
InvestIgatIng PetrologIc IndIcators of MagMatIc Processes In volcanIc rocks

The cooling kinetics of plagioclase feldspar as revealed by electron-microprobe mapping†

gIanluca IezzI1,2,*, sIlvIo Mollo2, edIsa shahInI1, andrea cavallo2 and  
PIergIorgIo scarlato2

1Dipartimento INGEO, Università G. d’Annunzio, Via Dei Vestini 30, I-66013 Chieti, Italy
2,VWLWXWR�1D]LRQDOH�GL�*HR¿VLFD�H�9XOFDQRORJLD��9LD�GL�9LJQD�0XUDWD������������5RPD��,WDO\

abstract

,Q�WKLV�VWXG\��ZH�KDYH�XVHG�HOHFWURQ�PLFURSUREH�PDSSLQJ�WR�LQYHVWLJDWH�SODJLRFODVH�FRPSRVLWLRQDO�
HYROXWLRQ�GXH�WR�FRROLQJ�NLQHWLFV��:H�UH�DQDO\]HG�¿YH�UXQ�SURGXFWV�IURP�D�SULRU�VWXG\��,H]]L�HW�DO���������
FU\VWDOOL]HG�E\�FRROLQJ�D�QDWXUDO�DQGHVLWLF�PHOW�IURP������WR������&�DW�������������������DQG��������&�
PLQ�XQGHU�DWPRVSKHULF�SUHVVXUH�DQG�DLU�UHGR[�VWDWH��$V�WKH�FRROLQJ�UDWH�GHFUHDVHV��WKH�WH[WXUH�RI�ODUJH�
SODJLRFODVHV�FKDQJHV�IURP�VNHOHWDO�WR�KROORZ�WR�QHDUO\�HTXDQW��,Q�WKLV�VWXG\��ZH�XVH�;�UD\�PDS�GDWD�
WR�REWDLQ�D�GDWDEDVH�RI��������TXDQWLWDWLYH�FKHPLFDO�DQDO\VHV��7KH�IUHTXHQF\�RI�$Q�ULFK�SODJLRFODVHV�
VKRZLQJ�GLVHTXLOLEULXP�FRPSRVLWLRQV�VXEVWDQWLDOO\�LQFUHDVHV�ZLWK�LQFUHDVLQJ�FRROLQJ�UDWH��$W����DQG�
������&�PLQ�WKH�GLVWULEXWLRQ�LV�VLQJOH�PRGH�DQG�QDUURZ��DW�����DQG��������&�PLQ�LV�VLQJOH�PRGH�EXW�
YHU\�EURDG��ZKHUHDV�DW�WKH�LQWHUPHGLDWH�FRROLQJ�UDWH�RI����&�PLQ�WZR�GLVWLQFW�SODJLRFODVH�SRSXODWLRQV�
DUH�SUHVHQW��7KLV�LQWHUPHGLDWH�FRROLQJ�UDWH�LV�IDVW�HQRXJK�WR�FDXVH�GHSDUWXUH�IURP�HTXLOLEULXP�IRU�WKH�
FU\VWDOOL]DWLRQ�RI�WKH�$Q�ULFK�SRSXODWLRQ�EXW�DOVR�VXI¿FLHQWO\�VORZ�WKDW�$Q�SRRU�SODJLRFODVHV�QXFOHDWH�
IURP�WKH�UHVLGXDO�PHOW��:H�LQWHUSUHW�RXU�¿QGLQJV�LQ�WKH�FRQWH[W�RI�WLPH�WHPSHUDWXUH�WUDQVIRUPDWLRQ�
�777��GLDJUDPV��DQG�LQIHU�WKH�FU\VWDOOL]DWLRQ�NLQHWLFV�RI�SODJLRFODVH�LQ�WKH�H[SHULPHQWV��&RPSRVLWLRQDO�
WUHQGV�DQG�RXU�LQIHUHQFHV�UHJDUGLQJ�777�V\VWHPDWLFV�DUH�FRQVLVWHQW�ZLWK�WZR�GLVFUHWH�QXFOHDWLRQ�HYHQWV�
WKDW�SURGXFHG�VHSDUDWH�SRSXODWLRQV�RI�SODJLRFODVH��L�H���$Q�ULFK�DQG�$Q�SRRU�SRSXODWLRQV��DW����&�PLQ��
8VLQJ�SODJLRFODVH�PHOW�SDLUV�DV�LQSXW�GDWD�IRU�WKH�WKHUPRPHWULF�UHDFWLRQ�EHWZHHQ�$Q�DQG�$E�FRPSRQHQWV��
ZH�¿QG�WKDW�SODJLRFODVH�PLUURUV�YHU\�KLJK���QHDU�OLTXLGXV��FU\VWDOOL]DWLRQ�WHPSHUDWXUHV�ZLWK�LQFUHDVLQJ�
FRROLQJ�UDWH��7KHVH�UHVXOWV�KDYH�LPSRUWDQW�LPSOLFDWLRQV�IRU�WKH�HVWLPDWH�RI�SRVW�HUXSWLYH�VROLGL¿FDWLRQ�
FRQGLWLRQV��/DYD�ÀRZV�DQG�LQWUXVLYH�ERGLHV�IURP�FHQWLPHWHUV�WR�D�IHZ�PHWHUV�WKLFN�DUH�FKDUDFWHUL]HG�E\�
D�VKRUW�VROLGL¿FDWLRQ�WLPH�DQG�D�VLJQL¿FDQW�WKHUPDO�GLIIXVLRQ��8QGHU�VXFK�FLUFXPVWDQFHV��LW�LV�SRVVLEOH�
WR�FU\VWDOOL]H�SODJLRFODVHV�ZLWK�YDULDEOH�DQG�GLVHTXLOLEULXP�FKHPLFDO�FRPSRVLWLRQV�VLPSO\�E\�FRROLQJ�
D�KRPRJHQHRXV�DQGHVLWLF�PHOW��;�UD\�HOHPHQW�PDSV�HQULFK�WKH�VWXG\�RI�SODJLRFODVH�FRPSRVLWLRQDO�
YDULDWLRQV�JHQHUDWHG�XQGHU�FRQGLWLRQV�RI�UDSLG�FRROLQJ�
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3ODJLRFODVH�LV�WKH�PRVW�FRPPRQ�PLQHUDO�LQ�LJQHRXV�URFNV��
2YHU�RWKHU�FU\VWDO�SKDVHV��SODJLRFODVH�KDV�LPSRUWDQW�DGYDQWDJHV�
LQ�SUHVHUYLQJ�UHFRUGV�RI�WKH�FKHPLFDO�DQG�SK\VLFDO�HYROXWLRQ�RI�
PDJPDV�GXH�WR�WKH�VORZ�FRXSOHG�&D$O�1D6L�LQWHUGLIIXVLRQ�WKDW�
LQKLELWV�WKH�UH�HTXLOLEUDWLRQ�RI�JURZLQJ�FU\VWDOV�DQG�IDYRUV�WKH�
UHWHQWLRQ�RI�RULJLQDO�HOHPHQW�FRQFHQWUDWLRQV��*URYH�HW�DO��������
0RUVH�������/LX�DQG�<XQG�������%DVFKHN�DQG�-RKDQQHV��������
7KLV�HQVXUHV�WKDW�SODJLRFODVH�FKHPLFDO�DQG�WH[WXUDO�]RQLQJ�FDQ�
EH�XVHG�IRU�GHFLSKHULQJ�PDJPDWLF�HYHQWV��FI��3XWLUND�������DV�
LW�LV�DOVR�KLJKOLJKWHG�E\�WKH�UDUH�RFFXUUHQFH�RI�FRPSRVLWLRQDOO\�
KRPRJHQHRXV�SODJLRFODVHV�LQ�QDWXUH��6PLWK�DQG�%URZQ�������/LX�
DQG�<XQG�������%DVFKHN�DQG�-RKDQQHV�������'HHU�HW�DO����������
,QGHHG��GLVHTXLOLEULXP�WH[WXUHV�DQG�FRPSRVLWLRQV�RI�SODJLRFODVH�
DUH�IUHTXHQWO\�VWXGLHG�XQGHU�QDWXUDO�DQG�ODERUDWRU\�FRQGLWLRQV�
�+DPPHU�������,H]]L�HW�DO��������������%UXJJHU�DQG�+DPPHU�

������'HO�*DXGLR�HW�DO��������0ROOR�HW�DO������D������E������D��
����E��/DQ]DIDPH�HW�DO��������

&RROLQJ��FU\VWDO�VHWWOLQJ��FRQYHFWLRQ�DQG�PL[LQJ�LQ�PDJPD�
FKDPEHUV�DOORZ�FU\VWDOOL]DWLRQ�RI�SODJLRFODVH�SKHQRFU\VWV�ZLWK�
FRPSRVLWLRQV�WKDW�GHYLDWHV�IURP�HTXLOLEULXP��0DUVK�������6LQJHU�
HW�DO��������&RXFK�HW�DO��������3LHWUDQLN�HW�DO���������'LVHTXLOLE-
ULXP�FU\VWDOV��PLFURSKHQRFU\VWV��FDQ�DOVR�VROLGLI\�ZKHQ�PDJPDV�
ULVH�WR�WKH�VXUIDFH�LQ�UHVSRQVH�WR�UDSLG�YRODWLOH�GHJDVVLQJ�LPSRVHG�
E\�GHFRPSUHVVLRQ�SDWKV��&RXFK�HW�DO��������%OXQG\�HW�DO��������
%UXJJHU�DQG�+DPPHU�������)UH\�DQG�/DQJH��������,Q�DGGLWLRQ��
UDSLGO\�FRROHG�SODJLRFODVHV�DUH�REVHUYHG�DW�WKH�PDUJLQ�RI�VPDOO�
LQWUXVLRQV�DQG�WKH�RXWHUPRVW�SRUWLRQ�RI�ODYDV��8MLNH�������/RRPLV�
������&KLVW\DNRYD�DQG�/DW\SRY�������'HO�*DXGLR�HW�DO��������
0ROOR�HW�DO������D������E���7KLV�ODWWHU�SURFHVV�KDV�EHHQ�H[SHUL-
PHQWDOO\�LQYHVWLJDWHG�IRU�EDVLF�PDJPDV��+DPPHU�������0ROOR�
HW�DO������D���EXW�LV�VWLOO�SRRUO\�XQFRQVWUDLQHG�IRU�DQGHVLWLF�PHOWV�
ZKHUH�SODJLRFODVH�LV�E\�IDU�WKH�PRVW�DEXQGDQW�PLQHUDO��6LQFH�WKH�
FRROLQJ�UDWH�PD\�GLFWDWH�WKH�FRPSRVLWLRQDO�HYROXWLRQ�RI�SODJLR-
FODVH�LQ�DQGHVLWLF�ODYDV��7DPXUD�HW�DO��������0DWWLROL�HW�DO���������
LW�LV�LPSRUWDQW�WR�TXDQWLI\�WKLV�SURFHVV�IRU�GLVFULPLQDWLQJ�EHWZHHQ�
SUH��DQG�SRVW�HUXSWLRQ�VROLGLILFDWLRQ�FRQGLWLRQV�
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