bq_kdbf�jZaj_ahf �q_�
j_a�ebgbx �I±I (b��ih �>�@��1±8 ± kljZlbnbpbjh\Zg �
gu_� \medZgh]_ggh-hkZ^hqgu_� hleh`_gby �� 1 ± 
bj_g^udkdhc�k\blu ��' 2ef1), 2 ± dZjZfZeulZrkdhc �
k\blu ��' 2ef2), 3 ± yjeudZih\kdhc  k\blu ��' 2ef2), 4 
± memlZmkdhc� k\blu � �' 2±3zv±f), 5 ± fmdZkh\kdhc�
k\blu ��' 3f), 6 ± [by]h^bgkdhc�k\blu ��D3f±fm), 7 ± 
gb`g_c � ih^k\blu � �' 3fm1±2�� �� \_jog_c � ih^k\blu �
(D3fm2±C1t1�� abeZbjkdhc� k\blu �� 8 ± [_jzah\kdhc �
k\blu ��&1t±v); 9±15 ± fZkkb\u �bgljmab\guo �dhf �
ie_dkh\ �dZj[hgZ��9 ± [ZkZ_\kdh]h��^he_jblu ���10 ± 
dbabevkdh]h�� ieZ]bh]jZgblu ���11±14 ± om^heZah\�
kdh]h��11 ± i_jb^hlblu �b�]Z[[jhi_jb^hlblu ��12 ± 
heb\bgh\u_ � ]Z[[jh ��13 ± [_aheb\bgh\u_� ]Z[[jh ��
14 ± ^bhjblu ��� 15 ± yijZdlbgkdh]h � � ieZ]bh]jZ �
gblu ��� ��í��  ± ihjh^u �fZkkb\Z�LZreu -LZm��17 ± 
]Z[[jh �k�j_^dhc �kmevnb^ghc�\djZie_gghklvx ��18 
± m[h]b_�Ni-jm^u��Ni ������ fZk ��%), 19 ± jy^h\u_  
Ni-jm^u �1L����í�� fZk . %), 20 ± ^Zcdb ^he_jblh\ . 
[Fig. 1. Schematic geological map of Khudolaz 
trough (a) and outcrop plan of Tashly-Tau massif 
with geological section across line I±I (b) after [5]: 
1±8 ± stratified voulcanogenic-sedimentary deposits: 
1 ± Irendyk Suite (D2ef1), 2 ± Karamalytash Suite 
(D2ef2), 3 ± Yarlykapovo Suite (D2ef2), 4 ± Ulutau 
Suite (D2±3zv±f), 5 ± Mukasovo Suite (D3f), 6 ± 
Biyagoda Suite (D3f±fm), 7 ± Lower SubSuite 
(D3fm1±2) / Upper SubSuite (D3fm2±C1t1) of Zilair 
Suite, 8 ± Beryozovskiy Suite (C1t±v); 9±15 ± massifs 
of Carboniferous intrusive complexes: 9 ± Basaevo 
(dolerites), 10 ± Kizil (plagiogranites), 11±14 ± Khu-
dolaz (11 ± peridotites and gabbroperidotites, 12 ± ol-
ivine gabbro, 13 ± oliviness gabbro, 14 ± diorites), 15 
± Yaprakty (plagiogranites); ��í��  ± rocks of 
Tashly-Tau massif: 17 ± rare sulfide impregnation 
gabbro, 18 ± poor Ni-ores (Ni < 0.3 wt. %), 19 ± or-
dinary Ni-RUHV��1L����í��ZW������20 ± dolerite dykes.] 

 
�PDI � =B� DGP� J:G �� :iZlblu �� \ � h^ghe_glhqghf � j_ �
`bf_ �gZ�lZglZeh\uo �e_glZo��Ih]j_rghklb �bahlhigh]h �
khklZ\Z� ���� � -c�^h\_jbl_evguc �bgl_j\Ze �� 87Sr/866U�g_�
ij_\urZxl �“�������� hij_^_e_gby�87Rb/866U�hlghr_gbc �
“������� Ijb �jZkqzl_�\_ebqbg�01G�7��b�0Sr�7�� bkihevah�
\Zgu �kh\j_f_ggu_ �agZq_gby�&+85� ih �>�@��143Nd/144Nd 
= 0.512630, 147Sm/144Nd  ����������85� ih �>�@��87Rb/86Sr = 
0.08199, 87Sr/86Sr = 0.704250). 

Qbke_ggh_�fh^_ebjh\Zgb_ �iZjZf_ljh\ �djbklZeebaZ�
pbb�bkoh^gh]h�jZkieZ\Z �ijh\h^behkv �\ �ijh]jZff_ �CO-
MAGMAT 3.73 � iheb[Zjbq_kdZy�©\h^gZyª� \_jkby � [9]. 
>ey�hp_gdb�khklZ\Z�b�l_fi_jZlmju �bkoh^gh]h�jZkieZ\Z �
[ue �ijbf_gzg �f_lh^ �]_hobfbq_kdhc�l_jfhf_ljbb �>10]. 

 
J_amevlZlu �bkke_^h\Zgbc 

FZkkb\ �LZreu -LZm keh`_g, [hevr_c �qZklvx , heb�
\bg -jh]h\hh[fZgdh\ufb � ]Z[[jh  c ihcdbehhnblh\hc �
kljmdlmjhc  (jbk ��� ). L_dklmjZ�ihjh^  fZkkb\gZy��gh�bgh�
]^Z�\klj_qZxlky �ijbagZdb �lZdkblh\hc �(rebjh\hc �� l_d�
klmju ��dh]^Z gZ[ex^Z_lky �l_g^_gpby�d�nhjfbjh\Zgbx �
azjgZfb � heb\bgZ� h[hkh[e_gguo� kdhie_gbc-kjhkldh\ , 
ohly�ba-aZ�f_lZkhfZlbq_kdbo �ij_h[jZah\Zgbc �bo qZklh�
g_�m^Zzlky�h[gZjm`blv � 

Jh]h\Zy� h[fZgdZ� y\ey_lky� kZfuf � jZkijhkljZgzg �
guf �fbg_jZehf �ihjh^ ��hdheh�4�� h[ ������ HgZ�h[jZam_l�
dk_ghfhjngu_ �azjgZ�± hcdhdjbklZeeu�jZaf_jhf �^h��±
5 ff ��Ih �khklZ\m�hl\_qZ_l  lblZgbklhfm  fZ]g_abh]Zklb�
g]kblm (TiO2 ^h��� fZk ����� (Mg/Fe2+)=0.86±0.98). 

IeZ]bhdeZa� (~ 35%) h[jZam_l� lZ[eblqZlu_ � djb �
klZeeu�^ebghc����±���� ff �b�ih �khklZ\m�khhl\_lkl\m_l  
eZ[jZ^hjm�$Q61,3±65,6Ab34,1±38,4Or0,3±0,5. 

Heb\bg (Fo78±73) ijbkmlkl\m_l � \ � dhebq_kl\_� hdheh�
20�� h[tzfZ � ihjh^ ��Hg� ij_^klZ\e_g �qZklh�hdjm]eufb �
beb�keZ[h�\ulygmlufb �ijbafZlbq_kdbfb �azjgZfb �jZa�
f_jhf  ^h��� ff . 

<lhjhkl_i_ggu_ � fbg_jZeu � ± debghibjhdk_g� �a� ��
h[ ������ neh]hibl �(~ 5���� Kj_^b �jm^guo�fbg_jZeh\ �jZk�
ijhkljZg_gu �kmevnb^u �hl ����± 0.5 ̂ h��± 7%)��ij_^klZ\ �
e_ggu_� kjhkldZfb � ibjjhlbgZ �� oZevdhibjblZ � b� i_gl �
eZg^blZ�� lZd`_ � \ �g_[hevrhf �dhebq_kl\_� \klj_qZxlky �
ribg_eb^u . 

 

=_hobfby 
Hlghkbl_evgZy� i_ljh]jZnbq_kdZy � h^ghjh^ghklv � fZk �
kb\Z�LZreu -LZm�g_�kh]eZkm_lky�k�\uy\e_ggufb �\ZjbZ �
pbyfb �obfbq_kdh]h�khklZ\Z� ihjh^ � K�h^ghc�klhjhgu ��
wlh��fh`gh � h[tykgblv   lZdkblh\hc � l_dklmjhc   ihjh^
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Jbk��� ��Fbdjhnhlh]jZnbb �ihjh^ �fZkkb\Z�LZreu -LZm��ijhoh^ysbc �k\_l ��� Z�� mqZklhd�]Z[[jh ��[h]Zluc �heb\bghf ��b�� mqZklhd�
]Z[[jh ��[h]Zluc �ieZ]bhdeZahf� Ijbf_qZgb_ ��hbl ± jh]h\Zy �h[fZgdZ��mgta ± baf_gzgguc�fZ]g_lbl ��ol ± heb\bg��pla ± baf_gzgguc�
ieZ]bhdeZa� 
[Fig. 2. Photomicrografs of Tashly-Tau massif rocks (transmitted light): a) olivine-rich gabbro fragment; b) plagioclase-rich gabbro 
fragment. Note: hbl ± hornblende, mgta ± altered magnetite, ol ± olivine, pla ± altered plagioclase.] 

 
\ �j_amevlZl_�q_]h�ijh[u �fh]eb �[ulv �hlh[jZgu �ba�[h �
e__�e_cdhdjZlh\uo �beb� f_eZghdjZlh\uo �mqZkldh\. K�
^jm]hc�klhjhgu , wlh, \_jhylgh , k\yaZgh�k�g_jZ\ghf_j �
gufb � f_lZkhfZlbq_kdbfb � ij_h[jZah\Zgbyfb � ihjh^ ��
Kh^_j`Zgby �MgO b�FeOt \Zjvbjmxl � \ � ij_^_eZo � ���±
����� b�����±����� fZk ���� khhl\_lkl\_ggh ��6L22 = 40.5±
����� fZk ����� lZ[e ������ >ey�]Z[[jhb^h\ �oZjZdl_jgu �^h�
\hevgh� mf_j_ggu_� \ZjbZpbb� Mg# 
����î MgO/(MgO+FeOt+Mn)) = 42±���� Hgb�gbadh]eb�
ghazfbklu_ �k�rbjhdbfb �\ZjbZpbyfb �agZq_gbc�dhwn�
nbpb_glZ� ]ebghazfbklhklb � al¶ (Al2O3/(FeO+Fe2O3+ 

MgO)) ± 0.28±0.���� \ �kj_^g_f �khklZ\ey_l�0.44. Ih �kh�
^_j`Zgbx �TiO2 (0.4±0.�� fZk ����� ]Z[[jhb^u �deZkkbnb�
pbjmxlky �dZd�gbadhlblZgbklu_. Ijb �wlhf �hgb�bf_xl �
klZ[bevgh�ih\ur_ggu_ �kh^_j`Zgby �P2O5 (~ 0.��� fZk ��
%). Hgb�hl\_qZxl � jy^m�ghjfZevghs_ehqguo  mevljZ�
[Zabl -[Zablh\  k� dZebc-gZljh\uf � lbihf � szehqghklb �
(Na/K ~ 3.9). Kh^_j`Zgb_ �6L22 \ �gbo�khklZ\ey_l��� .5±
45.�� fZk ��� . Ih �khhlghr_gbx �FeOt/MgO b�6L22 ]Z[[jh �
b^u � oZjZdl_jbamxlky� ijhf_`mlhqguf � iheh`_gb_f �
f_`^m � ba\_kldh\h-s_ehqghc b� lhe_blh\hc  k_jbyfb ��
qlh �lbibqgh �^ey�\k_]h �om^heZah\kdh]h�dhfie_dkZ�>1].

 
LZ[e . 1��Obfbq_kdbc�khklZ\�ihjh^ �fZkkb\Z�LZreu -LZm��i_ljh]_ggu_ �hdkb^u�\  fZk ��%, j_^db_ we_f_glu ± \  ] /l ) 

[Table 1. Chemical composition of Tashly-Tau massif rocks (oxides in wt. %, trace elements in ppm)] 

We_f_gl 
[Element] 

‹ �ijh[u   
[Sample number] 

3750s 3750t 3759 3775 3777 3780 3783 D18-94 D18-95 D18-114 
1 2 3 4 5 6 7 8 9 10 11 

SiO2 48.75 40.95 42.09 42.12 40.48 45.47 41.88 41.47 43.42 45.75 
TiO2 0.51 0.42 0.43 0.59 0.48 0.72 0.57 0.40 0.54 0.61 
Al 2O3 15.50 12.43 14.50 10.51 11.58 13.91 12.19 9.59 14.51 14.50 
)HHt 4.67 15.24 13.60 17.39 18.24 13.02 14.55 13.90 11.25 14.60 
MnO 0.12 0.23 0.18 0.29 0.24 0.20 0.19 0.19 0.16 0.29 
MgO 11.58 15.29 13.43 15.30 13.54 9.92 16.71 20.16 15.36 12.15 
CaO 14.03 7.68 8.21 6.76 6.98 8.40 8.11 6.75 6.77 4.71 
Na2O 0.50 1.35 2.25 1.02 1.40 2.79 0.50 1.05 1.60 1.35 
K2O 0.07 0.17 0.19 0.09 0.15 0.37 0.30 0.48 1.73 0.74 
P2O5 0.35 0.28 0.39 0.25 0.38 0.23 0.45 0.30 0.30 0.38 

S 0.02 0.74 0.44 0.47 1.22 0.27 0.13 0.05 0.01 0.01 
III  3.33 4.83 3.48 4.60 4.84 3.69 3.83 5.39 4.42 5.07 

KmffZ  
[Total] 99.51 99.68 99.23 99.37 99.64 99.00 99.48 99.79 100.11 100.22 

Li 13 16 18 25  11 16 20  22 
Be 0.21 0.22 0.5 0.28  0.31 0.5 0.2  0.44 
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Ijh^he`_gb_ �LZ[e��1  
[Continued Table 1] 

1 2 3 4 5 6 7 8 9 10 11 

Sc 31 8 13 15 25 16 20 8 23 19 
V 100 60 80 90 71 90 120 40 82 80 
Cr 340 250 280 490 642 250 470 290 228 270 
Co 19 66 73 80 108 42 70 57 69 52 
Ni 110 500 300 600 924 250 400 280 209 1700 
Cu 18.4 600 250 460 2989 210 290 100 154 500 
Zn 21 88 50 60 133 50 90 30 78 50 
Ga 9 8 16 8  9 15 8  12 
Ge 0.9 0.7 1 1  0.8 1 0.9  1.5 
As 1.03 0.97 4.1 2.7  6.6 2.4 0.3  24.5 
Se 0.43 0.99 0.51 1.08  0.61 0.44 0.2  0.34 
Rb 2 7 5 3 19 8 9 15 40 19 
Sr 700 300 400 130 190 300 300 400 362 270 
Y 10 6 9 13  12 11 5  13 
Zr 41 29.5 48 73 67 59 50 29 81 61 
Nb 1.4 1.6 1.9 2.4  2 1.8 1.6  3 
Mo 0.22 1 0.22 0.6  0.4 0.32 0.22  0.21 
Ag 0.036 0.29 0.103 5.2  0.129 0.124 0.135  0.106 
Cd 0.04 0.4 0.07 0.18  0.12 0.13 0.05  0.16 
Sn 0.51 10 0.42 0.6  0.7 0.47 0.32  0.6 
Sb 0.25 0.18 0.05 0.1  0.08 0.06 0.04  0.3 
Te 0.023 0.029 0.018 0.064  0.063 0.033 0.013  0.06 
Cs 0.8 2.6 0.6 0.5  0.6 0.41 12  0.8 
Ba 22 26 50 23 28 60 40 40 185 100 
La 4 3.1 4 6  5 4 2.7  5 
Ce 9 7 9 13  12 9 6  13 
Pr 1.3 1 1.2 1.8  1.7 1.2 0.8  1.7 
Nd 6 4.4 5 8  7 5 3.5  8 
Sm 1.5 1 1.2 1.9  1.8 1.4 0.8  2 
Eu 0.6 0.41 0.46 0.6  0.6 0.5 0.35  0.7 
Gd 1.8 1.1 1.4 2.1  2.1 1.7 0.94  2.5 
Tb 0.27 0.17 0.21 0.3  0.3 0.26 0.14  0.4 
Dy 1.7 1.1 1.3 2  2 1.7 0.9  2.4 
Ho 0.35 0.22 0.27 0.4  0.4 0.36 0.18  0.5 
Er 1 0.7 0.8 1.2  1.2 1 0.5  1.5 
Tm 0.13 0.09 0.12 0.16  0.16 0.15 0.08  0.21 
Yb 0.8 0.6 0.7 1.1  1 1 0.5  1.3 
Lu 0.12 0.09 0.12 0.16  0.16 0.15 0.08  0.21 
Hf 1 0.7 1.1 1.2  1.1 1.1 0.61  1.4 
Ta 0.1 0.09 < 0.12  0.12 < 0.12  0.21 
W 0.23 0.4 < 0.24  0.15 < 0.04  0.21 
Tl 0.007 0.05 0.019 0.013  0.025 0.026 0.07  0.07 
Pb 2 13 2.3 1.4 10 4 4 1.7 19 7 
Bi 0.015 0.037 0.035 0.086  0.069 0.081 0.031  0.093 
Th 0.4 0.3 0.9 0.7  0.8 0.8 0.4  1.4 
U 0.14 0.1 0.3 0.21  0.24 0.22 0.12  0.47 

Ijbf_qZgb_ � ����� b�K18-95 ± ̂ Zggu_�fbdjhwe_f_glh\ �ih �JN: ��hklZevgu_�± BKI �FK ������ s ± dZevpbl-ihe_\hriZl -oehjblh\Zy �
f_lZkhfZlbq_kdZy�`beZ��hklZevgu_�± jZaebqgh�baf_gzggu_�]Z[[jhb^u ��< ± gb`_ �ij_^_eZ �h[gZjm`_gby. 
[Note: 3777 and K18-95 ± XPF data, others ± ICP MS; 3750s ± calcite-feldspar-chlorite metasomatic vein, others ± altered gabbroids; 
< ± below limit of detection.] 

 
GZ� [bgZjguo �^bZ]jZffZo �� ihkljh_gguo � \ � dhhj^b �

gZlZo�³MgO±hdkb^́ �� jbk ��� ) ohjhrh �\b^gu �aZ\bkbfh�
klb �dhgp_gljZpbc�jy^Z�i_ljh]_gguo �hdkb^h\�hl �kh^_j �
`Zgby� MgO, dhgljhebjm_fh]h � \ � ihjh^Zo � \ � hkgh\ghf �
heb\bghf ��LZd��\ � ih\_^_gbb �SiO2, TiO2, Al2O3 b�Na2O 
gZ[ex^Z_lky �^h\hevgh�hlqzleb\Zy �hljbpZl_evgZy�dhj �
j_eypby�k�MgO��Kh^_j`Zgby �wlbo�dhfihg_glh\ ��djhf_ �
TiO2�� dhgljhebjmxlky � ihe_\ufb � riZlZfb �� khhl\_l �

kl\_ggh � [he__� e_cdhdjZlh\u_ � jZagh\b^ghklb � h[h]Z�
s_gu �wlbfb �we_f_glZfb �b�h[_^g_gu�fZ]gb_f � HlqZklb �
kh^_j`Zgby �]ebghazfZ b hdkb^Z�gZljby , Z�lZd`_ �hdkb  ̂
lblZgZ, dhgljhebjmxlky �jh]h\hc �h[fZgdhc ��F_`^m �kh�
^_j`Zgbyfb �FeOt b�MgO hlkmlkl\m_l �dhjj_eypby , qlh �
lZd`_ �fh`_l �[ulv �k\yaZgh�k�f_lZkhfZlbaZpb_c. 

Fbdjhwe_f_glguc � khklZ\� ]Z[[jhb^h\  fZkkb\Z�
LZreu -LZm�oZjZdl_jbam_lky�hlghkbl_evgh�\ukhdbfb �

 



I_ljheh]by �b�]_hobfby�fZkkb\Z �LZreu -LZm��om^heZah\kdbc ^bnn_j_gpbjh\Zgguc �dhfie_dk ��X`guc �MjZe 

<_klgbd �<hjhg_`kdh]h �]hkm^Zjkl\_ggh]h �mgb\_jkbl_lZ ��K_jby��=_heh]by�������� ‹ �� , 44±57                             49 

Jbk��� ��;bgZjgu_ �^bZ]jZffu �\ �dhhj^bgZlZo�³MgO±hdkb^́ �^ey�ihjh^ �fZkkb\Z�LZreu -LZm��Ijbf_qZgb_ : r ± dhwnnbpb_gl dhj �
j_eypbb IbjkhgZ . 
[Fig. 3��%LQDU\�SORWV�LQ�³0J2±R[LGH´�VHULHV�IRU�7DVKO\-Tau massif rocks. Note: r ± Pearson correlation coefficient.] 

 

 
Jbk��� ��Fmevlbwe_f_glgu_�kiZc^_j -^bZ]jZffu �^ey�ihjh^ �fZkkb\Z�LZreu -LZm�ih �^Zgguf �lZ[e ����� Z ± ghjfbjh\Zgh �gZ�khklZ\�
ijbfblb\ghc �fZglbb �>��@��b ± ghjfbjh\Zgh �gZ�khklZ\�ohg^jblZ �>��@� 
[Fig. 4. Multi-element diagrams for Tashly-Tau massif rocks from Table 1 data: a ± normalized in primitive mantle composition, b ± 
normalized in chondrite composition [12].] 

 
dhgp_gljZpbyfb �djmighbhgguo�eblhnbevguo�we_f_g�
lh\ � �Cs, Rb, Sr, U, Th�� b�hlghkbl_evgh� ihgb`_ggufb �
kh^_j`Zgbyfb � lZdbo� \ukhdhaZjy^guo� we_f_glh\ �� dZd�
Nb, Ta, Zr, Hf, Sc, Y, REE. I_j\hc �]jmii_  ijbkmsb �agZ�
qbl_evgu_�dhebq_kl\_ggu_�\ZjbZpbb��h[mkeh\e_ggu_��
ih -\b^bfhfm �� f_lZkhfZlbq_kdbfb � ijhp_kkZfb � GZ�
kiZc^_j -^bZ]jZff_ � gZ[ex^Z_lky � j_adZy� iheh`bl_ev �
gZy� ZghfZeby� Sr b� ^hklZlhqgh� qzldbc� fbgbfmf � Nb 
(jbk ��� Z�. Ih\_^_gb_ �kljhgpby �^hklZlhqgh�ykgh�dhjj_ -

ebjm_l�k�]ebghazfbklhklvx �ihjh^  �dhwn��dhjj �� �� .54). 
Ki_dlju � jZkij_^_e_gby � j_^dha_f_evguo�we_f_glh\ � \ �
p_ehf �_^bghh[jZagu�� jbk ��� [ ���hlf_qZ_lky �bo�g_agZqb�
l_evgh_�njZdpbhgbjh\Zgb_��Lan/Ybn ~ 3.4). OZjZdl_jgh �
eb[h�hlkmlkl\b_ ��eb[h keZ[h_�iheh`bl_evgh_ �agZq_gb_ 
Eu-ZghfZebb (Eun/Eun*=1.23). 

<ZjbZpbb� dhgp_gljZpbc� jm^guo� we_f_glh\ � �Cu, 
Ni, Co) b TABS-we_f_glh\ ��Te, As, Bi, Sb, Se�� \ �ihjh �
^Zo�h[mkeh\e_gu�]eZ\guf �h[jZahf �jZkij_^_e_gb_f �\ �
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gbo�kmevnb^guo�fbg_jZeh\ . LZd�gZb[hevrb_ �dhgp_g�
ljZpbb � mdZaZgguo� we_f_glh\ � ijbmjhq_gu � d� jm^guf �
l_eZf  � ijh[u ������ b������� lZ[e ������ aZe_]Zxsbf �\ �̂ hg�
ghc� qZklb� fZkkb\Z�� JZg__� lZd`_ � [ueh  mklZgh\e_gh�
agZqbl_evgh_� \ebygb_ ]b^jhl_jfZevgh -f_lZkhfZlb �
q_kdbo�ijhp_kkh\ �gZ�i_j_jZkij_^_e_gb_ �wlbo�we_f_g�
lh\ �\ �fZkkb\_  [13]. 

 
Sm-Nd b�Rb-Sr bahlhigZy �kbkl_fZlbdZ  

Sm-Nd b�Rb-Sr bahlhigu_ �bkke_^h\Zgby� ijh\h^b �
ebkv� \ � 3 ihjhrdh\uo � ijh[Zo � fZkkb\Z� LZreu -LZm�� Z�
lZd`_ �\ ��� ijh[_ �ba�g_baf_gzgguo�\f_sZxsbo �i_kqZ�
gbdh\�[m]h^Zdkdhc�k\blu � >ey�jZkqzlZ�gZqZevguo�bah�
lhiguo �hlghr_gbc � [ueb � ijbgylu �agZq_gby�Z[khexl �
gh]h�\hajZklZ�fZkkb\Z�ih �̂ Zlbjh\d_ �khk_^gbo�bgljmabc�
om^heZah\kdh]h�dhfie_dkZ�í� ���� feg �e_l� [4@��<hajZkl �
hleh`_gby �lmnhi_kqZgbdh\�[m]h^Zdkdhc�k\blu ��knhj �
fbjh\Z\rboky �aZ�kqzl�jZajmr_gby �ba\_j`_ggh]h �fZl_ �
jbZeZ�njZgkdbo�\medZgbq_kdbo�ihkljh_d �>14@�b�y\eyx -

sboky� \f_sZxsbfb  ihjh^Zfb � fZkkb\Z� LZreu -LZm��
[ue �ijbgyl �dZd ���� feg �e_l� 

I_j\bqguc �bahlhiguc �khklZ\�g_h^bfZ oZjZdl_jb �
am_lky� \ukhdbf � agZq_gb_f� 0Nd(325) (+5.�«��� .3) 
(lZ[e �� � ). <ukhdhjZ^bh]_gguc � khklZ\� Nd k\b^_l_ev�
kl\m_l �h�x\_gbevghc � ijbjh^_ �^_ie_lbjh\Zgguo  fZg �
lbcguo � jZkieZ\h\ �� fZl_jbgkdbo � ^ey� fZkkb\Z�LZreu -
LZm. Bahlhiguc �khklZ\�Nd \f_sZxsbo �i_kqZgbdh\�hl �
ebqZ_lky�[he__�gbadbf�agZq_gb_f�0Nd(380) (+2.06)��\_�
jhylgh �hljZ`Zy �ki_pbnbdm�bahlhigh]h �khklZ\Z� ihjh^ �
bklhqgbdZ�kghkZ�± [m]h^Zdkdbo�[ZaZevlhb^h\. 

<_ebqbgu� i_j\bqguo � hlghr_gbc  bahlhih\  kljhg �
pby 87Sr/86Sr(T) \  �� ijh[Zo  \_kvfZ �h^ghjh^gu  � lZ[e ����  b 
oZjZdl_jbamxlky hdheh� gme_\ufb� beb� keZ[hiheh`b �
l_evgufb � agZq_gbyfb 0SrUR(325) (0« +3.72), hljZ`Zy �
[ebahklv�d�khklZ\m�fh^_evgh]h �j_a_j\mZjZ UR (uniform 
reservoir). GZijhlb\ ��\f_sZxsb_ �i_kqZgbdb�h[h]Zs_gu �
jZ^bh]_gguf � kljhgpb_f �� 0SrUR(380) = +30.92�� qlh�
\iheg_ �oZjZdl_jgh �^ey�l_jjb]_gguo  hkZ^hqguo ihjh^ � 

 
LZ[e . 2. Sm-Nd bahlhigu_ �^Zggu_�^ey�]Z[[jhb^h\ ���±��� fZkkb\Z�LZreu -LZm�b�\f_sZxsbo �i_kqZgbdh\����  

[Table 2. Sm-Nd isotopic data for Tashly-Tau massif gabbroids (1±3) and host sandstones (4)] 

‹  ‹ �ijh[u  
[Sample number] 6P�� ] �l  1G��] �l  147Sm/144Nd 143Nd/144Nd “� 1 0Nd(T) 

1 3775 2.10 8.53 0.14800 0.512846 0.000021 +6.20 

2 3780 2.82 11.50 0.14810 0.513055 0.000015 +10.28 

3 3780:  2.17 8.70 0.15012 0.512800 0.000020 +5.25 

4 K18-97 3.69 16.67 0.13390 0.512581 0.000009 +2.06 

 
LZ[e . 3. Rb-Sr bahlhigu_ �^Zggu_�^ey�]Z[[jhb^h\ �fZkkb\Z�LZreu -LZm�b�\f_sZxsbo �i_kqZgbdh\ 

[Table 3. Rb-Sr isotopic data for Tashly-Tau massif gabbroids and host sandstones] 

‹  ‹ �ijh[u  
[Sample number] Rb, ] /l  Sr, ] /l  87Rb/86Sr 87Sr/86Sr “� 1 87Sr/86Sr(T) 0Sr(T) 

1 3775 3.41 139.4 0.06904 0.70421 0.000210 0.70390 +0.28 

2 3780 10.01 339.7 0.08362 0.70452 0.000250 0.70410 +3.72 

3 3780:  11.35 400.4 0.08199 0.70425 0.000005 0.70387 0 

4 K18-97 13.71 356.59 0.10850 0.70660 0.00015 0.70598 +30.92 

 
Qbke_ggh_�fh^_ebjh\Zgb_ 

Ijbf_g_gb_ �dhfivxl_jguo �ijh]jZff �^ey�fh^_eb �
jh\Zgby � iZjZf_ljh\ � djbklZeebaZpbb� fZ]fZlbq_kdh]h �
jZkieZ\Z �� knhjfbjh\Z\r_]h � ihjh^u � fZkkb\Z� LZreu -
LZm��hkeh`g_gh�bo�bgl_gkb\ghc�f_lZkhfZlbq_kdhc �i_ �
j_jZ[hldhc . D�lhfm �`_ �jZkieZ\ � hq_\b^gh, [ue �\h^hgZ�
kus_gguf �� qlh � ih^l\_j`^Z_lky � rbjhdbf � jZa\blb_f �
jh]h\hc � h[fZgdb �� <� kms_kl\mxsbo � i_ljheh]bq_kdbo �
ijbeh`_gbyo -kbfmeylhjZo �gZijbf_j �� MELTS, CO-
MAGMAT, PETROLOG b� ^j ��� gZ[hj  djbklZeebamx�
sboky�fbg_jZevguo �nZa�g_�\dexqZ_l �]b^jhdkbekh^_j �
`Zsb_ � fbg_jZeu . Bkoh^y� ba� wlh]h�� Z� lZd`_  ba ij_^ �
klZ\e_gby�h�iha^g_fZ]fZlbq_kdhf �ijhbkoh`^_gbb �jh �
]h\hc �h[fZgdb  �a��� fZk ������ gZ�qlh �mdZau\Zxl�kljmd�
lmju �ihjh^ ��kl_i_gv �djbklZeebaZpbb�jZkieZ\Z �^ey�dZ` �
^hc�k_kkbb�h]jZgbqb\ZeZkv��� %. LZd`_�\ �hkgh\m�[ueh �
aZeh`_gh� ij_^klZ\e_gb_ � h�aZdjulhklb � fh^_ebjm_fhc �

kbkl_fu ��h�qzf �k\b^_l_evkl\m_l � \gmlj_gg__�kljh_gb_ �
fZkkb\Z�b�aZdhghf_jghklb�obfbq_kdh]h�khklZ\Z�ihjh �
^hh[jZamxsbo �fbg_jZeh\ ��IZjZf_lju �fh^_ebjh\Zgby �
\dexqZeb�� jZ\gh\_kgZy�djbklZeebaZpby��dbkehjh^guc �
[mn_j �QFM��̂ Z\e_gb_��� d[Zj ��kh^_j`Zgb_ �\h^u �� .�� fZk ��
��� Hp_gdZ� ^Z\e_gby� hkgh\u\ZeZkv� gZ� ]_heh]bq_kdbo�
ij_^klZ\e_gbyo � b� kl_i_gb � eblbnbdZpbb� \f_sZxsbo �
i_kqZgbdh\�� Kh^_j`Zgb_ � \h^u � h[mkeh\e_gh�� \h -i_j �
\uo � gZebqb_f� \ � ihjh^Zo � jh]h\hc �h[fZgdb  (~��� fZk ��
%), kh^_j`Zs_c �\ �k\hzf �obfbq_kdhf �khklZ\_�hdheh���
fZk ���� H2O��Z�lZd`_ �g_dhlhjufb �\h^hkh^_j`Zsbfb �Zd�
p_kkhjgufb �fbg_jZeZfb ��neh]hibl ��ZiZlbl ). Wlh�hij_ �
^_ey_l� fbgbfZevgh_ �dhebq_kl\h� \h^u � \ � jZkieZ\_  (• 1 
fZk ������ <h-\lhjuo ��kh]eZkgh�wdki_jbf_glZevguf �^Zg�
guf  [15, 16]�� djbklZeebaZpby� jh]h\hc � h[fZgdb � ijb �
^Z\e_gbb��� d[Zj �\hafh`gZ  ebrv �ijb �kh^_j`Zgbb �\h^u �
\ �jZkieZ\_  g_�f_g__�3±3.5 fZk ����  Ih^[bjZy �iZjZf_lju �
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kbfmeypbb��^ey ihemq_gby �� fZk ���� \h^u �\ �hklZlhqghf �
jZkieZ\_ � ihke_� ��� �� djbklZeebaZpbb� g_h[oh^bfh  _z�
bkoh^gh_�kh^_j`Zgb_ �\ �� .�� fZk ����  

>ey� ihemq_gby� khklZ\Z� bkoh^gh]h� jZkieZ\Z � [ueb �
bkihevah\Zgu� fh^_evgu_� djb\u_ � djbklZeebaZpbb� ih �
khklZ\Zf ��� h[jZaph\ ��>\Z �ba�gbo�± ijh[u �heb\bg-jh]h �
\hh[fZgdh\uo �]Z[[jhb^h\  ± 3750t b������� Z�\ �dZq_kl\_�
lj_lv_]h � �LLF �� bkihevah\Zeky� kj_^gbc � khklZ\� ih � ���
ijh[Zf �� lZ[e ��4). <u[hj �wlbo�ijh[ �h[mkeh\e_g�ki_pb�
nbdhc f_lh^Z � ]_hobfbq_kdhc� l_jfhf_ljbb �� lj_[mx �
s_c  h[_ki_q_gby dhgljZklghklb  fh^_ebjm_fuo �khklZ�
\h\ �>10]. Ijh[Z � ih � kj_^gbf � khklZ\Zf � bkihevah\ZeZkv�

ba-aZ� g_jZ\ghf_jghc � f_lZkhfZlbq_kdhc � i_j_jZ[hldb �
ihjh^ � fZkkb\Z�� KhklZ\u � ihjh^ � [ueb � i_j_kqblZgu � gZ�
98.5�� aZ�\uq_lhf �III ��ihkdhevdm�dhebq_kl\h�III �\ �
ZgZebaZo� ij_\urZ_l � jZkqzlgh_� kh^_j`Zgb_ � \h^u �
(1.5 %). <_ebqbgZ�III �\ �ijh[Zo �h[mkeh\e_gZ�b�\ukh �
dbf �dhebq_kl\hf �\h^u �ba-aZ f_lZkhfZlbq_kdhc �oehjb�
lbaZpbb�� k_ji_glbgbaZpbb� b� i_eblbaZpbb�� b� ijbkml �
kl\b_f �e_lmqbo�(CO3

� ¤, F¤, CO2, N2). 
GZ�[bgZjguo �^bZ]jZffZo ��jbk ��� ) ihdZaZgu�djb\u_ �

djbklZeebaZpbb�jZkieZ\h\ �ijbjh^guo �b�fh^_evguo �kh�
klZ\h\ �� KhklZ\ � bkoh^gh]h� jZkieZ\Z �� kh]eZkgh� f_lh^m�
]_hobfbq_kdhc�l_jfhf_ljbb �>10@��hp_gb\Zeky�ih �lhqdZf � 

 
LZ[e . 4��KhklZ\u �ijh[ �b�fh^_evguo �jZkieZ\h\ ��bkihevah\Zgguo�\ �COMAGMAT-fh^_ebjh\Zgbb  

[Table 4. Composition of samples and model melts, used in COMAGMAT-simulation] 

‹  Sample SiO2 TiO2 Al 2O3 )HHt MnO MgO CaO Na2O K2O P2O5 H2O 
1 3750 t 42.53 0.43 12.91 15.82 0.24 15.88 7.98 1.40 0.18 0.29 1.5 
2 3759 43.29 0.45 14.91 13.99 0.19 13.81 8.45 2.31 0.19 0.40 1.5 
3 TTM 44.70 0.54 13.36 14.11 0.22 14.83 8.11 1.43 0.44 0.34 1.5 
4 C 45.47 0.71 17.48 14.16 0.20 7.38 10.62 2.07 0.28 0.46 1.5 
5 M 46.01 0.72 17.69 14.33 0.20 7.47 10.75 2.10 0.28 0.47 1.7 

Ijbf_qZgb_ � TTM ± kj_^gbc �khklZ\�ih ���� ijh[Zf �� lZ[e ������ K ± khklZ\�jZkieZ\Z ��ihemq_gguc�f_lh^hf �]_hobfbq_kdhc�l_jfh �
f_ljbb ��F  ± khklZ\�jZkieZ\Z ��kdhjj_dlbjh\Zgguc �ih �j_amevlZlZf�fh^_ebjh\Zgby . 
[Note: TTM ± average composition of 10 samples (from Table 1); C ± composition of melt, derived from simulation; M ± composition 
of melt, corrected according simulation.] 

 

 
Jbk��� ��Lj_g^u �djbklZeebaZpbb�ijbjh^guo  b�jZkkqblZgguo�khklZ\h\ � ihjh^ ��ba�lZ[e ��4) fZkkb\Z LZreu -LZm \  dhhj^bgZlZo 
³hdkb ±̂l_fi_jZlmjZ ´�  
[Fig. 5. Crystallization plots of natural and calculated compositions of Tashly-7DX�PDVVLI�URFNV��IURP�7DEOH����LQ�³R[LGHíWHPSHUDWXUH´�
pairs.] 
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i_j_k_q_gby� b� maeZf� k[eb`_gby � fh^_evguo � djb\uo ��
Hl �hkb�hj^bgZl �ihkljh_gu �ebgbb��i_j_k_dZxsb_ �maeu�
i_j_k_q_gby� b� nbdkbjmxsb_ � l_fi_jZlmjm � ebd\b^mkZ�
gZ�mjh\g_�����ƒ K��Hl �hkb�Z[kpbkk�d�lhqdZf �i_j_k_q_�
gby�beb�d�kj_^gbf �djb\uf  ihkljh_gu �ijh_dpbb �k�mdZ�
aZgb_f�kh^_j`Zgby �dZ`^h]h �we_f_glZ�� jbk ������ <�lZ[e ��
�� ihdZaZg�hp_gzgguc� lZdbf � h[jZahf � khklZ\� jZkieZ\Z �
(C��� <� ^Zevg_cr_f � wlhl� khklZ\� [ue � kfh^_ebjh\Zg ��
qlh[u �\hkijhba\_klb �dhebq_kl\_ggu_�oZjZdl_jbklbdb �
i_ljh]_gguo �hdkb^h\�\ � ihjh^_ �b \ �fbg_jZeZo��HdZaZ�
ehkv��qlh �^ey�ihemq_gby�gZqZevghc�l_fi_jZlmju �djb �
klZeebaZpbb� \ � ����ƒ K�kh^_j`Zgb_ � \h^u � \ � jZkkqblZg�
ghf � jZkieZ\_ �gm`gh� [ueh �m\_ebqblv�^h�agZq_gby� ����
fZk �� ��� <� j_amevlZl_� [ue � ihemq_g� fh^_evguc �khklZ\�
�F ���\ �p_ehf �hq_gv�[ebadbc�d�khklZ\m�C, hlebqZxsbcky �
ebrv � ih � dj_fg_dbkehlghklb � gZ� ���� fZk �� �� � lZ[e �� ����
Lj_g^ � djbklZeebaZpbb� fh^_evgh]h  khklZ\Z� �F �� gZg_�
kzg�gZ�[bgZjgu_ �^bZ]jZffu �� jbk �����  

 
H[km`^_gb_  j_amevlZlh\  

I_ljh]jZnbq_kdZy �ghf_gdeZlmjZ 
Ih � fbg_jZevghfm � khklZ\m� ]Z[[jhb^u � fZkkb\Z�

LZreu -LZm�^h\hevgh�g_h[uqgu . Ihjh^u �kh�klhev�\u �
khdbf � dhebq_kl\hf � jh]h\hc � h[fZgdb �� \_jhylgh ��
^he`gu � gZau\Zlvky� ]hjg[e_g^blZfb �� ohly� ghf_gdeZ�
lmjZ�[h]Zluo �]b^jhdkbekh^_j`Zsbfb �fbg_jZeZfb �ih �
jh^ �bf__l � jZaebqgu_�g_hij_^_ezgghklb �>17]�� <� fbj_ �
hlf_qZxlky �heb\bgh\u_ ��Zj`_bgblu ��^h����� heb\bgZ) 
b�ihe_\hriZlh\u_ ��bkkblu ��bgh]^Z�± bkblu ��̂ h���± 22% 
ieZ]bhdeZaZ�� jZagh\b^ghklb � ]hjg[e_g^blh\ �� \klj_qZ �
xsb_ky �hq_gv�j_^dh�>18, 19]. <�gZr_f �kemqZ_�p_e_kh�
h[jZagh�bkihevah\Zlv�gZbf_gh\Zgb_ ³heb\bgh\uc �ieZ�
]bh]hjg[e_g^bl ´�� h^gZdh, ijbf_g_gb_ � ^Zgghc� l_jfb �
gheh]bb d�bamqZ_fuf�ihjh^Zf �ihdZ�ijh[e_fZlbqgh �ba-
aZ� \ukhdhc� kl_i_gb � bo� \lhjbqguo � baf_g_gbc�� I_j �
\bqgh�fZ]fZlbq_kdh_ �ijhbkoh`^_gb_ �]hjg[e_g^blh\ �m�
g_dhlhjuo � bkke_^h\Zl_e_c� \uau\Z_l � khfg_gb_� >20]. 
FZ]fZlh]_ggh_ �ijhbkoh`^_gb_ �jh]h\hc �h[fZgdb �\ �fZk �
kb\_�LZreu -LZm�ih^l\_j`^Z_lky �_z�oZjZdl_jguf �khklZ�
\hf ��\aZbfhhlghr_gbyfb  k�heb\bghf �b�ieZ]bhdeZahf�\ �
fZehbaf_gzgguo�ihjh^Zo ��hlkmlkl\b_f �ijbagZdh\ �aZf_�
s_gby�_x �^jm]bo�fbg_jZeh\ ��Z�lZd`_ �aZf_s_gbyfb  kZ�
fhc � jh]h\hc �h[fZgdb �gbadhl_fi_jZlmjgufb �Zfnb[h �
eZfb��gZijbf_j ��Zdlbgheblhf ��b�oehjblhf � 

 
I_ljh]_g_abk �b�qbke_ggh_�fh^_ebjh\Zgb_ 

FZkkb\ � LZreu -LZm�� kh]eZkgh� i_ljh]_g_lbq_kdhc �
fh^_eb �h[jZah\Zgby�om^heZah\kdh]h�dhfie_dkZ�>1, 5], 
hl\_qZ_l � i_j\hc � nZa_� \g_^j_gby � fZ]fu � ba� _^bghc�
djmighc � fZ]fZlbq_kdhc �dZf_ju ��w\hexpbhgbjmxs_c �
\h �\j_f_gb ��Khhl\_lkl\_ggh �^Zgguc�fZkkb\ ��dZd�b�\ky �
k_jby�h^ghlbiguo �rlhdh\ ��nhjfbjh\Zeky �ba�gZbf_g__�
njZdpbhgbjh\Zgguo � ihjpbc  jZkieZ\Z � Wlb� \u\h^u �
ih^l\_j`^Zxlky  j_amevlZlZfb� fh^_ebjh\Zgby � \ � ijh �
]jZff_ �COMAGMAT ����� b�bf_xsbfbky �]_heh]h-]_h�
nbabq_kdbfb�^Zggufb �>1]. 

<gmlj_gg__�kljh_gb_�fZkkb\Z�LZreu -LZm�oZjZdl_�
jbam_lky� hlghkbl_evghc� h^ghjh^ghklvx �� ijb � wlhf � \ �
obfbq_kdhf �khklZ\_�hlf_qZxlky �\ZjbZpbb�jy^Z i_ljh -

]_gguo�we_f_glh\ ��k\yaZggu_�k�g_h^ghjh^ghc��rebjh �
lZdkblh\hc �� l_dklmjhc� ihjh^ � b� bo� f_lZkhfZlbq_kdhc �
i_j_jZ[hldhc � JZaebqby�kj_^g_]h�khklZ\Z�ihjh^ �k�fh �
^_evguf � jZkieZ\hf � � lZ[e �� ��� k\yaZgu� k� gZebqb_f� \ �
fZ]f_ �n_ghdjbklh\ �heb\bgZ��gZoh^ysboky�\ � jZ\gh\_ �
kbb�k�jZkieZ\hf ��Wlh�ih^l\_j`^Z_lky �ijbkmlkl\b_f  az�
j_g �heb\bgZ \ �ijbdhglZdlh\uo �ihjh^Zo � Lh�_klv�\ �fh �
f_gl � \g_^j_gby � in situ fZ]fZ � khklhyeZ� ba� jZkieZ\Z � b�
l\zj^hc �nZau�± \djZie_ggbdh\ �heb\bgZ��b� \hafh`gh , 
ribg_eb ��� Ijb �wlhf �khklZ\�heb\bgZ�\h �\djZie_ggbdZo�
fh] � hlebqZlvky� hl � khklZ\Z� heb\bgZ�� dhlhjuc � fu �
gZ[ex^Z_f �\ �ihjh^Zo ��ihkdhevdm�wlhl�fbg_jZe �fh`_l �
i_j_mjZ\gh\_rb\Zlvky � aZ� kqzl� \aZbfh^_ckl\by � k� bg�
l_jdmfmemkhf�>21@��L_f �g_�f_g__��jmdh\h^kl\mykv�^Zg�
gufb � h� khklZ\_� heb\bgZ� �Fo��í�� ) fh`gh � jZkkqblZlv , 
qlh  ^ey�dhfi_gkZpbb�g_^hklZxs_c � jZagbpu� \ � kh^_j �
`Zgbyo�MgO f_`^m �fh^_evguf �jZkieZ\hf �b�kj_^gbf �
khklZ\hf �bamqZ_fuo�ihjh^ �gm`gh�hdheh�16±18 fZk ����
\djZie_ggbdh\ �heb\bgZ�\ �fZ]f_ � 

Kh]eZkgh� qbke_gghc� fh^_eb � djbklZeebaZpbb� kh�
klZ\Z� F � i_j\uf � gZ ebd\b^mk_� ijb � l_fi_jZlmj_ �
1148ƒK�ihy\ey_lky �ieZ]bhdeZa�An86��>Ze__�ijb �kgb`_ �
gbb�l_fi_jZlmju �gZ��ƒK�kbkl_fZ �^hklb]Z_l �lhqdb�w\�
l_dlbq_kdhc djbklZeebaZpbb heb\bgZ� �Fo75). Ijb �
����ƒ K� gZqbgZ_l� djbklZeebah\Zlvky� Z\]bl �
(En39.97Fs21.54Wo38.49). Ijb � kl_i_gb � djbklZeebaZpbb�
50% l_fi_jZlmjZ �jZkieZ\Z �kgb`Z_lky �^h�����ƒ K��dh�
ebq_kl\h� ieZ]bhdeZaZ� \ � wlhl � fhf_gl � khklZ\ey_l�
31 fZk � ��� heb\bgZ�± ����� Z\]blZ �± 5%. Kh^_j`Zgb_ �
H2O ^hklb]Z_l � � .��� fZk �� ��� qlh �m^h\e_l\hjy_l �mkeh�
\byf �klZ[bevghklb �jh]h\hc �h[fZgdb � ?keb�kbfmeylhj �
g_� hklZgZ\eb\Zlv� gZ� mjh\g_� ���� djbklZeebaZpbb�� \ �
kbkl_f_  ijh^he`Z_lky  f_^e_gguc � jhkl � kh^_j`Zgbc �
heb\bgZ�b�ieZ]bhdeZaZ�b�kms_kl\_gguc �jhkl �dhebq_�
kl\Z �Z\]blZ ��<�j_Zevghklb�\f_klh �ibjhdk_gZ�djbklZe �
ebam_lky�jh]h\Zy �h[fZgdZ��qlh �k\yaZgh�b�k�\h^hgZku�
s_gghklvx �jZkieZ\Z ��b�k�_]h�ih\ur_gghc �]ebghazfb�
klhklvx ��Kh^_j`Zgb_ �H2O \ �bamqZ_fhc�kbkl_f_  hij_ �
^_ey_lky�dZd�h[beb_f  jh]h\hc �h[fZgdb  �g_�f_g__�50 
fZk ���� , lZd�b ij_^_ehf  jZkl\hjbfhklb �\h^u  \ �fZ]f_ , 
hp_gb\Z_fuf �\ �ZexfhkbebdZlguo �jZkieZ\Zo �ijb �^Z\�
e_gbb� �  d[Zj � gZ� mjh\g_� �í�  fZk �� �� > 22í� 4]. LZd`_��
km^y� ih � fbg_jZevghfm � khklZ\m� ihjh^ �� ijbkmlkl\b_ �
ih\ur_ggh]h � dhebq_kl\Z� \h^u � h]jZgbqb\Z_l � djb �
klZeebaZpbx�Ti-hdkb^h\�b�\_kv�lblZg �\oh^bl �\ �kljmd�
lmjm�Zfnb[heZ � <�p_ehf �\hkijhba\h^bfu_ �\ �kbfmey�
lhj_ � fZkkh\u_ � ^heb� ieZ]bhdeZaZ� b� Z\]blZ � khhl\_l �
kl\mxl � gZ[ex^Z_fuf � ijbjh^guf �� gh� ^hey�heb\bgZ��
mqblu\Zy� \djZie_ggbdb �� \ur_ � j_Zevghc� \ � � .�� jZaZ� 
<hafh`gh ��ijbjh^guc �jZkieZ\ �bagZqZevgh�kh^_j`Ze �
dhebq_kl\h� \h^u � [hevr_ �� q_f � � .�� fZk �� ��  Ohly� kh�
klZ\u � fh^_evgh]h � b� ijbjh^gh]h � heb\bgZ� hq_gv�
[ebadb��GZijhlb\ ��\ �khklZ\Zo�ieZ]bhdeZah\�jZaebqby 
f_`^m � fh^_evghc� kbkl_fhc � b� ijbjh^ghc  kms_�
kl\_ggu �� fh^_evguc � ieZ]bhdeZa� �An86±68�� [h]Zq_�
Zghjlblh\uf �fbgZehf ��q_f �ijbjh^guc �� An66±61��� H^�
gZdh�wlh�fh`_l �[ulv �k\yaZgh k g_^hklZlhqghc�\u[hj �
dhc� ZgZebah\� ba-aZ� bgl_gkb\guo � f_lZkhfZlbq_kdbo �
aZf_s_gbc�hkgh\gh]h�ieZ]bhdeZaZ \ �ihjh^Zo . 
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Bklhqgbdb�fZ]fu  
Bahlhigh -]_hobfbq_kdb_� ^Zggu_�� \dexqZy Pb b� S 

[1@��k\b^_l_evkl\mxl �h�g_kms_kl\_gghc�jheb �dhjh\hc �
dhglZfbgZpbb jh^hgZqZevgh]h�jZkieZ\Z ��dZd�fbgbfmf �
\ �\_jog_dhjh\uo �mkeh\byo. LZd, gZ�^bZ]jZff_ �³0Sr(T)±
0Nd(T�´�� jbk ������ ihkljh_gghc �gZ \j_fy  nhjfbjh\Zgby �
om^heZah\kdh]h� dhfie_dkZ� ����� feg � e_l��� nb]mjZlb\ �
gu_� lhqdb� fZkkb\Z� LZreu -LZm� aZgbfZxl � h[eZklv��
gZb[he__� [ebadmx�d� fZglbcghc �dhfihg_gl_ � PREMA. 
;ebahklv � d� bklhqgbdm� PREMA ^_fhgkljbjm_l � b� bah�
lhiguc �khklZ\�k\bgpZ�>1]. H^gZdh�bamqZ_fu_�]Z[[jh �
b^u � oZjZdl_jbamxlky� [he__� \ukhdbf � hlghr_gb_f �
87Sr/86Sr, \ �p_ehf �hl\_qZy�ih �Sr-Nd bahlhighfm �khklZ\m�
\gmljbieblguf � hd_Zgbq_kdbf� [ZaZevlZf� k� \ukhdbf �
hlghr_gb_f �143Nd/144Nd. Om^heZah\kdbc�dhfie_dk �qZ�
klh khihklZ\eyeky�bkke_^h\Zl_eyfb�k�ghjbevkdbf �bg�
ljmab\guf � dhfie_dkhf � [eZ]h^Zjy � ki_pbZebaZpbb� gZ�
Ni-Cu kmevnb^gh_�hjm^_g_gb_�>1, 2@��Wlb�h[t_dlu �^_c�
kl\bl_evgh �hq_gv�koh`b �ih �fhjnheh]bb ��i_ljh]jZnbb  
b�\gmlj_gg_fm�kljh_gbx �l_e��Z�lZd`_ �ih �obfbq_kdhfm�
khklZ\m� jm^h\f_sZxsbo � ihjh^ ��h^gZdh�dZd�\b^gh �gZ 
^bZ]jZff_ � ³0Sr(T)±0Nd(T�´� bgljmabb� Ghjbevkdh]h�
jZchgZ��\dexqZy�b�ghjbevkdbc�dhfie_dk ��hlebqZxlky �\ �
agZqbl_evghc� f_j_ � dhglZfbgbjh\Zggufb � fZ]fZfb . 
Wlh�� gZjy^m�k� jZaebqb_f� \ � jZaf_jZo � l_e� \ � dhg_qghf�
blh]_ � fh]eh � klZlv � h^ghc� ba� hkgh\guo� ijbqbg � [he__�
gbadh]h� j_kmjkgh]h� ihl_gpbZeZ� om^heZah\kdh]h� dhf �
ie_dkZ�\ �kjZ\g_gbb�k�ghjbevkdbf  [25±27]. 

 

 
Jbk��� ��>bZ]jZffZ �0Sr(T)±0Nd(T��^ey�ihjh^ �fZkkb\Z�LZreu -
LZm� =eh[Zevgu_�fZglbcgu_ �bahlhigu_ �j_a_j\mZju ��DM ± bklh�
szggZy�fZglby ��EM I b�EM II ± h[h]Zszggu_ �bklhqgbdb��PREMA 
± ij_h[eZ^ZxsZy � fZglby �� OIB ± ihe_� [ZaZevlh\� hd_Zgbq_kdbo�
hkljh\h\ �� Ihey � OIB b� bgljmabc kb[bjkdbo � ljZiih\ � aZbfkl\h �
\Zgu �ba�>��@��khklZ\u �hklZevguo�dhfihg_gl �\aylu �ba�>������@� 
[Fig. 6. 0Sr(T)±0Nd(T) diagram for Tashly-Tau massif rocks. 
General mantle isotope reservoirs: DM ± depleted mantle, EM I and 
EM II ± enriched sources, PREMA ± prevalent mantle, OIB ± oceanic 
island basalts field. The OIB and Siberia intrusive trap fields taken 
from [28], other component compositions taken from [29, 30].] 
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k^_eZlv�ke_^mxsb_�\u\h^u � 

± fZkkb\ �LZreu -LZm�om^heZah\kdh]h�^bnn_j_gpb �
jh\Zggh]h �dhfie_dkZ�keh`_g�[h]Zlufb �i_j\bqghc �jh �
]h\hc �h[fZgdhc � �a� ��� fZk �� ��� heb\bgh\ufb � ]Z[[jhb �
^Zfb ��d�dhlhjuf �fh`gh �ijbf_gblv �l_jfbg �©heb\bgh�
\u_ �ieZ]bh]hjg[e_g^blu ª�  

± ihjh^u �oZjZdl_jbamxlky�ih\ur_ggufb ��gh�\Zjv �
bjmxsbfb �kh^_j`Zgbyfb �MgO b�FeOt��gbadhc�]ebgh�
azfbklhklvx ��Z�lZd`_ �ih\ur_ggufb �dhgp_gljZpbyfb �
djmighbhgguo�eblhnbevguo�we_f_glh\ ��Cs, Rb, Sr, Ba) 
b�ihgb`_ggufb �í� \ukhdhaZjy^guo�we_f_glh\ ��Nb, Ta, 
Zr, Hf, REE); 

± kh]eZkgh� f_lh^m� ]_hobfbq_kdhc� l_jfhf_ljbb � b�
qbke_gghfm�fh^_ebjh\Zgbx �iZjZf_ljh\ �djbklZeebaZ�
pbb� bkoh^gZy� fZ]fZ � khklhyeZ� ba� \h^hgZkus_ggh]h  
(~1.�� fZk �� �� H2O), mf_j_gghfZ]g_abZevgh]h�� \ukhdh�
]ebghazfbklh]h � b� \ukhdh`_e_abklh]h � [ZaZevlh\h]h�
jZkieZ\Z �b�~ 20 fZk � �� \djZie_ggbdh\ �heb\bgZ��Fo76); 
l_fi_jZlmjZ �ebd\b^mkZ�± 1148 ƒK� 

± Sr-Nd bahlhigu_ �^Zggu_�k\b^_l_evkl\mxl �h�gba�
dhc�jheb �dhjh\hc �dhglZfbgZpbb�jh^hgZqZevgh]h�jZk�
ieZ\Z �0Nd�L�� �����«������� 0SrUR�L�� ��«������ ; 

± \ � dZq_kl\_� bklhqgbdZ� jh^hgZqZevgh]h� jZkieZ\Z �
fh] �kem`blv fZglbcguc �j_a_j\mZj �lbiZ �35(0$�� x\_ �
gbevgZy�^_[_lbjh\ZggZy �fZglby � ; 

± hkh[_gghklb \gmlj_gg_]h �kljh_gby �b�we_f_glgh-
bahlhiguo � ]_hobfbq_kdbo k\hckl\  ihjh^ � fZkkb\Z�
LZreu -LZm� iha\heyxl � _]h� jZkkfZljb\Zlv � dZd� aZdju�
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