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<\_^_gb_ 

 =_heh]bq_kdh_� kljh_gb_� k_\_jh-\hklhqghc�qZ�

klb� EZieZg^kdh]h� ]jZgmeblh\h]h� dhfie_dkZ� �^Ze__�

E=D��^h\hevgh�ohjhrh�bamq_gh�[1±4]��Hjlhibjhdk_g- 

b� ]jZgZlkh^_j`Zsb_� lhgZeblu� b� ljhg^v_fblu E=D�

h[jZamxl� h[rbjgu_� ihey \� jZchg_� j��EhllZ� b�Eh\�

gZha_jZ�b�^Ze__�gZ�aZiZ^�d�k_\_jghc�Ghj\_]bb��Djmi�

gu_�bgljmabb� ]jZgZlkh^_j`Zsbo�qZjghdbl-wg^_j[b�

lh\�ba\_klgu�lZd`_�\�Dhe\bpZ-Mf[bgkdhf�[ehd_��dh�

lhjuc� y\ey_lky�x]h-\hklhqguf� ijh^he`_gb_f� E=D 

[5]��=jZgZlkh^_j`Zsb_� ]jZgblhb^u h[uqgh�ijbmjh�

q_gu�d�ahgZf�jZa\blby�dbkeuo�]jZgmeblh\�b�\ukhdh�

]ebgha_fbkluo� ihjh^� E=D �dhg^Zeblh\��� h[jZamy� k�

gbfb�eb[h�bgljmab\gu_�dhglZdlu��eb[h�ihkl_i_ggu_�

i_j_oh^u��Hkgh\u\Zykv� gZ� [ebahklb� obfbq_kdh]h� b�

fbg_jZevgh]h�khklZ\Z�]jZgZlh\uo�LL= b�\f_sZxsbo�

bo�dhg^Zeblh\, jy^�Z\lhjh\�jZkkfZljb\Z_l�i_j\u_�\�

dZq_kl\_� djmigha_jgbkluo� jZagh\b^ghkl_c� ihke_^�

gbo�[6]��H^gZdh�ih^Z\eyxs__�[hevrbgkl\h�bkke_^h�

\Zl_e_c� k\yau\Zxl� ijhbkoh`^_gb_� ]jZgZlkh^_j`Z�

sbo� ]jZgblhb^h\�E=D� k� ZgZl_dkbkhf� dhg^Zeblh\� b�

dbkeuo�]jZgmeblh\�gZ�ibd_�f_lZfhjnbafZ� [1±4]��GZ�

wlh�mdZau\Zxl�]_hobfbq_kdb_�hkh[_gghklb�ihjh^��g_�

kmsb_�ijbagZdb lbibqguo�]jZgblhb^h\�S-lbiZ�[4]��GZ�

fZ]fZlbq_kdmx�ijbjh^m�]jZgZlkh^_j`Zsbo�]jZgblh�

b^h\�E=D� mdZau\Zxl� gZoh^db� \� gbo� jZaghh[jZaguo�

dk_gheblh\�� ]jZgZl-[bhlblh\uo� ]g_ckh\�� ]bi_jkl_g 

��]jZgZl�-ieZ]bhdeZah\uo� �^bhjblh\uo�� b� ^\mib�

jhdk_g-ieZ]bhdeZah\uo� �ghjblh\uo�� ]Z[[jh-ghjblh�

\uo�� ihjh^� [1±4]�� Wlb� ihjh^u�� ih-\b^bfhfm�� y\ey�

xlky�ijh^mdlZfb�[he__�jZggbo�klZ^bc�f_lZfhjnbafZ�

\�E=D�\�mkeh\byo�\_joh\�Zfnb[heblh\hc�b�gbah\�]jZ�

gmeblh\hc� klmi_g_c� ����±����K� b� ���±���� d[Zj��� Z�

lZd`_�ijh^mdlZfb�djbklZeebaZpbb�]Z[[jh-ghjblh\uo

fZ]f�\�i_jbh^�\j_f_gb�����±�����fej^ e_l [4].  

U-Pb \hajZkl�djbklZeebaZpbb�pbjdhgZ a�����fej^ 

e_l�ba�]jZgZlkh^_j`Zsbo�]jZgblhb^h\�kh\iZ^Z_l�k�\ha�

jZklhf�ibdZ� ]jZgmeblh\h]h�f_lZfhjnbafZ�\�E=D� [3±

5]��qlh�mdZau\Z_l�gZ�kbgf_lZfhjnbq_kdh_�h[jZah\Zgb_�

]jZgblguo fZ]f�� L_jfh[Zjhf_ljbq_kdb_� ^Zggu_� ^ey�

]jZgZlkh^_j`Zsbo�]jZgblhb^h\�g_fgh]hqbke_ggu��GZ�

hkgh\_� ]jZgZl-[bhlblh\h]h� jZ\gh\_kby� ^ey� ]jZgZlkh�

^_j`Zsbo� ljhg^v_fblh\ jZchgZ� j�� EhllZ� [ueb� hp_�

g_gu� l_fi_jZlmju f_lZfhjnbafZ�� \Zjvbjmxsb_� hl�

����^h�����K�[2]��qlh��[_amkeh\gh��g_evay�kqblZlv�m^h�

\e_l\hjbl_evguf�j_amevlZlhf��<_jogbc�ij_^_e�wlh]h�

bgl_j\ZeZ� l_fi_jZlmj� khhl\_lkl\m_l� l_fi_jZlmjZf�

800±����K��jZkkqblZgguf�ih�kh^_j`Zgbx�Ti \�pbjdhg_ 

[4]��Wlb�l_fi_jZlmju�kh\iZ^Zxl�k�iZjZf_ljZfb�f_lZ�

fhjnbafZ��hp_g_ggufb�^ey�ihjh^�E=D�^ey�a�����fej^ 

e_l��Hgb�hljZ`Zxl�mkeh\by�qZklbqgh]h�ieZ\e_gby�dhg�

^Zeblh\�k�h[jZah\Zgb_f�]jZgblghc�fZ]fu�gZ�]em[bgZo�

20±���df�����±����d[Zj���Bkke_^h\Zgby�nexb^gh]h�j_�

`bfZ�djbklZeebaZpbb�]jZgZlkh^_j`Zsbo�]jZgblhb^h\�

E=D�ihdZ�g_�ijh\h^bebkv. 

GZ� hkgh\_� ihemq_gguo� jZg__� j_amevlZlh\ i_ljh�

eh]h-fbg_jZeh]bq_kdbo bkke_^h\Zgbc [7] dk_gheblh\�

]jZgZlkh^_j`Zsbo� ljhg^v_fblh\ p_gljZevghc� qZklb�

E=D��jbk�����ba�jZchgZ�j��EhllZ�gZfb�ijh\_^_gh�fh^_�

ebjh\Zgb_ bo�fbg_jZevguo�ZkkhpbZpbc�k�ihfhsvx�f_�

lh^Z�ik_\^hk_q_gbc��Fbg_jZevgu_�ZkkhpbZpbb�dk_gh�

eblh\��\_jhylgh��hljZ`Zxl�ijhp_kku�\aZbfh^_ckl\by�

hkgh\guo�ihjh^�k�]jZgblgufb�fZ]fZfb�b�hkh[_gghklb�

nexb^gh]h�j_`bfZ�djbklZeebaZpbb�wlbo�fZ]f��<uihe�

g_gu� jZkq_lu� J-L� iZjZf_ljh\� b� nexb^guo� mkeh\bc�

jZ\gh\_kbc� fbg_jZevguo� ZkkhpbZpbc� k� bkihevah\Z�

gb_f� ohjhrh� aZj_dhf_g^h\Z\rbo� k_[y� ijh]jZffguo�

dhfie_dkh\�*(23$7+��7:4��PERPLEX. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jbk�� �� Mijhs_ggZy� ko_fZlbq_kdZy�

]_heh]bq_kdZy� dZjlZ� EZieZg^kdh]h�

]jZgmeblh\h]h� ihykZ� k� f_klZfb� hl�

[hjZ� ijh[� �fh^bnbdZpby� dZjlu� ba�

[4]). 

[Fig. 1. Simplified schematic geological 

map of the Lapland Granulite Belt, with 

sampling sites (modified from [4]).] 

 

F_lh^u�bkke_^h\Zgbc 
KhklZ\u�fbg_jZeh\�hij_^_eyebkv�gZ we_dljhgghf�

fbdjhkdhi_�&DP6Fan MV2300 (VEGA TS 5130MM) k�

wg_j]h^bki_jkbhgguf�fbdjhZgZebaZlhjhf�/LQN INCA 

(QHUJ\��\�BWF�J:G. Nexb^gu_�\dexq_gby�\�f_lZfhj�

nbq_kdbo�ihjh^Zo�[ueb�bamq_gu�\�ieZklbgdZo�lhesb�

ghc����±����fdf�k�^\mklhjhgg_c�ihebjh\dhc�gZ�mklZ�

gh\d_� /LQNDP� k� jZ[hqbf� l_fi_jZlmjguf� bgl_j\Zehf�
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<_klgbd�<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��K_jby��=_heh]by���������������±51                             43 

hl�-����K�̂ h�����K��7+06*������b�Z\lhfZlbq_kdbf�j_�

`bfhf�gZ]j_\Zgby�b�hoeZ`^_gby�h[jZapZ�kh�kdhjhklvx�

hl�����^h�����fbg��KlZg^ZjlgZy�ZiiZjZlmjgZy�hrb[dZ�

baf_j_gbc�khhl\_lkl\h\ZeZ�������K��>ey�jZkq_lZ�iehl�

ghklb�b�fhevguo�h[t_fh\�nexb^guo� \dexq_gbc�bk�

ihevah\ZeZkv�ijh]jZffZ�)/8,'6�>8@��Bahohju�jZkkqb�

lu\Zebkv�ih�ijh]jZff_�>9]. <k_�ijb[hju�hkgZs_gu�eb�

p_gabhgguf�ijh]jZffguf�dhfie_dkZfb�� 

JZkq_lu�J-L�iZjZf_ljh\�b�nexb^gh]h j_`bfZ f_lZ�

fhjnbafZ ijh\_^_gu�k�bkihevah\Zgb_f�ohjhrh�aZj_dh�

f_g^h\Z\rbo� k_[y� ijh]jZffguo� dhfie_dkh\� *(2-

PATH, TWQ, PERPLEX, hkgh\Zgguo gZ�\aZbfhkh]eZkh�

\Zgguo�[ZaZo�l_jfh^bgZfbq_kdbo�^Zgguo�[10, 11]. 

 

J_amevlZlu�b�h[km`^_gb_ 

Fh^_ebjh\Zgb_�fbg_jZevguo�ZkkhpbZpbc�dk_gheb�

lh\�f_lh^hf�ik_\^hk_q_gbc�b�l_jfh[Zjhf_ljby 

I_ljheh]h-fbg_jZeh]bq_kdh_� bamq_gb_� hkgh\guo�

dk_gheblh\ \�ljhg^v_fblZo E=D�[ueh�ijh\_^_gh�gZfb�

jZg__ [7] \�h[jZapZo EG-����b�EG-�����jbk� 1). <aZbfh�

hlghr_gby�fbg_jZevguo�nZa \�dk_gheblZo�^_fhgkljb�

jmxl��qlh�h[jZah\Zgb_�Zfnb[heZ�\�gbo y\ey_lky�[he__�

iha^gbf�ijhp_kkhf�ih�hlghr_gbx�d�i_j\bqghc�Zkkh�

pbZpbb�2S[�&S[�3O�4W]�,OP�0W�b�[ueh�k\yaZgh��ih-

\b^bfhfm��k�ijblhdhf�nexb^h\, k\yaZgguo�k�ljhg^v_�

fblZfb��Ihwlhfm�gZ�i_j\hf�wlZi_�[ueh�ijh\_^_gh�fh�

^_ebjh\Zgb_�i_j\bqghc�ZkkhpbZpbb�\�kbkl_f_��g_�kh�

^_j`Zs_c� +22�b� Zfnb[he��JZkq_lu�ijh\h^bebkv�ih�

kj_^kl\hf�fbgbfbaZpbb�wg_j]bb�=b[[kZ�^ey�kbkl_fu�

Na2O±CaO±K2O±FeO±MgO±Al2O3±SiO2±H2O±TiO2±O2 

�1&.)0$6+72��k�aZ^Zgguf�\Zeh\uf�khklZ\hf�k�bk�

ihevah\Zgb_f� ijh]jZffgh]h� dhfie_dkZ� 3(53/(B;�

[12]��\_jkby�������^ey�:LQGRZV��k�bkihevah\Zgb_f�klZg�

^Zjlguo� l_jfh^bgZfbq_kdbo� k\hckl\� dhg_qguo� qe_�

gh\�l\_j^uo�jZkl\hjh\�ba�[Zau�^Zgguo�L��OheeZg^Z�b�

J��IZmweeZ��[11], nZce�KS��YHU�GDW��� 

:kkhpbZpbb�[_a�Zfnb[heZ. >ey�fh^_ebjh\Zgby�Zk�

khpbZpbb�2S[�&S[�3O�4W]�,OP�[ueb�ijbgylu�ke_^m�

xsb_�fh^_eb�kf_r_gby�l\_j^uo�jZkl\hjh\��j_dhf_g�

^h\Zggu_� \� 3(53/(B;�� 2S[�:�� ^ey� hjlhibjhdk_gZ��

kh^_j`Zs_]h� )H3+ [13]; Cpx(+3�� ^ey� debghibjhdk_gZ�

�fh^bnbpbjh\ZggZy� fh^_ev [10]��� fh^_ev� ©IHOGVSDUª�

^ey� ljhcgh]h� jZkl\hjZ� ihe_\h]h�riZlZ� [14]�� fh^_ev�

,OP�:3+��^ey� l\_j^h]h�jZkl\hjZ�bevf_gbl-]_cdbebl-

]_fZlbl [13, 15, 16]��0Q2�[ue�bkdexq_g�ba�jZkq_lh\��

ihkdhevdm�bkihevah\Zggu_�fh^_eb�l\_j^uo�jZkl\hjh\�

debghibjhdk_gZ�b�fhghdebggh]h�Zfnb[heZ��kf��gb`_��

g_�\dexqZxl�wlhl�dhfihg_gl. ?]h mqZklb_�fh`_l�\u�

a\Zlv�g_Z^_d\Zlgh_�jZkij_^_e_gb_�0Q�f_`^m� jZkq_l�

gufb khklZ\Zfb�fbg_jZeh\ b ihy\e_gb_�gh\uo�©ba[u�

lhqguoª�nZa� �gZijbf_j��0Q-]jZgZlZ�, l_f� kZfuf�ih�

\ebylv�gZ�^jm]b_�iZjZf_lju�khklZ\h\��gZijbf_j��fZ]�

g_abZevghklv� 

KhklZ\u� ^ey� fh^_ebjh\Zgby� jZkkqblu\Zebkv� ih�

kj_^kl\hf� ]jZnbq_kdh]h� ZgZebaZ�bah[jZ`_gbc� \� hljZ�

`_gguo�we_dljhgZo�b�ih^kq_lZ�h[t_fguo�khhlghr_gbc�

nZa�^ey�dhgdj_lguo�mqZkldh\�rebnh\��ij_^klZ\bl_ev�

guo�^ey�\u[jZgghc fbg_jZevghc�ZkkhpbZpbb��>ey�Zkkh�

pbZpbb� &S[�2S[�3O�4W]�,OP� \� h[jZap_�EG-���� [ueb�

\u[jZgu�^\Z�mqZkldZ� (jbk��2 Z, [, \� ])  kh  ke_^mxsbfb

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Jbk�� �� Bah[jZ`_gby� fbg_jZevguo�

iZjZ]_g_abkh\�]jZgmeblZ�E=D� �a, b ± 

h[j��EG-101_1; c, d ± h[j. EG-101_2). 

[Fig. 2. Images of mineral paragenesis of 

granulite from the Lapland Granulite 

Belt ((a, b) sample LN-101_1; (c, d) 

sample LN-101_2)).] 
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khklZ\Zfb (fZk. %): (1) SiO2 52.32, TiO2 3.93, Al2O3 

13.85, FeO 12.04, MgO 4.87, CaO 9.82, Na2O 2.66, K2O 

0.19 b (2) SiO2 53.24, TiO2 2.60, Al2O3 12.45, FeO 12.43, 

MgO 5.71, CaO 10.71, Na2O 2.36, K2O 0.23. Ba-aZ�g_�

hij_^_e_gghkl_c� ]jZnbq_kdh]h� jZa]jZgbq_gby� nZa�

kj_^b� fZ]g_lblZ�� bevf_gblZ� b� ibjjhlbgZ� hp_g_ggh_�

kh^_j`Zgb_�)H2O3 �����fZk����\�wlhc�ZkkhpbZpbb�ijb�

gbfZehkv�dZd�fZdkbfZevgh_��Z�hilbfZevgh_�kh^_j`Z�

gb_�wlh]h�dhfihg_glZ��hij_^_eyxs__�fbg_jZevgmx�Zk�

khpbZpbx�b�khklZ\u�fbg_jZeh\��jZkkqblu\Zehkv�gZ�hk�

gh\_�^bZ]jZff�L-MO2��]^_�0O2 ± kh^_j`Zgb_�©k\h[h^�

gh]hª�dbkehjh^Z�22 \�kbkl_f_��LZd��^ey�mdZaZgguo�\ur_�

khklZ\h\�hilbfZevguf�kh^_j`Zgb_f�22 hdZaZehkv� aZ�

f_lgh�gb`_��������fZk�����qlh�khhl\_lkl\m_l������fZk��

% Fe2O3��AgZq_gb_�������fZk����22 [ueh�\u[jZgh�^ey�

^Zevg_crbo�jZkq_lh\��Ij_^\Zjbl_evgu_�jZkq_lu�ihdZ�

aZeb��qlh�ijb�hij_^_e_gghf�^Z\e_gbb�\�kbkl_f_�k�mdZ�

aZgguf�khklZ\hf�ihy\ey_lky�]jZgZl��JZkkqblZggu_�J-L�

ik_\^hk_q_gby� \� bgl_j\Ze_� �±�� d[Zj� b� ���±����K�

(jbk� 3, 4��ij_^klZ\eyxl�hq_gv�ijhklu_�^bZ]jZffu��\�

dhlhjuo�j_adh�^hfbgbjmxsbf�y\ey_lky�ihe_�ZkkhpbZ�

pbb� 2S[�&S[�3O�4]�,OP�� Bahie_lu� ;mgOpx = 0.43±

0.44, Al2O3 \�2S[����±����fZk�����&D2�\�2S[����±����fZk��

%, XMgCpx = 0.56±0.58, NaCpx�n�_���  � ����±0.05, XanPl = 

0.47±������hljZ`Zxsb_�khklZ\u�p_gljZevguo�ahg�khkm�

s_kl\mxsbo�fbg_jZeh\� \� h[jZap_�EG-101 (jbk�� �� 6, 

lZ[e.1±3���i_j_dju\Zxlky�b�i_j_k_dZxlky�\�bgl_j\Ze_�

^Z\e_gbc����±����d[Zj�b�l_fi_jZlmj����±����K�^ey�kh�

klZ\h\�i_j\h]h�mqZkldZ��jbk���Z�[� b 7.2±����d[Zj�b�l_f�

i_jZlmj����±����K�± ^ey�\lhjh]h �jbk���\� ]���Ijb�wlhf�

hlghkbl_evgu_� kh^_j`Zgby� 2S[� ���±��� h[�� ���� &S[�

(21±���h[������3O����±5��h[������,OP����h[�����b�4]���±

���h[�����[ebadb�d�ih^kqblZgguf�khhlghr_gbyf�wlbo�

fbg_jZeh\�\�\u[jZgguo�mqZkldZo�rebnZ�EG-101: Opx 

���b����h[�����&S[����b����h[�����3O����b����h[�����,OP���

b���h[����b�4]���b����h[�����khhl\_lkl\_ggh�^ey�mqZkl�

dh\���b����jbk� 2 Z� [, \� ]).  

 

  

Jbk�� �� PT-ik_\^hk_q_gby� ^ey� \Zeh\h]h� ZgZebaZ� h[jZapZ�

EG-101_1. 

[Fig. 3. PT pseudo-sections for elementary analysis of LN-

101_1 sample.] 

Jbk�� �� PT-ik_\^hk_q_gby� ^ey� \Zeh\h]h� ZgZebaZ� h[jZapZ�

EG-101_2. 

[Fig. 4. PT pseudo-sections for elementary analysis of LN-

101_2 sample.] 

 

>ey�ih^l\_j`^_gby� j_amevlZlh\��ihemq_gguo� ijb 

fh^_ebjh\Zgbb fbg_jZevghc� ZkkhpbZpbb� 2S[�&S[� 

+3O�4]�,OP�\�h[jZap_�EG-�����[ueb�jZkkqblZgu�l_f�

i_jZlmju�ih�jZ\gh\_kbx�&S[�2S[�^ey����iZj�fbg_jZ�

eh\�ba�wlh]h�h[jZapZ��>ey�wlh]h�ijbf_gyeky�ijh]jZff�

guc�dhfie_dk�ZLQ7:4B�����[17] �lZ[e����� GZ�jbk��7 j_�

amevlZlu� jZkq_lh\� ij_^klZ\e_gu� \� \b^_� ]bklh]jZffu��

GZ�g_c�\u^_ey_lky�rbjhdbc�ibd� ����baf_j_gbc��\�bg�

l_j\Ze_����-760 �K��k�fZdkbfmfhf�\�bgl_j\Ze_�l_fi_�

jZlmj����±����K��hp_g_gguo�ba�ik_\^hk_q_gbc�  

<�hlebqb_�hl�EG-�����\�h[jZap_�EG-����gZjy^m� k�

ibjjhlbghf� ijbkmlkl\m_l� aZf_lgh_� dhebq_kl\h� ib�

jblZ��mdZau\Zy�gZ�kf_s_gb_�jZ\gh\_kby� 

4FeS + 1.5O2 = 2FeS2 + Fe2O3 �\�kbebdZlZo� 

\ijZ\h��FZ]g_lbl�`_�\�h[jZap_�EG-����kh^_j`bl�f_gv�

rb_�dhgp_gljZpbb�7L�b�$O��mdZau\Zxsb_�lZd`_�gZ�kf_�

s_gb_�jZ\gh\_kbc� 

3FeAl2O4 + 0.5O2 = Fe3O4 + 3Al2O3 �\�kbebdZlZo� 

3TiFe2O4 + 0.5O2 = Fe3O4 + 3FeTiO3 

\ijZ\h�k�jhklhf�dhgp_gljZpbb�©k\h[h^gh]hª�22.  

:fnb[hebaZpby. Ihy\e_gb_�\h^u�\�kbkl_f_�ijb\h�

^bl�d�h[jZah\Zgbx�\�dk_gheblZo�iZj]Zkbl-w^_gblh\h]h�

Zfnb[heZ��jbk��8���>ey�fh^_ebjh\Zgby�ijhp_kkZ�Zfnb�

[hebaZpbb� bkihevah\Zehkv� Zfnb[he-ieZ]bhdeZah\h_�

jZ\gh\_kb_� >18@��dhlhjh_�aZnbdkbjh\Zeh�l_fi_jZlmju 

Zfnb[hebaZpbb� dk_gheblh\� ���±����K� ijb� ^Z\e_gbb�

5.0±����d[Zj��lZ[e��5).  
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Jbk���� Bahie_lu�khklZ\h\�khkms_kl\mxsbo�fbg_jZeh\�\�

h[jZap_�EG-101_1. 

[Fig. 5. Isopleths of the compositions of coexisting minerals 

in LN-101_1 sample.] 

Jbk���� Bahie_lu�khklZ\h\�khkms_kl\mxsbo�fbg_jZeh\�\�

h[jZap_�EG-101_2. 

[Fig. 6. Isopleths of the compositions of coexisting minerals 

in LN-101_2 sample.] 

 

 

LZ[e�����Ba[jZggu_�we_dljhggh-ahg^h\u_�ZgZebau�ieZ]bhdeZah\�]jZgmeblh\�j-gZ�j��EhllZ�E=D 

[Table 1. Selected electron microprobe analyses of granulite plagioclases from the area 

of the Lotta river in the Lapland Granulite Belt] 

� 35 36 37 38 39 40 41 42 43 

Dhfihg_glu 

[Components] 
P D D P P P P P P 

SiO2 55.82 55.67 55.57 56.58 56.06 55.71 57.41 56.50 56.26 

TiO2 0.00 0.04 0.14 0.08 0.09 0.00 0.21 0.06 0.00 

Al2O3 27.54 27.52 27.75 27.62 27.56 27.95 26.34 27.64 26.76 

FeO 0.24 0.17 0.20 0.00 0.04 0.06 0.26 0.32 0.46 

MnO 0.20 0.00 0.07 0.09 0.00 0.00 0.00 0.00 0.00 

MgO 0.14 0.05 0.20 0.01 0.14 0.20 0.11 0.09 0.29 

CaO 10.77 10.09 10.65 10.31 10.59 10.04 9.47 9.46 9.93 

Na2O 5.10 6.12 5.25 5.12 5.29 5.83 5.84 5.66 6.15 

KmffZ 

[Total] 
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Dhebq_kl\h�bhgh\�\�i_j_kq_l_�gZ����H� 

[The number of ions in terms of 8 (H)] 

Si 2.51 2.50 2.50 2.54 2.52 2.50 2.51 2.53 2.53 

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 

Al 1.46 1.46 1.47 1.46 1.46 1.48 1.39 1.46 1.42 

Fe 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.02 

Mn 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mg 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.02 

Ca 0.52 0.49 0.51 0.49 0.51 0.48 0.45 0.45 0.48 

Na 0.44 0.53 0.46 0.44 0.46 0.51 0.51 0.49 0.54 
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LZ[e�����Ba[jZggu_�we_dljhggh-ahg^h\u_�ZgZebau�debghibjhdk_gh\�]jZgmeblh\�j-gZ�j��EhllZ�E=D 

[Table 2. Selected electron microprobe analyses of granulite clinopyroxenes from the area 

of the Lotta river in the Lapland Granulite Belt] 

�/Dhfihg_glu 

[No. Components] 
17 2 3 4 5 6 7 8 9 

SiO2 49.98 50.55 49.81 50.49 49.99 50.71 50.18 50.68 50.33 

TiO2 0.25 0.31 0.38 0.36 0.44 0.36 0.31 0.36 0.24 

Al2O3 2.23 2.28 2.12 2.21 2.13 2.41 2.22 2.09 2.26 

FeO 14.69 14.03 14.23 14.08 13.84 14.52 13.27 13.65 14.05 

MnO 0.54 0.86 0.64 0.69 0.39 0.50 0.45 0.33 0.47 

MgO 10.25 10.24 10.75 10.73 10.87 10.51 10.42 11.00 10.77 

CaO 21.20 21.43 21.50 21.04 21.58 20.64 22.24 21.40 21.11 

Na2O 0.81 0.26 0.57 0.33 0.58 0.27 0.70 0.48 0.53 

KmffZ 

[Total] 
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Dhebq_kl\h�bhgh\�\�i_j_kq_l_�gZ����H� 

[The number of ions in terms of 6 (H)] 

Si 1.92 1.94 1.92 1.93 1.92 1.94 1.92 1.94 1.93 

Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Al 0.10 0.10 0.10 0.10 0.10 0.11 0.10 0.09 0.10 

Fe 0.47 0.45 0.46 0.45 0.44 0.46 0.43 0.44 0.45 

Mn 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.02 

Mg 0.59 0.59 0.62 0.61 0.62 0.60 0.60 0.63 0.62 

Ca 0.87 0.88 0.89 0.86 0.89 0.84 0.91 0.88 0.87 

Na 0.06 0.02 0.04 0.02 0.04 0.02 0.05 0.04 0.04 

 
LZ[e�����Ba[jZggu_�we_dljhggh-ahg^h\u_�ZgZebau�hjlhibjhdk_gh\�]jZgmeblh\�j-gZ�j�EhllZ�E=D 

[Table 3. Selected electron microprobe analyses of granulite orthopyroxenes from the area 

of the Lotta river in the Lapland Granulite Belt] 

� 16 20 26 29 33 18 21 25 

Dhfihg_glu 

[Components] 
P P P P P P D D 

SiO2 49.68 50.55 49.37 49.88 49.50 49.33 50.11 49.96 

TiO2 0.17 0.14 0.07 0.00 0.31 0.00 0.00 0.14 

Al2O3 1.26 1.33 1.31 1.37 0.98 1.29 1.28 1.24 

FeO 32.93 31.77 32.66 32.29 32.18 32.50 32.26 32.26 

MnO 0.83 0.92 1.19 0.98 1.26 1.14 1.14 1.23 

MgO 14.56 14.58 14.56 14.41 14.66 14.36 14.59 14.20 

CaO 0.57 0.70 0.76 0.69 0.91 0.60 0.53 0.88 

Na2O 0.00 0.00 0.00 0.22 0.15 0.49 0.00 0.08 

KmffZ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Dhebq_kl\h�bhgh\�\ i_j_kq_l_�gZ����H� 

[The number of ions in terms of 6 (H)] 

Si 1.96 1.98 1.95 1.96 1.95 1.95 1.97 1.97 

Ti 0.01 0.00 0.02 0.00 0.01 0.00 0.00 0.00 

Al 0.06 0.06 0.06 0.05 0.06 0.06 0.06 0.06 

Fe 1.08 1.04 1.08 1.06 1.08 1.07 1.06 1.06 

Mn 0.03 0.03 0.04 0.03 0.04 0.04 0.04 0.04 

Mg 0.85 0.85 0.86 0.84 0.86 0.84 0.85 0.83 

Ca 0.02 0.03 0.03 0.03 0.04 0.03 0.02 0.04 

Na 0.00 0.00 0.00 0.02 0.01 0.04 0.00 0.01 
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LZ[e�����L-J�mkeh\by�jZ\gh\_kby�debghibjhdk_g���hjlhibjhdk_g���ieZ]bhdeZa���d\Zjp 

\�g_Zfnb[hebabjh\Zgghc�qZklb�dk_gheblh\��hp_g_ggu_�k�ihfhsvx�ijh]jZffu�TWQ 2.32 [10] 

[Table 4. T-P conditions of the clinopyroxene + orthopyroxene + plagioclase + quartz equilibrium 

in non-amphibolised sections of xenoliths estimated using the TWQ 2.32 software package [10]] 

Pl, � Opx��� Cpx��� T, 0C 3��d[Zj 

40* 16 9 804 6.2 

41 18 9 804 6.4 

43 20 17 862 6.0 

43 21 17 839 6.0 

38 29 6 802 6.2 

39 29 6 800 6.2 

� ZgZebah\��kf��lZ[ebpu��������� 

*See No. of analyses in Tables 1, 2, 3. 

 

  

Jbk���. =bklh]jZffZ�jZkkqblZgguo l_fi_jZlmj�ih�jZ\gh\_�

kbx�Cpx+Opx [15]. 

[Fig. 7. The histogram of the calculated temperatures based on 

the Cpx+Opx equilibrium [15].] 

Jbk���� KhklZ\u�Zfnb[heh\�hkgh\guo�dk_gheblh\�\�ljhg^v�

_fblZo�j-gZ�j��EhllZ�P_gljZevghc�ahgu�EZieZg^kdh]h�]jZ�

gmeblh\h]h�dhfie_dkZ� 

[Fig. 8. Compositions of amphiboles of mafic xenoliths in 

trondhjemites in the area of the Lotta river in the Central Zone 

of the Lapland Granulite Belt.] 

 
LZ[e�����T-P mkeh\by�Zfnb[hebaZpbb�]jZgmeblZ� 

hij_^_ezggu_�k�ihfhsvx�agZq_gbc�Zfnb[he-ieZ]bhdeZah\h]h�jZ\gh\_kby�>��@ 

[Table 5. T-P conditions of granulite amphibolisation determined by means of amphibole-plagioclase equilibrium [11]] 

$PS����Dhfihg_glu 

[Amp, No. /Components] 
��P ��D ��P ��D ��D ��P ��D 

1 2 3 4 5 6 7 8 

SiO2 42.49 42.16 42.99 42.38 43.44 43.26 42.86 

TiO2 1.71 1.32 1.88 1.71 0.80 1.34 1.57 

Al2O3 11.65 11.67 11.94 11.97 11.82 11.14 11.52 

FeO 20.59 20.34 20.37 20.98 19.67 19.90 20.81 

MgO 8.39 8.50 8.26 8.34 9.31 8.91 8.40 

MnO 0.38 0.28 0.35 0.13 0.33 0.31 0.29 

CaO 12.24 12.19 11.09 12.23 12.14 12.46 12.11 

Na2O 1.47 1.35 1.44 1.14 1.16 1.56 1.21 

K2O 1.25 1.32 1.29 0.95 0.99 1.24 1.10 

F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Ijh^he`_gb_�LZ[e��5 

[Continued Table 5] 

1 2 3 4 5 6 7 8 

Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

KmffZ 

[Total] 
100.17 99.13 99.61 99.83 99.66 100.12 99.87 

Pl        

xAb 0.53 0.53 0.53 0.53 0.53 0.53 0.53 

xAn 0.47 0.47 0.47 0.47 0.47 0.47 0.47 
        

T,0C 766.3 756.0 779.9 762.9 745.6 739.9 760.4 

3�d[Zj 5.00 5.33 4.86 5.29 5.51 5.19 5.03 

 

Nexb^gu_ \dexq_gby 

Nexb^gu_� \dexq_gby� [ueb� bamq_gu� \� d\Zjp_� b�

ij_^klZ\e_gu�m]e_dbkehlgufb�b�\h^gh-khe_\ufb�jZa�

ghklyfb��M]e_dbkehlgu_�\dexq_gby�hlghkbl_evgh�f_e�

db_� jZaf_jhf� �±��� fdf�� j_`_� \klj_qZxlky� ^h� ��±25 

fdf��Ih� l_dklmjguf� hkh[_gghklyf� hgb� ij_^klZ\e_gu�

lhevdh� i_j\bqgh-\lhjbqgufb� jZaghklyfb� �fZjdbjmxl�

aZe_q_ggu_� lj_sbgu� \� ij_^_eZo� hl^_evguo� a_j_g��

(jbk� 9���L_fi_jZlmju�]hfh]_gbaZpbb�b�khhl\_lkl\_ggh�

iehlghklb�m]e_dbkehlguo�\dexq_gbc�\Zjvbjmxl�hl�����

^h�����K b�hl�������^h�������]�kf3��L_fi_jZlmjZ�ieZ\e_�

gby�\dexq_gbc�baf_gy_lky�hl�-�����&�^h�-�����K� 

<h^gh-khe_\u_�\dexq_gby�h[uqgh�iehkdb_��k\_l�

eu_��m^ebg_ggh-h\Zevgu_�beb�g_ijZ\bevghc�nhjfu��

qZklh�k�hllygmlufb�dhgpZfb�jZaf_jhf��g_�ij_\urZ�

xsbf� ���fdf��EhdZebamxlky�\h�\k_o�kemqZyo�\^hev�

aZe_q_gguo� lj_sbg�� g_� i_j_k_dZxsbo� ]jZgbpu� hl�

^_evguo� a_j_g� �i_j\bqgh-\lhjbqgu_�� �jbk�10). 

GZqZevgh_� ieZ\e_gb_� ev^Z� \h� \dexq_gbyo� ijhbkoh�

^bl \�bgl_j\Ze_�hl�-���^h�-55�K��qlh�mdZau\Z_l�gZ�ijb�

kmlkl\b_� \� jZkl\hj_� &D&O2�� Dhg_qgZy� l_fi_jZlmjZ�

ieZ\e_gby�ev^Z�\Zjvbjm_l�hl� -�����K�^h� -�����K��qlh�

khhl\_lkl\m_l� kh^_j`Zgbx�NaCl-wd\b\Ze_glZ� �����±

������fZk��� 

 

  

Jbk�� �� Fbdjhnhlh]jZnby�i_j\bqgh-\lhjbqguo�m]e_dbkehl�

guo�\dexq_gbc�\�d\Zjp_� 

[Fig. 9. A micrograph of primary-secondary carbon dioxide inclu-

sions in quartz.]  

Jbk�� ��� Fbdjhnhlh]jZnby�i_j\bqgh-\lhjbqguo�\h^gh-khe_�

\uo�\dexq_gbc�\�d\Zjp_� 

[Fig. 10. A micrograph of primary-secondary water-salt inclusions 

in quartz.]  

 
<u\h^u 

 Gh\u_�mlhqg_ggu_�hp_gdb P-T iZjZf_ljh\�ibdZ�

f_lZfhjnbafZ E=D�b�̂ Zggu_�h�nexb^guo�\dexq_gbyo�

ih^l\_j^beb� \u\h^u� >�� 19, ��@�� qlh� h[jZah\Zgb_�

ljhg^v_fblh\uo�fZ]f��\_jhylgh��ijhbkoh^beh�gZ�]em�

[bgZo�ihjy^dZ���±���df��Ih�f_j_�ih^t_fZ�k�20±���df 

fZ]fu�aZo\Zlu\Zeb�dk_gheblu�hkgh\guo�ihjh^�>�� 4], 

Zdlb\gh�\aZbfh^_ckl\my�k�gbfb��Ijhp_kk�Zfnb[hebaZ�

pbb� dk_gheblh\� bf_e� f_klh� ijb� l_fi_jZlmjZo� ���±

����K�b ^Z\e_gbb����±5���d[Zj��Z�\ZjbZpbb�khklZ\Z�Zf�

nb[heZ�mdZau\Zxl�gZ�lh��qlh�wlhl�ijhp_kk�ijhl_dZe�gZ�

nhg_�h[s_]h�hklu\Zgby��:fnb[hebaZpby�dk_gheblh\ 

k\yaZgZ�k�ijhgbdgh\_gb_f�\�gbo�kms_kl\_ggh�\h^gh]h�

nexb^Z� ba� hklu\Zxs_c� ljhg^v_fblh\hc fZ]fu�� qlh�

ih^l\_j`^Z_lky�j_adbf�ij_h[eZ^Zgb_f�\h^gh-khe_\uo�

(1±���fZk����NaCl wd\b\Ze_glZ��b�ih^qbg_gguf�dheb�

q_kl\hf�m]e_dbkeuo�\dexq_gbc�\�fbg_jZeZo�]jZgblh�

b^h\�� G_kfhljy� gZ� Zdlb\gh_� nexb^gh_� \aZbfh^_c�

kl\b_�jZkieZ\Z�b�dk_gheblh\, ijbagZdh\�l_jfZevgh]h 

\ha^_ckl\by�g_�mklZgh\e_gh.  

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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