
INVESTIGATING PETROLOGIC INDICATORS OF MAGMATIC PROCESSES IN VOLCANIC ROCKS

!"#$%&#'(#)*+),"*-./).-0'1)%2*',)%'/#3"%&)4&%,0*(&%1#)20("*&0.#15

!"##$%&#'&(#)**%#+,-&"./&0)1$"&%'&2"33%#+

!"#$%&'(#)'*+,*-#+.+/0*%)1*-#+$2034536*7)48#&34'0*+,*9%:%44*;%)+%6*9+)+.<.<6*9%:%44*=>?@@6*7ABACA

"(45#"!5
D&03'%.*'#E'<&#3*+,*8+.5%)45*&+5F3*&#5+&1*'2#*$&+5#33#3*4)8+.8#1*4)*(%/(%*3'+&%/#*%)1*#&<$'48#*

%35#)'A*B0)G#&<$'48#*5&03'%..4H%'4+)6*4)*:2452*/&+<)1(%33*5&03'%.3*,+&(*%)1*/&+:*%55+&14)/*'+*#)G
YLURQPHQWDO�IDFWRUV�VXFK�DV�WKHUPRG\QDPLF�XQGHUFRROLQJ��VWURQJO\�LQÀXHQFHV�WKH�WH[WXUH�RI�HUXSWHG�
PDJPD��7KLV�VWDJH�LV�GLI¿FXOW�WR�LVRODWH�IRU�VWXG\�LQ�QDWXUDO�URFNV��EXW�ZHOO�VXLWHG�IRU�ODERUDWRU\�H[SHULG
PHQWV�EHFDXVH�WKH�FKHPLFDO�FRPSRVLWLRQV�DQG�FU\VWDOOL]DWLRQ�WLPHVFDOHV�RI�HUXSWLYH�SURFHVVHV�FDQ�EH�
#(<.%'#1A*I243*3'<10*#E%(4)#3*'2#*4)54$4#)'*3'%/#3*+,*$.%/4+5.%3#*5&03'%..4H%'4+)*4)*201&+<3*&20+1%54'#*
(%/(%*<)1#&/+4)/*1#5+($&#334+)G1&48#)*1#/%334)/A*JE$#&4(#)'%.*3%($.#3*4)*:2452*5&03'%.*/&+:'2*%'*
ERWK�QHDU�HTXLOLEULXP�DQG�IDU�IURP�HTXLOLEULXP�FRQGLWLRQV�ZHUH�H[DPLQHG�XVLQJ�HOHFWURQ�EDFNVFDWWHU�
14,,&%5'4+)*KJLB"M*%)%.0343*'+*%35#&'%4)*5&03'%..+/&%$245*.%''45#*+&4#)'%'4+)3*+,*4)14841<%.*5&03'%.3A*I2#*
FU\VWDO�RULHQWDWLRQ�LQYHVWLJDWLRQ�DI¿UPV�D�FRPPRQ�DVVXPSWLRQ�LQYRNHG�LQ�WH[WXUDO�VWXGLHV�RI�FU\VWDO�
QXPEHU�GHQVLW\��FRQWLJXRXV�FU\VWDOV�ZLWK�SDUDOOHO�IDFHV�DUH�FU\VWDOORJUDSKLFDOO\�FRQWLQXRXV��ZKHUHDV�
5+)'4/<+<3*5&03'%.3*:4'2*)+)G$%&%..#.* ,%5#3*2%8#*<)&#.%'#1*5&03'%.* .%''45#*+&4#)'%'4+)3*%)1*%3*3<526*
UHSUHVHQW�VHSDUDWH�FU\VWDOV��,Q�WKH�KLJKO\�XQGHUFRROHG�VDPSOH��WZLQQLQJ�LV�LGHQWL¿HG�LQ�a����RI�WKH�
FU\VWDOV�H[DPLQHG��LQ�WKH�QHDU�HTXLOLEULXP�VDPSOH������RI�WKH�FU\VWDOV�DUH�WZLQQHG��:H�¿QG�WKDW�WKH�
REVHUYHG�WZLQQLQJ�LV�XQOLNHO\�WR�EH�WKH�UHVXOW�RI�GHIRUPDWLRQ��WUDQVIRUPDWLRQ��RU�V\QQHXVLV��EXW�UDWKHU�
D�UHVXOW�RI�JURZWK�GHIHFWV�LQWURGXFHG�GXULQJ�WKH�LQFLSLHQW�VWDJHV�RI�FU\VWDOOL]DWLRQ��:H�VXJJHVW�LQWHUQDO�
VWUXFWXUDO�GHIHFWV��WZLQV��FRQWURO�PDFURVFRSLF�PRUSKRORJLFDO�GHIHFWV��HPED\PHQWV��VZDOORZWDLOV��DQG�
PHOW�LQFOXVLRQV��DV�D�UHVXOW�RI�WKH�KLJK�HQHUJ\�RI�WKH�WZLQ�SODQH�ERXQGDU\��)RUPDWLRQ�RI�WZLQV�GXULQJ�
WKH�LQFLSLHQW�VWDJHV�RI�SODJLRFODVH�FU\VWDOOL]DWLRQ�LV�WKH�VLQJOH�PRVW�LPSRUWDQW�IDFWRU�FRQWULEXWLQJ�WR�
%)2#1&%.*(+&$2+.+/4#3*+,*,#.13$%&*(45&+.4'#3*/&+:4)/*1<&4)/*(%/(%*1#5+($&#334+)6*%)1*$.%03*%*&+.#*
4)*'2#*1#8#.+$(#)'*+,*3+(#*$.%/4+5.%3#G2+3'#1*(#.'*4)5.<34+)3A
6#7-*"318)(OHFWURQ�EDFNVFDWWHU�GLIIUDFWLRQ��SODJLRFODVH��JURZWK�WZLQQLQJ��FU\VWDO�PRUSKRORJ\

$.5#6/)!5$6.
0HWULFV� VXFK� DV� FU\VWDO� VL]HV�� VKDSHV�� QXPEHU� GHQVLWLHV��

DQG� VSDWLDO� GLVWULEXWLRQV�RU� SUHIHUUHG�RULHQWDWLRQV� DUH� XVHG� WR�
52%&%5'#&4H#*3%($.#3*%)1*5+&&#.%'#*(45&+'#E'<&#*:4'2*8+.5%)45*
HYHQWV��H�J���&DVKPDQ�������������������+DPPHU�HW�DO��������
������&DVWUR�HW�DO��������0DUWHO�DQG�3RXVVLQHDX�������*HQDUHX�
#'*%.A*@N!NMA*O#5#)'*'#E'<&%.*3'<14#3*,+5<3*+)*(45&+.4'#3*K5&03'%.3*
����ȝP��WR�VWXG\�WKH�GHWDLOV�RI�PDJPD�DVFHQW�SURFHVVHV��H�J���
-#352:4)1*%)1*O<'2#&,+&1*!==PQ*9%((#&*#'*%.A*!===Q*R+/<524*
#'*%.A*@NN>6*@NN?MA*;45&+.4'#3*'2%'*,+&(*%)1*/&+:*4)*24/2.0*<)1#&G
5++.#1*#)84&+)(#)'3*2%8#*52%&%5'#&43'45*(+&$2+.+/4#3*K2+$$#&6*
3F#.#'%.6* 1#)1&4'456* 3:%..+:'%4.#16* %)1* 4&&#/<.%&M6*:2452*(%0*
KDPSHU�TXDQWLWDWLYH�GHWHUPLQDWLRQ�RI�FU\VWDO�VL]H�DQG�QXPEHU�
GHQVLW\�EHFDXVH�WKHVH�PHWULFV�UHTXLUH�XQDPELJXRXV�LGHQWLILFDG
WLRQ�RI� LQGLYLGXDO�FU\VWDOV��'LVWLQJXLVKLQJ�EHWZHHQ�LPSLQJLQJ�
5&03'%.3* %)1* %* 34)/.#* 5&03'%.*:4'2* %)2#1&%.*(+&$2+.+/06* ,+&*
H[DPSOH��FDQ�EH�GLIILFXOW�LQ�DQ�RSWLFDO�SKRWRPLFURJUDSK�RU�WZR�

GLPHQVLRQDO�EDFNVFDWWHUHG�HOHFWURQ� �%6(�� LPDJH��&RQWLJXRXV�
SDUWLFOHV�ZLWK�SDUDOOHO�IDFHV�DUH�W\SLFDOO\�FRQVLGHUHG�WR�EH�WKH�
%)2#1&%.*5+)'4)<%'4+)3*+,*+)#*5&03'%.*%)1*%&#*'2<3*5+<)'#1*%3*%*
34)/.#*/&%4)A*S)*5+)'&%3'6*'+<524)/*/&%4)3*:4'2*)+)G$%&%..#.*,%5#3*
%&#*5+)341#&#1*%)1*5+<)'#1*%3*3#$%&%'#*/&%4)3*K#A/A6*T<$4#&*#'*%.A*
������%UXJJHU�DQG�+DPPHU�����E���$OWKRXJK�ZLGHO\�DSSOLHG�
K5,A*9%((#&*#'*%.A*!===M6*'243*5&4'#&4+)*,+&*5&03'%.*&#5+/)4'4+)*
LQ�WH[WXUDO�VWXGLHV�KDV�QHYHU�EHHQ�FRUURERUDWHG�E\�LQGHSHQGHQW�
%33#33(#)'*+,*'2#*5&03'%..+/&%$245*.%''45#*+&4#)'%'4+)3*+,*/&%4)3A*
(OHFWURQ�EDFNVFDWWHU�GLIIUDFWLRQ��(%6'��DOORZV�HYDOXDWLRQ�RI�WKLV�
%33<($'4+)A*734)/*%*3'%)1%&1*$#'&+/&%$245*'24)*3#5'4+)*%)1*BJ;6*
LW�LV�SRVVLEOH�WR�PDS�LQ�VLWX�WKH�WKUHH�GLPHQVLRQDO�FU\VWDOORJUDSKLF�
+&4#)'%'4+)3*+,*(4)#&%.3*+&*$+&'4+)3*+,*(4)#&%.3*%3*3(%..*%3*NAP*
ȝP�DQG�UHOLDEO\�LGHQWLI\�VPDOO�DQJXODU�YDULDWLRQV�LQ�WKH�ODWWLFH�
RULHQWDWLRQ�RI�DGMDFHQW�JUDLQV�RU�VXEJUDLQ�UHJLRQV��3ULRU�HW�DO��
�������������7KXV�WKH�(%6'�WHFKQLTXH�DGGV�FU\VWDOORJUDSKLF�
RULHQWDWLRQ�FKDUDFWHUL]DWLRQ�WR�WKH�VHW�RI�WHFKQLTXHV�WKDW�PD\�EH�
&+<'4)#.0*<3#1*'+*4)8#3'4/%'#*(45&+.4'#*'#E'<&#3A

S)*'243*3'<10*:#*#E%(4)#*'2#*5&03'%..+/&%$245*3'&<5'<&#*%)1*
+&4#)'%'4+)*+,*$.%/4+5.%3#*(45&+.4'#3*4)*':+*#E$#&4(#)'%.*3%($.#3*
'2%'*,+&(#1*<)1#&*F)+:)*5+)14'4+)3*+,*'2#&(+10)%(45*<)1#&G
5++.4)/*:4'2*'2#*/+%.*+,*<)1#&3'%)14)/*'2#*#%&.0*1#8#.+$(#)'*+,*
5&03'%.*(+&$2+.+/4#3*5+((+).0*#)5+<)'#&#1*4)*4/)#+<3*&+5F3A*
2XU�VSHFLILF�REMHFWLYHV�DUH�WZRIROG������WR�FULWLFDOO\�HYDOXDWH�WKH�

!"#$%&'()*%(#$'+,-%./0)1,+2"#)3440)5'-#.)67896:80);438

��������;��������±����������'2,��KWWS���G[�GRL�RUJ���������DP����������� ���������


�3UHVHQW�DGGUHVV��6FKRRO�RI�(DUWK�6FLHQFHV�DQG�(QYLURQPHQWDO�
6XVWDLQDELOLW\��1RUWKHUQ�$UL]RQD�8QLYHUVLW\��)ODJVWDII��$UL]RQD�
�������8�6�$��(�PDLO��FDUULH�EUXJJHU#QDX�HGX
��6SHFLDO�FROOHFWLRQ�SDSHUV�FDQ�EH�IRXQG�RQ�*6:�DW�KWWS���DPPLQ�
JHRVFLHQFHZRUOG�RUJ�VLWH�PLVF�VSHFLDOLVVXHOLVW�[KWPO�




