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1)DFXOWDG�GH�&LHQFLDV��,JXi������HVTXLQD�0DWDRMR��0RQWHYLGHR��������8UXJXD\
OXFLD�ROLYHUD�LFKD]R#JPDLO�FRP

 (GLWRUHV��'UD��(OHQD�3HHO��06F��)HUQDQGR�6FDJOLD 
UHYLVWD#VRFLHGDGJHRORJLDX\�RUJ

3('(&,%$�,VLGRUR�GH�0DUtD�������SLVR���±�0RQWHYLGHR�±�8UXJXD\�7HO������������,QW����������

� ZZZ�VRFLHGDGJHRORJLDX\�RUJ

RESUMEN

(O�PDJPDWLVPR�GH�OD�&XHQFD�1RUWH�XUXJXD\D�HVWi�UHODFLRQDGR�D�OD�DSHUWXUD�GHO�2FpDQR�$WOiQWLFR�

6XU�KDFLD�HO�&UHWiFLFR�7HPSUDQR��/RV�UHJLVWURV�GH�HVWD�DFWLYLGDG�HVWiQ�UHSUHVHQWDGRV�SRU�GHUUDPHV�

GH�EDVDOWRV�WKROHtWLFRV�GH�OD�)RUPDFLyQ�$UDSH\��\�SRU�FXHUSRV�LQWUXVLYRV�Pi¿FRV�GH�OD�)RUPDFLyQ�

&XDUy��(VWXGLRV�UHFLHQWHV�VHxDODURQ�OD�H[LVWHQFLD�GH�URFDV�YROFiQLFDV�Pi¿FDV�HQ�ORV�DOUHGHGRUHV�

GH� 3HSH� 1~xH]� �6DOWR��� FRQ� UDVJRV� SHWURJUi¿FRV� \� JHRPRUIROyJLFRV� GLIHUHQWHV� D� ODV� XQLGDGHV�

YROFiQLFDV� PHVR]RLFDV� GH� OD� &XHQFD� 1RUWH�� 6H� SUHVHQWDQ� UHVXOWDGRV� GHO� HVWXGLR� PRUIROyJLFR��

WH[WXUDO��HVWUXFWXUDO�\�SHWURJUi¿FR�UHDOL]DGR�HQ�ORV�FXHUSRV�GHQRPLQDGRV�FRPR�FHUUR�GH�OD�9LUJHQ��

%RQLWR�\�3LFD]R��XELFDGRV���NP�DO�QRUWH�GH�OD�ORFDOLGDG�GH�3HSH�1~xH]��(VWRV�SUHVHQWDQ�DOWXUDV�

GH�KDVWD�����PHWURV�VREUH�HO�QLYHO�GHO�PDU��V�Q�P����\�XQD�JHRPHWUtD�FLUFXODU�D�HOLSVRLGDO�HQ�SODQWD��

/DV�URFDV�VRQ�DIDQtWLFDV��GH�FRORU�QHJUR�RVFXUR�\�PDVLYDV��FRQ�GHVDUUROOR�GH�GLV\XQFLyQ�FROXPQDU��

3HWURJUi¿FDPHQWH�� ORV� IHQRFULVWDOHV� GH� DXJLWD� \� GH� ROLYLQR�PDJQHVLDQR� HVWiQ� LQPHUVRV� HQ� XQD�

PDWUL]� ¿QD� GH� DXJLWD�� ROLYLQR�PDJQHVLDQR�� QHIHOLQD�� DSDWLWR� \�PLQHUDOHV� RSDFRV�� (O� HVWXGLR� FRQ�

0LFURVFRSLR�(OHFWUyQLFR�GH�%DUULGR�SHUPLWLy�OD�LGHQWL¿FDFLyQ�GH�QHIHOLQD�HQ�OD�PDWUL]��DVt�FRPR�OD�

FDUDFWHUL]DFLyQ�GH�PLQHUDOHV�RSDFRV��7L�PDJQHWLWD�\�SLULWD��/RV�WUHV�FXHUSRV�IXHURQ�FDUDFWHUL]DGRV�

FRPR� plugs� VXEYROFiQLFRV� FRPSXHVWRV� SRU� WHIULWDV� FRQ� QHIHOLQD�� VHJ~Q� ODV� FDUDFWHUtVWLFDV�

SHWURJUi¿FDV��HVWUXFWXUDOHV�\�PRUIROyJLFDV�TXH�UH~QHQ��$VLPLVPR�� ODV�UHODFLRQHV�GH�FDPSR�TXH�
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SUHVHQWDQ�FRQ�OD�)RUPDFLyQ�$UDSH\��\�OD�EDMD�WDVD�GH�HURVLyQ�UHVSHFWR�D�ORV�EDVDOWRV�FLUFXQGDQWHV��

VXJLHUHQ�TXH�HVWH�PDJPDWLVPR�DOFDOLQR�VHD�SRVWHULRU�D�HVWD�XQLGDG�JHROyJLFD�

Palabras clave: SHWURJUDItD��PDJPDWLVPR�DOFDOLQR��&XHQFD�1RUWH��8UXJXD\�

ABSTRACT

7KH�PDJPDWLVP�RI�WKH�8UXJXD\DQ�1RUWH�%DVLQ�LV�UHODWHG�WR�WKH�RSHQLQJ�RI�WKH�6RXWK�$WODQWLF�2FHDQ�

WRZDUGV�WKH�(DUO\�&UHWDFHRXV��7KH�UHFRUGV�RI�WKLV�DFWLYLW\�DUH�UHSUHVHQWHG�E\�WKROHLLWLF�EDVDOWLF�ÀRZV�

RI� WKH�$UDSH\�)RUPDWLRQ��DQG�E\�PD¿F� LQWUXVLYH�ERGLHV�RI� WKH�&XDUy�)RUPDWLRQ��5HFHQW� VWXGLHV�

SRLQW�RXW�WKH�H[LVWHQFH�RI�PD¿F�YROFDQLF�URFNV�DURXQG�3HSH�1~xH]��6DOWR���ZLWK�SHWURJUDSKLF�DQG�

JHRPRUSKRORJLFDO�IHDWXUHV�ZKLFK�GLIIHU�IURP�WKH�0HVR]RLF�YROFDQLF�XQLWV�RI�WKH�1RUWH�%DVLQ��7KLV�

FRQWULEXWLRQ�SUHVHQWV�WKH�UHVXOWV�RI�WKH�PRUSKRORJLFDO��WH[WXUDO��VWUXFWXUDO�DQG�SHWURJUDSKLF�VWXG\�

FDUULHG�RXW� LQ� WKH�ERGLHV�QDPHG�DV�'H� OD�9LUJHQ��%RQLWR�DQG�3LFD]R�KLOOV�� ORFDWHG���NP�QRUWK�RI�

3HSH�1~xH]�YLOODJH��7KH\�UHDFK�RXW�KHLJKWV�XS�WR�����PHWHUV�DERYH�VHD�OHYHO��D�V�O����DQG�D�FLUFXODU�

WR�HOOLSVRLGDO�JHRPHWU\�LQ�SODQ��7KH�URFNV�DUH�DSKDQLWLF��EODFN�FRORUHG��DQG�PDVVLYH�WH[WXUHG��ZLWK�

GHYHORSPHQW�RI�FROXPQDU�GLVMXQFWLRQ��3HWURJUDSKLFDOO\��WKH�SKHQRFU\VWV�RI�DXJLWH�DQG�PDJQHVLDQ�

ROLYLQH�DUH�LPPHUVHG�RQ�D�¿QH�PDWUL[�RI�DXJLWH��PDJQHVLDQ�ROLYLQH��QHSKHOLQH��DSDWLWH�DQG�RSDTXH�

PLQHUDOV��7KH�6FDQQLQJ�(OHFWURQ�0LFURVFRSH�VWXG\�DOORZHG� WKH� LGHQWL¿FDWLRQ�RI�QHSKHOLQH� LQ� WKH�

JURXQGPDVV�� DV� ZHOO� DV� WKH� FKDUDFWHUL]DWLRQ� RI� RSDTXH� PLQHUDOV�� 7L�PDJQHWLWH� DQG� S\ULWH�� 7KH�

WKUHH�ERGLHV�ZKHUH�FKDUDFWHUL]HG�DV�VXEYROFDQLF�plugs��DFFRUGLQJ�WR�VWUXFWXUDO�DQG�PRUSKRORJLFDO�

IHDWXUHV�WKDW�WKH\�JDWKHU��/LNHZLVH��WKH�¿HOG�UHODWLRQV�WKH\�SUHVHQW�ZLWK�WKH�$UDSH\�)RUPDWLRQ��DQG�

WKH�ORZ�HURVLRQ�UDWH�LQ�UHODWLRQ�ZLWK�WKH�VXUURXQGLQJ�EDVDOWV��VXJJHVW�WKDW�WKLV�DONDOLQH�PDJPDWLVP�

LV�VXEVHTXHQW�WR�WKLV�JHRORJLF�XQLW�

Keywords��SHWURJUDSK\��DONDOLQH�PDJPDWLVP��1RUWH�%DVLQ��8UXJXD\�
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INTRODUCCIÓN Y ANTECEDENTES

(O�PDJPDWLVPR�SUHVHQWH�HQ�OD�&XHQFD�1RUWH�XUXJXD\D�IRUPD�SDUWH�GH�XQR�GH�ORV�PD\RUHV�HYHQWRV�

HUXSWLYRV� D� QLYHO� LQWUDSODFD� FRQWLQHQWDO�� XELFiQGRVH� HQ� HO� H[WUHPR� VXU� GH� OD� 3URYLQFLD� 0DJPiWLFD�

3DUDQi���(WHQGHND��303�(��3HDWH���������)LJXUD�����(Q�6XGDPpULFD��HVWD�SURYLQFLD�tJQHD�FXEUH�XQ�

iUHD�DSUR[LPDGD�GH�����[���6�NP2��FRQ�UHJLVWURV�HQ�%UDVLO��3DUDJXD\��8UXJXD\�\�$UJHQWLQD��3LFFLULOOR�

HW�DO����������6H�HQFXHQWUD�SUHGRPLQDQWHPHQWH�FRQIRUPDGD�SRU�GHUUDPHV�GH�EDVDOWRV�\�SRU�FXHUSRV�

LQWUXVLYRV� Pi¿FRV�� GH� FDUiFWHU� WKROHtWLFR�� 6LQ� HPEDUJR�� H[LVWHQ� DEXQGDQWHV� UHJLVWURV� GH� DFWLYLGDG�

PDJPiWLFD� DOFDOLQD� FRHWiQHD� \� SRVWHULRU�� DO� HYHQWR� PDJPiWLFR� SULQFLSDO� GH� QDWXUDOH]D� WKROHtWLFD��

FDUDFWHUL]DGRV�SRU�VX�JUDQ�GLYHUVLGDG�GHVGH�HO�SXQWR�GH�YLVWD�FRPSRVLFLRQDO��8OEULFK�\�*RPHV��������

FIGURA 1��'LVWULEXFLyQ�GH�303�(�HQ�UHODFLyQ�DO�ULIW�SURWR�$WOiQWLFR��ODWLWXG�\�ORQJLWXG�DFWXDO����0X]LR�������
PRGL¿FDGR�GH�3HDWH�������

FIGURE 1��'LVWULEXWLRQ�RI�303�(�LQ�UHODWLRQ�WR�WKH�SURWR�$WODQWLF�ULIW��SUHVHQW�ODWLWXGH�DQG�ORQJLWXGH����0X]LR�������
PRGL¿HG�DIWHU�3HDWH�������
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0LOQHU�HW�DO���������+XDQJ�HW�DO���������HQWUH�RWURV�DXWRUHV��

(VWRV� UHJLVWURV�� DVRFLDGRV� SULQFLSDOPHQWH� D� ORV� HYHQWRV� WHFWRQR�PDJPiWLFRV� GHO� &UHWiFLFR�

7HPSUDQR��VH�HQFXHQWUDQ�UHSUHVHQWDGRV�SRU�URFDV�IpOVLFDV�LQVDWXUDGDV�HQ�6L22��IRQROLWDV��D�VLHQLWDV�

QHIHOtQLFDV���\�VREUHVDWXUDGDV�HQ�6L22�GH�PDQHUD�VXERUGLQDGD��FXDU]R�VLHQLWDV�\�JUDQLWRV���DGLFLRQDQGR�

OD�H[LVWHQFLD�GH�URFDV�DOFDOLQDV�Pi¿FDV��EDVDQLWDV��DQNDUDPLWDV��JDEURV��FDUERQDWLWDV�\�NLPEHUOLWDV��

�)OHWFKHU�\�%HGGRH�6WHSKHQV��������%HFFDOXYD�HW�DO���������7R\RGD�HW�DO���������+XDQJ�HW�DO���������

&RPLQ�&KLDUDPRQWL� HW� DO��� ������ *LEVRQ� HW� DO��� ������ 0RUELGHOOL� HW� DO��� ������ /XVWULQR� HW� DO��� ������

&RQFHLomR�HW�DO��������

(Q� 8UXJXD\�� XQD� GH� ODV� RFXUUHQFLDV� DOFDOLQDV� DVRFLDGDV� DO� PDJPDWLVPR� &UHWiFLFR�� ORFDOL]DGD�

HQ� OD� UHJLyQ�6(�GHO� SDtV�� HV�HO�PDFL]R�$OFDOLQR�GH�9DOOH�&KLFR� FRQIRUPDGR�SRU� URFDV�SOXWyQLFDV� \�

YROFiQLFDV� VREUHVDWXUDGDV� HQ� 6L22� �/XVWULQR� HW� DO��� ������� (VWRV� DXWRUHV� LQGLFDQ� HGDGHV� .�$U� GH�

������0D��EDVDOWR��URFD�WRWDO���\�GH���������0D��ULROLWD��URFD�WRWDO���$�VX�YH]��H[LVWHQ�RWURV�UHJLVWURV�

GH�RFXUUHQFLDV�DOFDOLQDV�VXEDOFDOLQDV�ORFDOL]DGRV�GHQWUR�GHO�FRUUHGRU�WHFWyQLFR�6DQWD�/XFtD�±�$LJXi�±�

0HUtQ���6D/$0��5RVVHOOR�HW�DO���������\�FHUFDQRV�D�OD�/DJXQD�0HUtQ��UHSUHVHQWDGRV�SRU�WUDTXLDQGHVLWDV�

\�WUDTXLGDFLWDV�DJUXSDGDV�FRPR�6HULH�DOFDOLQD�/DVFDQR��SUHVHQWDQGR�HGDGHV�HQWUH�����\�����0D��40$U�

��$U��HQ�SODJLRFODVDV���&HUQXVFKL�HW�DO���������

/DV� SULQFLSDOHV� H[SUHVLRQHV� YROFiQLFDV� \� VXEYROFiQLFDV�� YLQFXODGDV� D� OD� 3URYLQFLD� 0DJPiWLFD�

3DUDQi�� VH� HQFXHQWUDQ� UHSUHVHQWDGDV� SRU� OD� )RUPDFLyQ� $UDSH\� �%RVVL�� ������� \� SRU� ORV� FXHUSRV�

KLSRDELVDOHV��GLTXHV�\�VLOOV��FRUUHVSRQGLHQWHV�D�OD�)RUPDFLyQ�&XDUy��3UHFLR]]L�HW�DO����������)LJXUD�����

DPEDV�XQLGDGHV�GH�QDWXUDOH]D�TXtPLFD�WKROHtWLFD��7XUQHU�HW�DO��������0X]LR�HW�DO���������'HQWUR�GHO�iUHD�

GH�HVWXGLR��OD�SULQFLSDO�XQLGDG�YROFiQLFD�DÀRUDQWH�HV�OD�)RUPDFLyQ�$UDSH\��FDUDFWHUL]DGD�SRU�GHUUDPHV�

EDViOWLFRV� FRQ� WH[WXUDV� HTXLJUDQXODUHV� \� PLFURSRU¿UtWLFDV�� RItWLFDV� D� VXERItWLFDV� H� LQWHUVHUWDOHV��

RFDVLRQDOPHQWH�LQWHUGLJLWDGRV�FRQ�ODV�DUHQLVFDV�HyOLFDV�GH�OD�)RUPDFLyQ�7DFXDUHPEy��%RVVL���������

/D�PLQHUDORJtD�GH�HVWDV�URFDV�YROFiQLFDV�HV��SODJLRFODVD��SLUR[HQR���ROLYLQR���KRUQEOHQGD���FXDU]R���

PLQHUDOHV�RSDFRV��%RVVL�\�6FKLSLORY���������FRQ�HGDGHV�HQWUH�����������\�����������0D��40$U���$U�HQ�

SODJLRFODVDV��)pUDXG�HW�DO���������

(VWXGLRV�UHFLHQWHV�UHDOL]DGRV�SRU�6RWR��������\�(JXtD���������KDQ�VHxDODGR�OD�H[LVWHQFLD�GH�³OLWRWLSRV�

\�HVWUXFWXUDV�SRFR� IUHFXHQWHV´�SDUD� OD�)RUPDFLyQ�$UDSH\��SDUWLFXODUPHQWH�HQ� ORV�DOUHGHGRUHV�GH� OD�

ORFDOLGDG�GH�3HSH�1~xH]��(�GHO�GHSWR��GH�6DOWR���6RWR���������UHDOL]D�XQD�SULPHUD�GHVFULSFLyQ�GH�HVWRV�
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FXHUSRV�TXH�DOFDQ]DQ�FRWDV�FHUFDQDV�D�ORV�����PHWURV�VREUH�HO�QLYHO�GHO�PDU��V�Q�P����VLHQGR�GHVFULWRV�

FRPR�EDVDOWRV�DIDQtWLFRV�GH�FRORU�QHJUR��7UDEDMRV�SRVWHULRUHV�LQLFLDGRV�SRU�2OLYHUD�HW�DO���������\�0X]LR�

HW�DO����������FRQ¿UPDQ�ORV�SULPHURV�GDWRV�GH�XQ�HYHQWR�YROFiQLFR�DOFDOLQR�HQ�WUHV�SXQWRV�GH�HVWD�]RQD��

2OLYHUD���������UHDOL]D�XQ�HVWXGLR�SHWUROyJLFR�GHWDOODGR�GH�HVWRV�FXHUSRV��FRQRFLGRV�ORFDOPHQWH�FRPR�

&HUUR�GH�OD�9LUJHQ��&HUUR�%RQLWR�\�&HUUR�3LFD]R�

(O� REMHWLYR� GHO� SUHVHQWH� WUDEDMR� HV� SUHVHQWDU� ORV� UHVXOWDGRV� GHO� DQiOLVLV�PRUIROyJLFR�� HVWUXFWXUDO�

\� WH[WXUDO�PLQHUDOyJLFR� GH� ODV� URFDV� TXH� FRQIRUPDQ� ORV� FXHUSRV� GHQRPLQDGRV� FRPR� &HUUR� GH� OD�

9LUJHQ�&HUUR�%RQLWR�\�&HUUR�3LFD]R��3DUD�HOOR��VH�UHDOL]DURQ�SHU¿OHV�HQ�FDPSR�GH�FDGD�XQR�GH�HOORV��

UHOHYDPLHQWRV� GH� GDWRV� HVWUXFWXUDOHV� \� HVWXGLRV� SHWURJUi¿FRV�� $� VX� YH]�� VH� DxDGH� OD� GHVFULSFLyQ�

SHWURJUi¿FD�GHO�GHQRPLQDGR�&HUUR�&KDUU~D�� ORFDOL]DGR�D���NP�GH�OD�]RQD�GH�WUDEDMR��FRRUGHQDGDV��

�����¶�����´�6�±������¶�����´�:���GHELGR�D�TXH�6RWR��������VHxDOD�TXH�HO�PLVPR�SUHVHQWD�DÀRUDPLHQWRV�

FIGURA 2��0DJPDWLVPR�0HVR]RLFR�HQ�&XHQFD�1RUWH��0RGL¿FDGR�GH�0X]LR�HW�DO���������
FIGURE 2��0HVR]RLF�PDJPDWLVP�LQ�WKH�1RUWH�%DVLQ��0RGL¿HG�IURP�0X]LR�HW�DO���������
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FRQ�FDUDFWHUtVWLFDV�PRUIROyJLFDV�VLPLODUHV�D�ORV�WUHV�FXHUSRV�GH�SULQFLSDO�LQWHUpV�HQ�HO�SUHVHQWH�HVWXGLR�

METODOLOGÍA

3DUD�OD�FDUDFWHUL]DFLyQ�SHWURJUi¿FD�VH�FRQIHFFLRQDURQ����OiPLQDV�GHOJDGDV��VLHWH�SDUD�HO�&HUUR�GH�

OD�9LUJHQ��FLQFR�SDUD�HO�&HUUR�%RQLWR��QXHYH�SDUD�HO�&HUUR�3LFD]R��\�GRV�OiPLQDV�GHOJDGDV�SDUD�HO�&HUUR�

&KDUU~D���SDUD�VX�DQiOLVLV�FRQ�PLFURVFRSLR�SHWURJUi¿FR�1,.21�(FOLSVH���L32/�FRQ�FiPDUD�IRWRJUi¿FD�

DFRSODGD� 1,.21� '6�)L��� �,QVWLWXWR� GH� &LHQFLDV� *HROyJLFDV�� )DFXOWDG� GH� &LHQFLDV�� 8UXJXD\��� /D�

DEXQGDQFLD�UHODWLYD�GH�ORV�FULVWDOHV�SUHVHQWHV�IXH�HVWLPDGD�D�SDUWLU�GH�FRPSDUDGRUHV�YLVXDOHV��7HUU\�

\�&KLOLQJDU��������3KLOSRWWV���������\�OD�FRPSRVLFLyQ�GH�SODJLRFODVDV�SUHVHQWHV�IXH�GHWHUPLQDGD�SRU�HO�

PpWRGR�GH�0LFKHO�/HY\��.HUU��������

$GHPiV��VH�FRQIHFFLRQDURQ���EORTXHV�GH�URFD�SXOLGRV��GLPHQVLRQHV����FP�[���FP�[�����FP���SDUD�

OD�FDUDFWHUL]DFLyQ�PLQHUDOyJLFD��\�HVSHFt¿FDPHQWH��OD�LGHQWL¿FDFLyQ�GH�ORV�FULVWDOHV�TXH�FRPSRQHQ�OD�

PDWUL]�\�PLQHUDOHV�RSDFRV�SUHVHQWHV��XWLOL]DQGR�0LFURVFRSLR�(OHFWUyQLFR�GH�%DUULGR�6(0�('6��-(2/�

-60�����OY��)DFXOWDG�GH�&LHQFLDV��8UXJXD\���/RV�HVSHFWURV�GH�UD\RV�;�REWHQLGRV�VREUH�ORV�GLIHUHQWHV�

FULVWDOHV�� GXUDQWH� HO� DQiOLVLV� HQ� HO� 6(0�('6�� IXHURQ� FRPSDUDGRV� FRQ� HVWiQGDUHV� GH� PLQHUDOHV�

SUHVHQWHV�HQ�6HYHULQ��������\�5HHG��������

GEOLOGÍA DEL ÁREA

(O� iUHD� GHO� HVWXGLR� VH� HQFXHQWUD� XELFDGD� �� NP� DO� QRUWH� GH� OD� ORFDOLGDG� GH� 3HSH�1~xH]�� HQ� HO�

GHSDUWDPHQWR� GH� 6DOWR� �)LJXUD� �$��� HQWUH� ORV� SDUDOHORV� �����¶�����´� 6� ±� �����¶�����´� 6�� \� ORV�

PHULGLDQRV������¶�����´�:�±������¶�����´�:��/RV�FXHUSRV�GH� LQWHUpV�VH�HQFXHQWUDQ� URGHDGRV�SRU�

GHUUDPHV�GH�EDVDOWRV� WKROHtWLFRV�FRUUHVSRQGLHQWHV�D� OD�)RUPDFLyQ�$UDSH\� �)LJXUD��%��� LQWHUFDODGRV�

RFDVLRQDOPHQWH� FRQ�DUHQLVFDV�HyOLFDV�GH� OD�)RUPDFLyQ�7DFXDUHPEy� �%RVVL�� �������(Q�HVWD� UHJLyQ��

OD�)RUPDFLyQ�$UDSH\�VH�FDUDFWHUL]D�SRU�JHQHUDU�UHOLHYH�OHYHPHQWH�RQGXODGR��\�GLIHUHQWHV�WHUUD]DV�GH�

GHUUDPHV�EDViOWLFRV��(VWDV� URFDV�SRVHHQ�FRORUHV�JULVHV�D�YLROiFHRV��JHQHUDOPHQWH�H[KLEHQ� WH[WXUD�

DIDQtWLFD��RFDVLRQDOPHQWH�SRU¿UtWLFD�� VRQ�YDFXRODUHV�\�DPLJGDORLGHV�� FRQ�FHROLWD�\�FHODGRQLWD�FRPR�

UHOOHQR�SULQFLSDO�GH�ODV�FDYLGDGHV�

/DV� FDUDFWHUtVWLFDV� HVWUXFWXUDOHV�� WH[WXUDOHV� \� PRUIROyJLFDV� TXH� SUHVHQWDQ� HVWRV� FXHUSRV� VRQ�
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FRKHUHQWHV�FRQ�OD�PD\RUtD�GH�ORV�UDVJRV�SUHVHQWDGRV�SRU�5RDFK�HW�DO���������SDUD�plugs��GLV\XQFLyQ�

FROXPQDU��DOLQHDPLHQWR�GH�IHQRFULVWDOHV��SUHVHQWDQ�PD\RU�FDQWLGDG�GH�[HQROLWRV�[HQRFULVWDOHV�TXH�ORV�

ÀXMRV�GH�ODYD�TXH�ORV�URGHDQ��VRQ�SHWURJUi¿FDPHQWH�GLIHUHQWHV�D�ORV�GHUUDPHV�GH�ODYD�FLUFXQGDQWHV��

SRVHHQ�XQD�PHQRU�WDVD�GH�PHWHRUL]DFLyQ�TXH�ODV�OLWRORJtDV�FHUFDQDV��SRVHHQ�WRSH�UHGRQGHDGR��VRQ�

FLUFXODUHV�D�HOLSVRLGDOHV�HQ�SODQWD��\�HVWiQ�SRVLEOHPHQWH�DVRFLDGRV�D� OLQHDPLHQWRV�H[LVWHQWHV�HQ�HO�

FIGURA 3��$��/RFDOL]DFLyQ�JHQHUDO��iUHD�GH�HVWXGLR�HQ�UHFXDGUR�URMR��%��0DSD�JHROyJLFR�VLPSOL¿FDGR�GHO�iUHD�
GH�HVWXGLR��PRGL¿FDGR�GH�6RWR���������&��,PDJHQ�VDWHOLWDO�GH�ORV�WUHV�FXHUSRV�HVWXGLDGRV��FRQ�VXV�UHVSHFWLYRV�

GLiPHWURV��GLiPHWUR�PD\RU�HQ�URMR��GLiPHWUR�PHQRU�HQ�DPDULOOR������Plug�&HUUR�GH�OD�9LUJHQ�����Plug�&HUUR�%RQLWR��
���Plug�&HUUR�3LFD]R��)XHQWH��*RRJOH�(DUWK��������

FIGURE 3��$��*HQHUDO�ORFDWLRQ��VWXG\�DUHD�LQ�UHG�ER[��%��6LPSOL¿HG�JHRORJLFDO�PDS�RI�WKH�VWXG\�DUHD��PRGL¿HG�
IURP�6RWR���������&��6DWHOOLWH�LPDJH�RI�WKH�WKUHH�VWXGLHG�ERGLHV��ZLWK�WKHLU�UHVSHFWLYH�GLDPHWHUV��PDMRU�GLDPHWHU�LQ�
UHG��PLQRU�GLDPHWHU�LQ�\HOORZ������3OXJ�9LUJHQ�KLOO�����3OXJ�%RQLWR�KLOO�����3OXJ�3LFD]R�KLOO��*RRJOH�(DUWK��������
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EDVDPHQWR��/RV�plugs�HVWXGLDGRV�SRVHHQ�IRUPD�FLUFXODU�D�HOLSVRLGDO�HQ�SODQWD��)LJXUD��&���DOFDQ]DQGR�

DOWXUDV�GH�����D�����PHWURV��V�Q�P����VLHQGR�OD�FRWD�GH�EDVH�GHO�iUHD�GH�HVWXGLR�GH�����PHWURV��V�Q�P����

DSUR[LPDGDPHQWH��/RV�plugs�GHQRPLQDGRV� ORFDOPHQWH�FRPR�&HUUR�%RQLWR� �GLiPHWUR�GH�����PHWURV�

�V�Q�P����\�&HUUR�3LFD]R��GLiPHWUR�GH�����PHWURV��V�Q�P�����WLHQHQ�IRUPD�FLUFXODU�\�WRSH�UHGRQGHDGR��6LQ�

HPEDUJR��HO�SOXJ�FRUUHVSRQGLHQWH�DO�&HUUR�GH�OD�9LUJHQ�SUHVHQWD�IRUPD�HOLSVRLGDO��FRQ�XQ�HMH�PD\RU�HQ�

VHQWLGR�1:�6(�GH�����PHWURV�GH�ORQJLWXG�DSUR[LPDGD��V�Q�P���\�XQ�HMH�PHQRU�GH�����PHWURV��V�Q�P���

HQ�VHQWLGR�1(�6:��(O�FXHUSR�GHQRPLQDGR�&HUUR�&KDUU~D�SUHVHQWD�IRUPD�FDVL�FLUFXODU��FRQ�XQD�DOWXUD�

DSUR[LPDGD�GH�����PHWURV��V�Q�P����\����PHWURV�GH�GLiPHWUR��V�Q�P����/DV�UHODFLRQHV�GH�FRQWDFWR�HQWUH�

ORV�plugs�\�ORV�GHUUDPHV�GH�OD�)RUPDFLyQ�$UDSH\�QR�IXHURQ�REVHUYDGDV�HQ�FDPSR�GHELGR�D�OD�FREHUWXUD�

GH�VXHOR�\�GHSyVLWRV�GH�FROXYLyQ�SUHVHQWHV�HQ�OD�EDVH�GH�FDGD�XQR�GH�HOORV�

(O� FRQMXQWR� GH�plugs� HVWXGLDGRV� SUHVHQWD�� GHVGH� HO� SXQWR� GH� YLVWD� HVWUXFWXUDO�� HO� GHVDUUROOR� GH�

FIGURA 4��$��9LVWD�ODWHUDO�GH�OD�GLV\XQFLyQ�FROXPQDU�SUHVHQWH�HQ�HO�plug�&HUUR�GH�OD�9LUJHQ��%��9LVWD�HQ�SODQWD�GH�
IUDFWXUDFLyQ�SROLJRQDO���KH[DJRQDO�HQ�HO�plug�&HUUR�GH�OD�9LUJHQ��&��%DVHV�KH[DJRQDOHV�HQ�GLV\XQFLyQ�FROXPQDU�

del plug�&HUUR�%RQLWR��'��)UDFWXUDFLyQ�SROLJRQDO�D�KH[DJRQDO�D�QLYHO�GHO�VXHOR��HQ�plug�&HUUR�3LFD]R�
FIGURE 4��$��/DWHUDO�YLHZ�RI�WKH�FROXPQDU�GLVMXQFWLRQ�SUHVHQW�LQ�WKH�&HUUR�GH�OD�9LUJHQ�SOXJ��%��3ODQ�YLHZ�RI�WKH�
SRO\JRQDO���KH[DJRQDO�IUDFWXULQJ�LQ�WKH�9LUJHQ�+LOO�SOXJ��&��+H[DJRQDO�EDVHV�LQ�FROXPQDU�GLVMXQFWLRQ�RI�WKH�%RQLWR�

+LOO�SOXJ��'��3RO\JRQDO�WR�KH[DJRQDO�IUDFWXUH�DW�JURXQG�OHYHO��LQ�3LFD]R�+LOO�SOXJ�
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GLV\XQFLyQ�FROXPQDU��JHQHUDQGR�HQ�SODQWD�GLYHUVDV�VHFFLRQHV�SROLJRQDOHV��VLHQGR�HO�&HUUR�GH�OD�9LUJHQ�

HO�TXH�PHMRU�SUHVHQWD�HVWD�FDUDFWHUtVWLFD��)LJXUD��$�\��%���(Q�HVWH�~OWLPR��VH�HQFXHQWUDQ�FXDWUR�QLYHOHV�

GH�FROXPQDV�GH�KDVWD�XQ�PHWUR�GH�DOWXUD�SRU�HQFLPD�GHO�QLYHO�GHO�VXHOR��V�Q�P����(O�plug�&HUUR�%RQLWR�

SRVHH�GLV\XQFLyQ�FROXPQDU�KDFLD�HO�WRSH��H[KLELHQGR�EDVHV�KH[DJRQDOHV�SHUIHFWDPHQWH�GHVDUUROODGDV�

�)LJXUD��&���VLQ�HPEDUJR��HO�&HUUR�3LFD]R�SREUHPHQWH�PDQL¿HVWD�XQD�IUDFWXUDFLyQ�SROLJRQDO�LUUHJXODU�D�

QLYHO�GHO�VXHOR��)LJXUD��'���/DV�GLPHQVLRQHV�TXH�SUHVHQWDQ�HVWDV�HVWUXFWXUDV�SROLJRQDOHV�YDUtDQ�HQ�ORV�

WUHV�FXHUSRV�HVWXGLDGRV�HQWUH����\����FP�

(Q�PXHVWUD�GH�PDQR�\�HQ�DÀRUDPLHQWR��ODV�URFDV�SHUWHQHFLHQWHV�D�ORV�plugs�VRQ�GH�FRORU�QHJUR�\�

PDVLYDV��FRQ�WH[WXUD�DIDQtWLFD��KLSRFULVWDOLQD��SUHVHQWDQGR�RFDVLRQDOPHQWH�IHQRFULVWDOHV�GH�SLUR[HQR�

�)LJXUD��$���$�VX�YH]��VH�LGHQWL¿FDURQ�[HQROLWRV�[HQRFULVWDOHV�GH�KDVWD���FP�GH�GLiPHWUR��GH�FRORU�YHUGH�

�)LJXUD��%���/DV�URFDV�TXH�FRQIRUPDQ�HO�FXHUSR�GHO�&HUUR�&KDUU~D�SUHVHQWDQ�WH[WXUD�DIDQtWLFD�\�VRQ�GH�

FRORU�JULV�RVFXUR�FRQ�WRQDOLGDGHV�URML]DV�

RESULTADOS

&RPR�UHVXOWDGR�GHO�DQiOLVLV�SHWURJUi¿FR��VH�REVHUYD�TXH�ODV�URFDV�SUHVHQWHV�HQ�ORV�plugs�H[KLEHQ�

WH[WXUD� LQHTXLJUDQXODU� SRU¿UtWLFD� �)LJXUD� �$��� RFDVLRQDOPHQWH� JORPHURSRU¿UtWLFD�� VXELGLRPyU¿FD� D�

LGLRPyU¿FD�\�� VHJ~Q�VX�JUDGR�GH�FULVWDOLQLGDG�REVHUYDGR�HQ� OiPLQD�GHOJDGD��VH�FDUDFWHUL]DQ�FRPR�

KLSRFULVWDOLQDV�� /RV� IHQRFULVWDOHV� SUHVHQWHV�� IXHURQ� LGHQWL¿FDGRV� FRPR� FULVWDOHV� GH� DXJLWD� �)LJXUD�

FIGURA 5��$��)HQRFULVWDO�GH�SLUR[HQR�HQ�PXHVWUD�GHO�&HUUR�%RQLWR��%��;HQRFULVWDO���;HQROLWR�HQ�PXHVWUDV�GHO�
&HUUR�3LFD]R�

FIGURE 5��$��3\UR[HQH�SKHQRFU\VW�LQ�D�VDPSOH�IURP�%RQLWR�+LOO��%��;HQRFU\VWDO���;HQROLWH�LQ�3LFD]R�+LOO�VDPSOHV�
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�%���\�ROLYLQR��/D�DXJLWD�FRUUHVSRQGH�D�ORV�IHQRFULVWDOHV�GH�PD\RU�WDPDxR��HQWUH������PP�\���PP���\�

DEXQGDQFLD��������VLHQGR�OD�PLVPD�VXEDXWRPRUID�D�DXWRPRUID��/RV�IHQRFULVWDOHV�GH�ROLYLQR�SUHVHQWDQ�

XQ�WDPDxR�HQWUH������PP�D������PP��\�XQD�DEXQGDQFLD�GH�XQ�����HO�PLVPR�HV�[HQRPRUIR���)LJXUD�

FIGURA 6. $��7H[WXUD�LQHTXLJUDQXODU�SRU¿UtWLFD��/X]�SRODUL]DGD�SODQD���%��)HQRFULVWDO�DXWRPRUIR�GH�DXJLWD�\�
FULVWDO�[HQRPRUIR�GH�ROLYLQR��/X]�SRODUL]DGD�SODQD���&��)HQRFULVWDOHV�GH�ROLYLQR�\�DXJLWD��3RODUL]DGRUHV�FUX]DGRV���
'��0DWUL]�FRQIRUPDGD�SRU�DXJLWD��PLQHUDOHV�RSDFRV�\�YLGULR�HQ�FRORU�PDUUyQ��/X]�SRODUL]DGD�SODQD���(��7H[WXUD�GH�
ÀXMR��3RODUL]DGRUHV�FUX]DGRV���)��9DFXROD�UHOOHQD�SRU�FDUERQDWR�GH�FDOFLR��/X]�SRODUL]DGD�SODQD���5HIHUHQFLDV��

DXJLWD��$XJ���ROLYLQR��2O���PLQHUDO�RSDFR��2S���FDUERQDWR��&E��
FIGURE 6��$��3RUSK\ULWLF�WH[WXUH��3ODQH�SRODUL]HG�OLJKW���%��(XKHGUDO�SKHQRFU\VW�RI�DXJLWH�DQG�[HQRPRUSKLF�

FU\VWDO�RI�ROLYLQH��3ODQH�SRODUL]HG�OLJKW���&��2OLYLQH�DQG�DXJLWH�SKHQRFU\VWV��&URVV�SRODUL]HG�OLJKW���'��*URXQGPDVV�
FRPSRVHG�E\�DXJLWH��RSDTXH�PLQHUDOV�DQG�EURZQ�JODVV��3ODQH�SRODUL]HG�OLJKW���(��)ORZ�WH[WXUH��&URVV�SRODUL]HG�
OLJKW���)��9DFXROH�¿OOHG�ZLWK�FDOFLXP�FDUERQDWH��3ODQH�SRODUL]HG�OLJKW���5HIHUHQFHV��DXJLWH��$XJ���ROLYLQH��2O���

RSDTXH�PLQHUDO��2S���FDUERQDWH��&E��
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�&���$�VX�YH]��VH�HQFRQWUDURQ�PLQHUDOHV�RSDFRV�GH�WDPDxRV�YDULDEOHV��HQFRQWUDQGR�XQ�FRQMXQWR�GH�

FULVWDOHV�PD\RUHV��GH�HQWUH������PP�D������PP��\�XQ�FRQMXQWR�GH�FULVWDOHV�PHQRUHV�GH�HQWUH������PP�D�

�����PP��/D�PDWUL]��SUHVHQWD�FULVWDOHV�FRQ�WDPDxR�HQWUH������PP�D������PP��VH�HQFXHQWUD�FRQIRUPDGD�

HQ�WpUPLQRV�GH�DEXQGDQFLD�GHFUHFLHQWH��SRU�FULVWDOHV�SULVPiWLFRV�GH�DXJLWD�VXEDXWRPRUID��PLQHUDOHV�

RSDFRV�GH�VHFFLRQHV� WDEXODUHV�\�SVHXGRKH[DJRQDOHV� �DSUR[LPDGDPHQWH�XQ�����GHO� YROXPHQ� WRWDO�

PRGDO���)LJXUD��'���ROLYLQR�[HQRPRUIR��\�DSDWLWR�DXWRPRUIR��&RPR�FDUDFWHUtVWLFD�WH[WXUDO�SDUWLFXODU�VH�

GHVWDFD�OD�SUHVHQFLD�GH�IHQRFULVWDOHV�GH�DXJLWD�DOLQHDGRV��)LJXUD��(���JHQHUDQGR�WH[WXUD�GH�ÀXMR��D�

VX�YH]��HV�FRP~Q�OD�SUHVHQFLD�GH�YDFXRODV�\�YDFXRODV�UHOOHQDV�SDUFLDOPHQWH�SRU�FDUERQDWR�GH�FDOFLR�

�)LJXUD��)���DGTXLULHQGR�WH[WXUD�YDFXRODU�\�DPLJGDORLGH�

/DV�OLWRORJtDV�PXHVWUHDGDV�HQ�OD�EDVH�GHO�&HUUR�3LFD]R�\�HQ�OD�EDVH�GHO�&HUUR�GH�OD�9LUJHQ��FRQ�QLYHO�

GH�EDVH�HQ�FRWDV�PHQRUHV�D�����PHWURV��V�Q�P���\�����PHWURV��V�Q�P����UHVSHFWLYDPHQWH��SUHVHQWDQ�XQD�

WH[WXUD� KLSRFULVWDOLQD�� LQHTXLJUDQXODU� SRU¿UtWLFD� \� VXELGLRPyU¿FD�� /RV� IHQRFULVWDOHV�PiV� DEXQGDQWHV�

�HQ�XQ�������FRUUHVSRQGHQ�D�FULVWDOHV�GH�DXJLWD�GH�KDVWD������PP�GH�WDPDxR��VLHQGR�[HQRPRUIRV�D�

VXEDXWRPRUIRV��)LJXUD��$���ORV�IHQRFULVWDOHV�DXWRPRUIRV�GH�SODJLRFODVD�SRVHHQ�XQ�WDPDxR�GH�KDVWD�

�����PP��SUHVHQWDQ�XQD�DEXQGDQFLD�GH�XQ������\�FRUUHVSRQGHQ�D�OD�YDULHGDG�DQGHVLQD�ODEUDGRULWD�

�YDORUHV�PHGLRV� $Q50��� \� VXHOHQ� JHQHUDU� WH[WXUD� JORPHURSRU¿UtWLFD� �)LJXUD� �%��� $GHPiV�� SUHVHQWDQ�

PLQHUDOHV� RSDFRV� FRQ� XQ� WDPDxR� GH� KDVWD� ����� PP�� VLHQGR� ORV� PLVPRV� [HQRPRUIRV� \� FRQ� XQD�

DEXQGDQFLD�GH�KDVWD�XQ�����/D�PDWUL]��GH�KDVWD������PP��HVWi�FRPSXHVWD�SRU�SODJLRFODVD�DXWRPRUID��

DXJLWD� VXEDXWRPRUID� D� [HQRPRUID�� PLQHUDOHV� RSDFRV� [HQRPRUIRV� D� VXEDXWRPRUIRV� GH� VHFFLRQHV�

UHFWDQJXODUHV�� \� ROLYLQR� [HQRPRUIR� FRPSOHWDPHQWH� DOWHUDGR� D� LGGLQJVLWD�� �)LJXUD� �&� \� �'��� &RPR�

FDUDFWHUtVWLFD�SDUWLFXODU��ODV�URFDV�SUHVHQWDQ�WH[WXUD�YDFXRODU�\�DPLJGDORLGH��)LJXUD��(���FRP~QPHQWH�

VH�REVHUYDQ�YDFXRODV�UHOOHQDV�GH�FDUERQDWR�GH�FDOFLR��\�D�VX�YH]��OD�SUHVHQFLD�GH�WH[WXUD�LQWHUVHUWDO��

VXERItWLFD�SUHGRPLQDQGR�IUHQWH�D�OD�RItWLFD�

/DV�URFDV�TXH�FRQIRUPDQ�HO�&HUUR�&KDUU~D��SUHVHQWDQ�WH[WXUD�LQHTXLJUDQXODU�SRU¿UtWLFD��VXELGLRPyU¿FD�

H�KLSRFULVWDOLQD��/D�PLQHUDORJtD�HVWi�GDGD�SRU�IHQRFULVWDOHV�GH�KDVWD������PP�GH�SODJLRFODVD�DXWRPRUID�

\� WDEXODU� �DQGHVLQD�� YDORUHV� PHGLRV� $Q�������� \� IHQRFULVWDOHV� GH� FOLQRSLUR[HQR� VXEDXWRPRUIRV� GH�

KDVWD������PP��RFDVLRQDOPHQWH��VH�REVHUYDQ�FULVWDOHV�LQWHUVWLFLDOHV�WDUGtRV�GH�FXDU]R�[HQRPRUIR�GH�

KDVWD������PP���)LJXUD��$���/RV�IHQRFULVWDOHV�GH�FOLQRSLUR[HQR�\�SODJLRFODVD�VXHOHQ�JHQHUDU�WH[WXUD�

JORPHURSRU¿UtWLFD��VXERItWLFD�H� LQWHUVHUWDO�� �)LJXUD��%���(VWRV�VH�HQFXHQWUDQ� LQPHUVRV�HQ�XQD�PDWUL]�
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FIGURA 7��$��)HQRFULVWDOHV�GH�DXJLWD�\�SODJLRFODVD��HQ�PXHVWUD�GH�OD�EDVH�GHO�plug�&HUUR�GH�OD�9LUJHQ�
�3RODUL]DGRUHV�FUX]DGRV���%��7H[WXUD�JORPHURSRU¿UtWLFD�GH�IHQRFULVWDOHV�GH�SODJLRFODVD��HQ�PXHVWUD�GH�OD�EDVH�GHO�
plug�&HUUR�3LFD]R��3RODUL]DGRUHV�FUX]DGRV���&��0DWUL]�FRQIRUPDGD�SRU�DXJLWD�\�RSDFRV��EDVH�GHO�plug Cerro de la 
9LUJHQ��/X]�SRODUL]DGD�SODQD���'��0DWUL]�FRPSXHVWD�SRU�RSDFRV��SODJLRFODVD�\�ROLYLQR�DOWHUDGR�D�LGGLQJVLWD��EDVH�

del plug�&HUUR�3LFD]R��/X]�SRODUL]DGD�SODQD���(��7H[WXUD�YDFXRODU��/X]�SRODUL]DGD�SODQD���5HIHUHQFLDV��DXJLWD�
�$XJ���SODJLRFODVD��3O���ROLYLQR��2O���PLQHUDOHV�RSDFRV��2S���

FIGURE 7.�$��$XJLWH�DQG�SODJLRFODVH�SKHQRFU\VWV��LQ�VDPSOH�IURP�WKH�EDVH�RI�WKH�9LUJHQ�+LOO�SOXJ��&URVV�
polarized light). B) Glomeroporphyritic texture with plagioclase phenocrysts, in a sample from the base of the 

3LFD]R�+LOO�SOXJ��&URVV�SRODUL]HG�OLJKW���&��*URXQGPDVV�FRPSRVHG�E\�DXJLWH�DQG�RSDTXH�PLQHUDOV��IURP�WKH�EDVH�
RI�WKH�9LUJHQ�+LOO�SOXJ��3ODQH�SRODUL]HG�OLJKW���'��*URXQGPDVV�FRPSRVHG�E\�RSDTXH�PLQHUDOV��SODJLRFODVH�DQG�
ROLYLQH��DOWHUHG�WR�LGGLQJVLWH���IURP�WKH�EDVH�RI�WKH�3LFD]R�+LOO�SOXJ��3ODQH�SRODUL]HG�OLJKW���(��9DFXRODU�WH[WXUH�

�3ODQH�SRODUL]HG�OLJKW���5HIHUHQFHV��DXJLWH��$XJ���SODJLRFODVH��3O���ROLYLQH��2O���RSDTXH�PLQHUDOV��2S��
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PLFURFULVWDOLQD�GH�KDVWD������PP�FRPSXHVWD�SRU�OD�VLJXLHQWH�PLQHUDORJtD��SODJLRFODVD���FOLQRSLUR[HQR�

�DXJLWD����FORULWD���PLQHUDOHV�RSDFRV�FRQ�VHFFLRQHV�FXDGUDGDV��UHFWDQJXODUHV�\�URPERpGULFDV���)LJXUD�

�&��

/D�XWLOL]DFLyQ�GHO�0LFURVFRSLR�(OHFWUyQLFR�GH�%DUULGR��6(0�('6��SHUPLWLy�FRQ¿UPDU�OD�PLQHUDORJtD�

DQWHULRUPHQWH�GHVFULWD�SDUD�ORV�WUHV�plugs�HVWXGLDGRV�H�LGHQWL¿FDU�ORV�FULVWDOHV�GH�QHIHOLQD�SUHVHQWHV�

HQ�OD�PDWUL]�

/RV�IHQRFULVWDOHV�GH�PD\RU�DEXQGDQFLD�\�WDPDxR��IXHURQ�FDUDFWHUL]DGRV�FRPR�FULVWDOHV�GH�DXJLWD�

VHJ~Q� ORV�HVSHFWURV�GH� UD\RV�;�REWHQLGRV� �)LJXUD��$��� VLHQGR�VLPLODUHV�D�HVSHFWURV�HVWiQGDU�SDUD�

GLFKR�PLQHUDO��/DV�LQFOXVLRQHV�SUHVHQWHV�HQ�HVWRV�IHQRFULVWDOHV�IXHURQ�LGHQWL¿FDGDV�FRPR�FULVWDOHV�GH�

FIGURA 8��$��)HQRFULVWDOHV�GH�FOLQRSLUR[HQR�\�SODJLRFODVD��\�FULVWDOHV�LQWHUVWLFLDOHV�GH�FXDU]R��HQ�PXHVWUD�GHO�
&HUUR�&KDUU~D��3RODUL]DGRUHV�FUX]DGRV���%��7H[WXUD�JORPHURSRU¿UtWLFD�\�VXERItWLFD��3RODUL]DGRUHV�FUX]DGRV���&��
0DWUL]�FRQIRUPDGD�SRU�RSDFRV�\�FORULWD��/X]�SRODUL]DGD�SODQD���5HIHUHQFLDV��FOLQRSLUR[HQR��&S[���SODJLRFODVD��3O���

FXDU]R��4W]���FORULWD��&KO���PLQHUDOHV�RSDFRV��2S���
FIGURE 8.�$��&OLQRS\UR[HQH�DQG�SODJLRFODVH�SKHQRFU\VWDOV��DQG�LQWHUVWLWLDO�TXDUW]�LQ�D�VDPSOH�IURP�WKH�&KDUU~D�
+LOO��&URVV�SRODUL]HG�OLJKW���%��*ORPHURSRUSK\ULWLF�DQG�VXERSK\WLF�WH[WXUH��&URVV�SRODUL]HG�OLJKW���&��*URXQGPDVV�
ZLWK�RSDTXH�PLQHUDOV�DQG�FKORULWH��3ODQH�SRODUL]HG�OLJKW���5HIHUHQFHV��FOLQRS\UR[HQH��&S[���SODJLRFODVH��3O���

TXDUW]��4W]���FKORULWH��&KO���RSDTXH�PLQHUDOV��2S��
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ROLYLQR��FOLQRSLUR[HQR�\�7L�PDJQHWLWD��(O�VHJXQGR�IHQRFULVWDO�HQ�DEXQGDQFLD�UHODWLYD�IXH�FDUDFWHUL]DGR�

FRPR�ROLYLQR�PDJQHVLDQR��)LJXUD��$���VHJ~Q�FRPSDUDFLyQ�FRQ�HVWiQGDUHV�GH�HVSHFWURV�GH�UD\RV�;�

SDUD�PLQHUDOHV�GH�6HYHULQ��������\�5HHG��������

/DV� LPiJHQHV� REWHQLGDV� VREUH� IHQRFULVWDOHV� GH� DXJLWD� LQGLFDQ� ]RQDFLyQ� FRQFpQWULFD�� 6HJ~Q�

HO�DQiOLVLV� UHDOL]DGR�D� WUDYpV�GH�PDSDV�FRPSRVLFLRQDOHV�� VH�GH¿QLy�TXH�FRUUHVSRQGH�D�XQD�PD\RU�

FRQFHQWUDFLyQ�GH�FDOFLR�KDFLD�ORV�ERUGHV��)LJXUD��%��

FIGURA 9��$��)HQRFULVWDOHV�GH�DXJLWD�\�ROLYLQR��\�FULVWDO�PD\RU�GH�7L�PDJQHWLWD��FRQ�VXV�UHVSHFWLYRV�HVSHFWURV�GH�
UD\RV�;��%��0DSD�FRPSRVLFLRQDO�VREUH�IHQRFULVWDO�GH�DXJLWD��LQGLFDQGR�PD\RU�HQULTXHFLPLHQWR�GH�FDOFLR�KDFLD�ORV�

ERUGHV�
FIGURE 9��$��$XJLWH�DQG�ROLYLQH�SKHQRFU\VWV�DQG�D�ODUJHU�7L�PDJQHWLWH�FU\VWDO��ZLWK�WKHLU�UHVSHFWLYH�;�UD\�VSHFWUD��

%��&RPSRVLWLRQDO�PDS�RQ�DXJLWH�SKHQRFU\VW��VKRZLQJ�FDOFLXP�HQULFKPHQW�WRZDUGV�WKH�HGJHV�
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FIGURA 10. $��6HFWRU�GH�PDWUL]�DQDOL]DGR��HQ�UHFXDGUR�URMR��%��$FHUFDPLHQWR�GH�UHFXDGUR�URMR�HQ���$��PDWUL]�
FRQIRUPDGD�SRU�QHIHOLQD��7L�PDJQHWLWD��\�DXJLWD��FRQ�VXV�UHVSHFWLYRV�HVSHFWURV�GH�UD\RV�;��&��6HFFLyQ�GH�PDWUL]�
FRQIRUPDGD�SRU�QHIHOLQD��DXJLWD�\�7L�PDJQHWLWD��FRQ�PDSDV�FRPSRVLFLRQDOHV�DGMXQWRV��'��6HFFLyQ�GH�PDWUL]�

FRQIRUPDGD�SRU�DSDWLWR��ROLYLQR��DXJLWD�\�7L�PDJQHWLWD��FRQ�PDSDV�FRPSRVLFLRQDOHV�DGMXQWRV��5HIHUHQFLDV��DXJLWD�
�$XJ���ROLYLQR��2O���7L�PDJQHWLWD��7L0DJ���DSDWLWR��$S��

FIGURE 10.�$��0DWUL[�VHFWRU�DQDO\]HG��LQ�UHG�ER[��%��&ORVH�XS�RI�WKH�UHG�ER[�DW���$��FRPSRVHG�E\�QHSKHOLQH��
7L�PDJQHWLWH��DQG�DXJLWH��ZLWK�WKHLU�UHVSHFWLYH�;�UD\�VSHFWUD��&��6HFWLRQ�RI�WKH�JURXQGPDVV�ZLWK�QHSKHOLQH��DXJLWH�
and Ti-magnetite, with compositional maps. D) Matrix section made up of apatite, olivine, augite and Ti-magnetite, 

ZLWK�FRPSRVLWLRQDO�PDSV�DWWDFKHG��5HIHUHQFHV��DXJLWH��$XJ���ROLYLQH��2O���7L�PDJQHWLWH��7L0DJ���DSDWLWH��$S��
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/D�PDWUL]���)LJXUD���$�\���%���VH�HQFXHQWUD�FRQIRUPDGD�HQ�DEXQGDQFLD�GHFUHFLHQWH�SRU�FULVWDOHV�

DXWRPRUIRV� GH� DXJLWD� SULVPiWLFD�� FULVWDOHV� GH� VHFFLRQHV� FXDGUDGDV� GH� 7L�PDJQHWLWD�� FULVWDOHV� GH�

ROLYLQR�PDJQHVLDQR��FULVWDOHV�[HQRPRUIRV�GH�QHIHOLQD��FRQ�XQ�WDPDxR�GH�KDVWD������PP���\�FULVWDOHV�

DXWRPRUIRV�GH�DSDWLWR�

/RV�DQiOLVLV�GH�PDSDV�FRPSRVLFLRQDOHV� LQGLFDQ�TXH� OD�DXJLWD�FRQFHQWUD� ODV�PD\RUHV�FDQWLGDGHV�

GH�KLHUUR�\�FDOFLR��HO�ROLYLQR�FRQFHQWUD�PD\RU�FDQWLGDG�GH�PDJQHVLR�UHVSHFWR�DO�KLHUUR��OD�7L�PDJQHWLWD�

VH� LGHQWL¿FD� SRU� VX�PDUFDGD� FRQFHQWUDFLyQ� HQ� WLWDQLR�� OD� QHIHOLQD� SRU� VX� HQULTXHFLPLHQWR� HQ� VRGLR�

\�SRWDVLR�� \�HO� DSDWLWR�SRU� VX�DOWD� FRQFHQWUDFLyQ�HQ�SRWDVLR� \� FDOFLR� �)LJXUD���&�\���'��� /D�PDWUL]�

FIGURA 11.�$��0LQHUDOHV�PHWiOLFRV�LGHQWL¿FDGRV�FRPR�7L�PDJQHWLWD��FRQ�VX�UHVSHFWLYR�HVSHFWUR�GH�UD\RV�;��%��
&ULVWDO�PD\RU�\�FULVWDOHV�PHQRUHV�GH�7L�PDJQHWLWD��FRQ�VX�UHVSHFWLYR�HVSHFWUR�GH�UD\RV�;��&��0XHVWUD�GH�PDQR�
FRQ�[HQROLWR�[HQRFULVWDO��'��,PDJHQ�REWHQLGD�GHO�0LFURVFRSLR�(OHFWUyQLFR�GH�%DUULGR�GHO�[HQROLWR�[HQRFULVWDO�GH�

��&��HVSHFWUR�GH�UD\RV�;�DGMXQWR��5HIHUHQFLDV��DXJLWD��$XJ���7L�PDJQHWLWD��7L0DJ��
FIGURE 11��$��0HWDOOLF�PLQHUDOV�LGHQWL¿HG�DV�7L�PDJQHWLWH��ZLWK�WKHLU�UHVSHFWLYH�;�UD\�VSHFWUD��%��/DUJH�DQG�
PLQRU�FU\VWDOV�RI�7L�PDJQHWLWH��ZLWK�WKHLU�UHVSHFWLYH�;�UD\�VSHFWUD��&��+DQG�VDPSOH�ZLWK�[HQROLWH���[HQRFU\VWDO��
'��,PDJH�REWDLQHG�IURP�WKH���&�[HQROLWH���[HQRFU\VWDO��XVLQJ�WKH�6FDQQLQJ�(OHFWURQ�0LFURVFRSH��;�UD\�VSHFWUXP�

DWWDFKHG��5HIHUHQFHV��$XJLWH��$XJ���7L�PDJQHWLWH��7L0DJ��
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PLFURFULVWDOLQD�IXH�FDUDFWHUL]DGD�D�WUDYpV�GH�DQiOLVLV�GH�PDSDV�FRPSRVLFLRQDOHV��FRPR�XQD�PDWUL]�GH�

FRPSRVLFLyQ�DOXPLQRVLOLFDWDGD�VyGLFD�

/RV�PLQHUDOHV�PHWiOLFRV�IXHURQ�LGHQWL¿FDGRV�FRPR�SLULWD�\��HQ�PD\RU�PHGLGD��7L�PDJQHWLWD��WLWDQR�

PDJQHWLWD���)LJXUD���$�\���%���/D�PD\RUtD�GH�ORV�[HQROLWRV�[HQRFULVWDOHV�SUHVHQWDQ�XQD�FRPSRVLFLyQ�

ROLYtQLFD��)LJXUD���&�\���'���RFDVLRQDOPHQWH��VH�HQFRQWUy�XQD�PLQRUtD�GH�FRPSRVLFLyQ�DXJtWLFD�

DISCUSIÓN Y CONCLUSIONES

(O�DQiOLVLV�GHWDOODGR�GH� OD�SHWURJUDItD��PRUIRORJtD�\�HVWUXFWXUDV�SUHVHQWHV�HQ�HVWRV� WUHV�FXHUSRV�

VXEYROFiQLFRV� DQWHV� QR� FDUDFWHUL]DGRV�� KD� SHUPLWLGR� JHQHUDU� QXHYD� LQIRUPDFLyQ� UHODFLRQDGD� DO�

PDJPDWLVPR� SUHVHQWH� HQ� OD� &XHQFD� 1RUWH�� 6HJ~Q� OD� PRUIRORJtD� GH� ORV� FXHUSRV�� VH� HYLGHQFLD� OD�

WRSRJUDItD�PDUFDGDPHQWH�SRVLWLYD�HQ� UHODFLyQ�D� OD�)RUPDFLyQ�$UDSH\�� LQGLFDUtD�XQD�PHQRU� WDVD�GH�

HURVLyQ� UHVSHFWR�D� ORV�EDVDOWRV��(Q�EDVH�D� ODV� UHODFLRQHV�TXH�SUHVHQWDQ�HQ�FDPSR�\�D� OD� WDVD�GH�

HURVLyQ�HQ�FRPSDUDFLyQ�FRQ�ORV�EDVDOWRV�FUHWiFLFRV�GH�OD�EDVH��VH�SODQWHD�OD�KLSyWHVLV�GH�TXH�HVWRV�

plugs�VRQ�PiV�MyYHQHV�R�SRVWHULRUHV�D�ODV�URFDV�YROFiQLFDV�GH�OD�)RUPDFLyQ�$UDSH\��6L�ELHQ�D�QLYHO�

GH� FDPSR�QR� VH� SXGR� FRQ¿UPDU� OD� H[LVWHQFLD� GH� XQ� OLQHDPLHQWR� HVWUXFWXUDO� HVSHFt¿FR� DVRFLDGR� DO�

HPSOD]DPLHQWR�GH�HVWRV�PDJPDV��6RWR� ������� UHDOL]y�XQ�HVWXGLR�GH� ORV� IRWROLQHDPLHQWRV�H[LVWHQWHV�

HQ�HO�iUHD�\�GHVFULEH�XQ�OLQHDPLHQWR�SULQFLSDO�1��(�HQWUH�HO�plug�&HUUR�GH�OD�9LUJHQ�\�HO�plug Cerro 

%RQLWR��DVt�FRPR�YDULRV�OLQHDPLHQWRV�PHQRUHV�GH�GLUHFFLyQ�1��(�D�1��(��DVRFLDGRV�D�HVH�OLQHDPLHQWR�

SULQFLSDO��(V�GH�GHVWDFDU�OD�H[LVWHQFLD�GH�XQ�OLQHDPLHQWR�LPSRUWDQWH��DO�QRUWH�GHO�&HUUR�GH�OD�9LUJHQ��GH�

VHQWLGR�1:�6(��SDUDOHOR�D�OD�GLUHFFLyQ�GH�HORQJDFLyQ�GH�HVWH�FXHUSR�YROFiQLFR�

$� VX� YH]�� ORV� WUHV� FXHUSRV� SUHVHQWDQ� GLV\XQFLyQ� FROXPQDU�� (VWH� WLSR� GH� HVWUXFWXUDV�� HQ� URFDV�

YROFiQLFDV�\�VXEYROFiQLFDV��VH�JHQHUDQ�D�SDUWLU�GH�OD�SURSDJDFLyQ�GH�IUDFWXUDV�GXUDQWH�HO�HQIULDPLHQWR�

GHO�PDJPD�� HQ� ÀXMRV� GH� ODYD� R� HQ� LQWUXVLRQHV� VRPHUDV�� GHELGR� D� XQ�PHFDQLVPR� GH� WUDQVIHUHQFLD�

GH� FDORU� GH� WLSR� FRQGXFWLYR�FRQYHFWLYR� �%XGNHZLWVFK� \� 5RELQ�� ������� (O� PDJPD� SLHUGH� FDORU� SRU�

FRQGXFFLyQ� HQ� ORV� OtPLWHV� GHO� FXHUSR� tJQHR�� GLVPLQX\HQGR� VX� YROXPHQ� \� JHQHUDQGR� WHQVLRQHV� TXH�

VRQ� OLEHUDGDV�SRU�UHODMDFLyQ�YLVFRHOiVWLFD��+HWpQ\L�HW�DO����������0LHQWUDV� OD� WHPSHUDWXUD�GHO�PDJPD�

VHD�PHQRU�D� OD�7*��glass temperature���������&�HQ�WKROHLWDV�ROLYtQLFDV��5\DQ�\�6DPPLV����������VH�

DFXPXODQ�HVIXHU]RV�HIHFWLYRV�\��FXDQGR�pVWRV�VXSHUDQ�OD�UHVLVWHQFLD�GH�OD�URFD��VH�LQLFLD�OD�JHQHUDFLyQ�

GH�IUDFWXUDV�SHUSHQGLFXODUHV�D�ODV�VXSHU¿FLHV�GH�HVIXHU]RV�GLVWHQVLYRV��\�SDUDOHODV�D�ODV�VXSHU¿FLHV�GH�

HQIULDPLHQWR��6SU\���������/DV�IUDFWXUDV�VH�SURSDJDUiQ�KDFLD�HO�LQWHULRU�GHO�FXHUSR�KDVWD�TXH�DOFDQFHQ�
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OD�LVRWHUPD�GH�7*��GHELGR�D�OD�WUDQVIHUHQFLD�GH�FDORU�SRU�FRQYHFFLyQ��%XGNHZLWVFK�\�5RELQ���������3RU�

OR�WDQWR��VH�SURSRQH�TXH�ORV�WUHV�plugs��KDQ�VXIULGR�XQD�WDVD�GH�HQIULDPLHQWR�PiV�OHQWD�TXH�ORV�ÀXMRV�GH�

ODYD�TXH�ORV�URGHDQ��FRUUHVSRQGLHQWHV�D�OD�)RUPDFLyQ�$UDSH\�

(Q�RFDVLRQHV��HV�SRVLEOH�HQFRQWUDU�HVWUtDV�HQ� ODV�FDUDV� ODWHUDOHV�\�EDVDOHV�GH� ODV�FROXPQDV�GH�

HVWRV�plugs��5\DQ�\�6DPPLV� �������� LQGLFDQ�TXH�HVWDV�HVWUtDV�VH�JHQHUDQ�GXUDQWH�HO�GHVDUUROOR�GH�

OD�GLV\XQFLyQ�FROXPQDU��GHELGR�D�GLIHUHQWHV�FLFORV�GH�HVIXHU]RV�GLVWHQVLYRV�DFXPXODGRV�\�OLEHUDGRV��

GXUDQWH�HO�HQIULDPLHQWR�GHO�FXHUSR�

%XGNHZLWVFK�\�5RELQ���������LQGLFDQ�TXH�ODV�IUDFWXUDV�HYROXFLRQDQ�D�SDUWLU�GH�XQ�SDWUyQ�SROLJRQDO�

LQPDGXUR�� JHQHUDQGR� ¿JXUDV� JHRPpWULFDV� LUUHJXODUHV� HQ� ODV� SULPHUDV� HWDSDV� GH� HQIULDPLHQWR� GHO�

PDJPD��KDVWD�HYROXFLRQDU�HQ�XQ�SDWUyQ�PiV�XQLIRUPH�\�HVWDEOH�� FDUDFWHUL]DGR�SRU�¿JXUDV�EDVDOHV�

KH[DJRQDOHV��6H�HVWLPD�TXH�WDQWR�HO�plug�&HUUR�%RQLWR�\�HO�plug�&HUUR�GH�OD�9LUJHQ�SRVHHQ�XQ�PD\RU�

JUDGR�GH�PDGXUH]�UHVSHFWR�DO�plug�&HUUR�3LFD]R��GHELGR�D�XQD�PD\RU�WHQGHQFLD�GH�GHVDUUROOR�XQLIRUPH�

GH�EDVHV�KH[DJRQDOHV��HVWDQGR�UHODFLRQDGR�FRQ�XQD�PHQRU�WDVD�GH�HQIULDPLHQWR�UHVSHFWR�DO�plug Cerro 

3LFD]R��3DUWLFXODUPHQWH��HQ�HO�&HUUR�GH�OD�9LUJHQ�VH�KD�REVHUYDGR�HO�GHVDUUROOR�GH�KDVWD���QLYHOHV�GH�

FROXPQDV��GH�EDVHV�WULDQJXODUHV��SVHXGRKH[DJRQDOHV��\�KH[DJRQDOHV��GH�KDVWD���PHWUR�GH�DOWXUD�VREUH�

HO�VXHOR��V�Q�P����/DV�URFDV�EiVLFDV�FRQ�GLV\XQFLyQ�FROXPQDU�SXHGHQ�SUHVHQWDQ�DVLPLVPR�GRV�IDFLHV��OD�

IDFLHV�³FRORQQDGH �́�OD�FXDO�VH�FDUDFWHUL]D�SRU�HO�GHVDUUROOR�GH�FROXPQDV�UHJXODUHV�FRQ�ODGRV�SODQDUHV��\�

OD�IDFLHV�OODPDGD�³HQWDEODWXUH �́�OD�FXDO�SRVHH�FROXPQDV�PiV�SHTXHxDV��PHQRV�UHJXODUHV��SRU�HMHPSOR��

7RPNHLHII�������6SU\���������6DHPXQGVVRQ���������H[SOLFD� OD�SUHVHQFLD�GH� OD� IDFLHV�GH�HQWDEODWXUH��

HQ�DXVHQFLD�GH� OD� IDFLHV�FRORQQDGH��SRU� WDVDV�GH�HQIULDPLHQWR� LQFUHPHQWDGDV�SRU� LQXQGDFLyQ�GH� OD�

VXSHU¿FLH�GHO�ÀXMR��SHUPLWLHQGR�TXH�HO�DJXD�DFFHGD�DO�LQWHULRU�GHO�PLVPR��3KLOOLSV�HW�DO����������VHxDODQ�

TXH��WDQWR�OD�SURSDJDFLyQ�GH�IUDFWXUDV�GH�GLUHFFLRQHV�RSXHVWDV�FRPR�OD�LQWHUDFFLyQ�FRQ�DJXD��SXHGHQ�

VHU� ORV� FDXVDQWHV� GH� OD� IDFLHV� HQWDEODWXUH��&RQVHFXHQWHPHQWH�� VHJ~Q� OR� REVHUYDGR� HQ� FDPSR�� VH�

SURSRQH�XQD�PHQRU� WDVD�GH�HQIULDPLHQWR�SDUD�HO�PDJPD�TXH�FRQIRUPy� ODV� VHFFLRQHV�DFWXDOPHQWH�

YLVLEOHV�GHO�plug�&HUUR�%RQLWR�\�plug�&HUUR�GH� OD�9LUJHQ��UHVSHFWR�DO�plug�&HUUR�3LFD]R��(VWH�~OWLPR�

SRVLEOHPHQWH�LQFUHPHQWy�VX�WDVD�GH�HQIULDPLHQWR�GHELGR�D�LQXQGDFLyQ�GH�OD�VXSHU¿FLH�GHO�ÀXMR�\�R�SRU�

OD�LQWHUVHFFLyQ�GH�GRV�VHWV�GH�IUDFWXUDV�RSXHVWDV�

'HVGH�HO�SXQWR�GH�YLVWD�SHWURJUi¿FR��ODV�URFDV�GH�ORV�WUHV�FXHUSRV�VRQ�DIDQtWLFDV�GH�FRORU�QHJUR�

RVFXUR�� LQGLFDQGR� OD� UiSLGD�FULVWDOL]DFLyQ� ULFD�HQ�PLQHUDOHV�Pi¿FRV��FDUDFWHUL]DQGR�D� OD� URFD�FRPR�
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VXEYROFiQLFD� \� PHODQyFUDWD� �/H� 0DLWUH�� ������� /RV� [HQROLWRV�[HQRFULVWDOHV� SUHVHQWHV� LQGLFDUtDQ� HO�

WUDQVSRUWH� GH� IUDJPHQWRV� GH� URFD� GH� FRPSRVLFLyQ�Pi¿FD�� GH� IXHQWH� SRVLEOHPHQWH�PDQWpOLFD� �*LOO��

�������3RU�RWUR�ODGR��OD�DXVHQFLD�GH�IUDJPHQWRV�GH�FRPSRVLFLyQ�FRUWLFDO�GHVFDUWDUtD��SUHOLPLQDUPHQWH��

XQD�SRVLEOH�DVLPLODFLyQ�FRUWLFDO�

(Q� OiPLQD� GHOJDGD�� ODV� URFDV� GH� HVWH� HVWXGLR�� SUHVHQWDQ� WH[WXUD� LQHTXLJUDQXODU� SRU¿UtWLFD� H�

KLSRFULVWDOLQD�� LQGLFDQGR� XQD� SULPHUD� HWDSD� GH� HQIULDPLHQWR� \� FULVWDOL]DFLyQ� GH� IHQRFULVWDOHV�� XQD�

VHJXQGD�HWDSD�GH�HQIULDPLHQWR�\�FULVWDOL]DFLyQ�GH� OD�PDWUL]��\�XQD�WHUFHUD�HWDSD�GH�HQIULDPLHQWR�GH�

PDWHULDO� PLFURFULVWDOLQR� \� YLGULR�� \� JHQHUDFLyQ� GH� FDYLGDGHV�� $VLPLVPR�� OD� WH[WXUD� VXELGLRPyU¿FD�

D� LGLRPyU¿FD�� VXJLHUH� TXH� OD�PD\RUtD� GH� ORV� FULVWDOHV� WXYLHURQ� XQ� WLHPSR� VX¿FLHQWH� GH� FUHFLPLHQWR�

\�R�DSRUWH�GH�YROiWLOHV��SHUPLWLHQGR�XQ�DOWR�SRUFHQWDMH�GH�FDUDV�FULVWDOLQDV��/D�PLQHUDORJtD�SUHVHQWH�

VXJLHUH�HO�HQIULDPLHQWR�GH�XQ�IXQGLGR�SRFR�GLIHUHQFLDGR��GH�FDUiFWHU�DOFDOLQR�\�VXEVDWXUDGR��GHELGR�

D�OD�SUHVHQFLD�GH�IHOGHVSDWRLGHV�HQ�OD�PDWUL]��7DQWR�HO�FOLQRSLUR[HQR��DXJLWD���FRPR�HO�ROLYLQR�VXHOHQ�

HQFRQWUDUVH�HQ�URFDV�Pi¿FDV�\�XOWUDPi¿FDV��6LDO�\�0F5HDWK���������$�WUDYpV�GH�LPiJHQHV�REWHQLGDV�

GHO�0LFURVFRSLR�(OHFWUyQLFR�GH�%DUULGR��6(0�('6���VH�LGHQWL¿Fy�PD\RU�FRQFHQWUDFLyQ�GH�FDOFLR�KDFLD�

ORV�ERUGHV�GH� OR� IHQRFULVWDOHV�GH�DXJLWD�� LQGLFDQGR�XQD�FULVWDOL]DFLyQ�HQ�GHVHTXLOLEULR��DXPHQWDQGR�

OD�FRQFHQWUDFLyQ�GH�FDOFLR�KDFLD�ODV�HWDSDV�¿QDOHV�GH�OD�FULVWDOL]DFLyQ��6H�LGHQWL¿Fy�TXH�HO�ROLYLQR�VH�

HQFXHQWUD�SDUWLFXODUPHQWH�HQULTXHFLGR�HQ�PDJQHVLR��GHELGR�D�VX�HVSHFWUR�GH�UD\RV�;�H�LPiJHQHV�GH�

PDSDV�FRPSRVLFLRQDOHV��FDUDFWHUL]iQGROR�FRPR�XQ�ROLYLQR�PDJQHVLDQR�

/D� FRPSRVLFLyQ�PLQHUDOyJLFD�SUHVHQWH�HQ� ODV� OLWRORJtDV�GH� ORV�plugs�&HUURV�GH� OD�9LUJHQ��&HUUR�

%RQLWR�\�&HUUR�3LFD]R�SHUPLWH�FODVL¿FDUODV��MXQWR�D�ORV�GDWRV�DSRUWDGRV�SRU�2OLYHUD��������\�0X]LR�HW�DO��

��������FRPR�WHIULWDV�FRQ�QHIHOLQD��GH�DFXHUGR�D�ORV�FULWHULRV�HVWDEOHFLGRV�SRU�/H�0DLWUH��������

(Q�VtQWHVLV��ODV�SULQFLSDOHV�FRQFOXVLRQHV�GHO�WUDEDMR�VRQ�ODV�VLJXLHQWHV�

��� (O� &HUUR� GH� OD� 9LUJHQ�� %RQLWR� \� 3LFD]R� UH~QHQ� HO� FRQMXQWR� GH� FDUDFWHUtVWLFDV� HVWUXFWXUDOHV� \�

PRUIROyJLFDV�SDUD�VHU�FRQVLGHUDGRV�FRPR�plugs�VXEYROFiQLFRV�

���(O�SUHVHQWH�DQiOLVLV�GH¿QH�XQ�HYHQWR�VXEYROFiQLFR�LQpGLWR��FX\DV�FDUDFWHUtVWLFDV�SHWURJUi¿FDV�OR�

GLIHUHQFLDQ�GH�ODV�URFDV�YROFiQLFDV�FUHWiFLFDV�SUHVHQWHV�GHQWUR�GH�OD�&XHQFD�1RUWH�XUXJXD\D�

��� (O� DQiOLVLV� SHWURJUi¿FR� GH� ODV� PXHVWUDV� SHUWHQHFLHQWHV� D� ORV� WUHV� FXHUSRV� VXEYROFiQLFRV��

FRQ¿UPDURQ� FDUDFWHUtVWLFDV�GLIHUHQWHV� UHVSHFWR�D� ODV� URFDV� YROFiQLFDV� FRP~QPHQWH�DVRFLDGDV�D� OD�

)RUPDFLyQ�$UDSH\��/RV�WUHV�plugs�SUHVHQWDQ�OD�VLJXLHQWH�PLQHUDORJtD��DXJLWD���ROLYLQR�PDJQHVLDQR���



46

Olivera & Muzio / Revista de la Sociedad Uruguaya de Geología 22 (2019) 27-48

QHIHOLQD���FOLQRSLUR[HQR���DSDWLWR���PLQHUDOHV�RSDFRV��7L�PDJQHWLWD�SLULWD���$�VX�YH]��HVWDV�URFDV�VXHOHQ�

SUHVHQWDU�[HQROLWRV�[HQRFULVWDOHV�GH�FRPSRVLFLyQ�ROLYtQLFD�\�DXJtWLFD��6H�WUDWD�GHO�SULPHU�UHJLVWUR�GH�

PDJPDWLVPR� DOFDOLQR�� LQVDWXUDGR� HQ� VtOLFH� \� FRQ� SUHVHQFLD� GH� IHOGHVSDWRLGHV�� HQ� OD�&XHQFD�1RUWH�

8UXJXD\D�

���(Q�EDVH�D�ODV�UHODFLRQHV�GH�FDPSR�\�DO�JUDGR�GH�SUHVHUYDFLyQ�TXH�HVWRV�plugs�SUHVHQWDQ�HQ�

FRPSDUDFLyQ�FRQ�ORV�EDVDOWRV�WKROHtWLFRV��VH�SODQWHD�TXH�HO�HPSOD]DPLHQWR�GH�ODV�URFDV�VXEYROFiQLFDV�

HVWXGLDGDV�HV�SRVWHULRU�DO�PDJPDWLVPR�GH�OD�)RUPDFLyQ�$UDSH\�

Agradecimientos

(O�SUHVHQWH�WUDEDMR�IXH�UHDOL]DGR�JUDFLDV�D�OD�¿QDQFLDFLyQ�GHO�SUR\HFWR�&6,&�,�'��1���������������

$�VX�YH]�� ORV�DXWRUHV�DJUDGHFHQ� ORV�YDOLRVRV�DSRUWHV�GH� ORV�UHYLVRUHV�DQyQLPRV�SDUD� OD�PHMRUD�GHO�

manuscrito.

REFERENCIAS BIBLIOGRÁFICAS

%(&&$/89$��/���%$5%,(5,��0���%251��+���%527=8��3���&2/7257,��0���&217(��$���*$5%$5,12��&���*20(6��
&�%��� 0$&&,277$�� *��� 025%,'(//,�� /��� 58%(57,�� (��� 6,(1$�� )��� 75$9(56$�� *�� ������� Fractional 
crystallization and liquid immiscibility processes in the alkaline-carbonatite complex of Juquiá (São 
Paulo, Brazil).�-RXUQDO�RI�3HWURORJ\���������S�����������

%266,�� -�� ������� Geología del Uruguay.� 'HSDUWDPHQWR� GH� 3XEOLFDFLRQHV�� 8QLYHUVLGDG� GH� OD� 5HS~EOLFD��
0RQWHYLGHR������SS�

%266,�� -�� \�6&+,3,/29��$�� �������Rocas ígneas básicas del Uruguay.�9ROXPHQ� ,��)DFXOWDG�GH�$JURQRPtD��
8QLYHUVLGDG�GH�OD�5HS~EOLFD��0RQWHYLGHR������SS�

%8'.(:,76&+��3���\�52%,1��3��<����������Modelling the evolution of columnar joints.�-RXUQDO�RI�9ROFDQRORJ\�
DQG�*HRWKHUPDO�5HVHDUFK���������SS�����±�����KWWSV���GRL�RUJ�����������������������������

&(5186&+,��)���',//(6��-�+���.(17��$�-���6&+52(5��*���5$$%��$�.���&217,��%���08=,2�5���������Geology, 
Geochemistry and Geochronology of the Cretaceous Lascano East Intrusive Complex and Magmatic 
Evolution of the Laguna Merín Basin, Uruguay.�*RQGZDQD�5HVHDUFK��������S����������

&20,1�&+,$5$0217,�� 3��� &81'$5,�� $��� '(*5$))�� -�0��� *20(6�� &�%��� 3,&&,5,//2�� (�0�� ������� (DUO\�
Cretaceous-Tertiary magmatism in the Eastern Paraguay (western Paraná basin): geological, 
geophysical and geochemical relationships.�-RXUQDO�RI�*HRG\QDPLFV�����S����������

&21&(,d­2��5��9���&$51,(/��/��&���-$/2:,7=.,��7���*(59$621,��)���&('(f2��'��*����������Geochemistry 
and geodynamic implications on the source of Paraná-Etendeka Large Igneous Province evidenced by 
the 128 Ma Rosário-6 kimberlite, southern Brazil.�/LWKRV��SS�����±��������±�����KWWSV���GRL�RUJ���������M�
OLWKRV������������

(*8Ë$�52'5Ë*8(=��0�� �������Aportes al conocimiento de la génesis de algunas estructuras circulares 
en los Basaltos de la Formación Arapey.�7HVLV�GH�JUDGR��,QVWLWXWR�GH�&LHQFLDV�*HROyJLFDV��)DFXOWDG�GH�
&LHQFLDV��8GHOD5��0RQWHYLGHR������SS�

)e5$8'��*���%(575$1'��+���0$57Ë1(=��0���85(6��&���6&+,3,/29��$���%266,��-���������40Ar/39Ar age and 
geochemistry of the southern extension of Paraná traps in Uruguay.�(Q��,,�6LPSRVLR�6XGDPHULFDQR�GH�
*HRORJtD�,VRWySLFD��������&yUGRED��S��������

)/(7&+(5��&�-�1��\�%(''2(�67(3+(16��%���������The petrology and crystallization history of the Velasco 
alkaline province, eastern Bolivia. En: Fitton, J.G. y Upton, B.G.J. (eds.) Alkaline igneous rocks. 
*HRORJLFDO�6RFLHW\�RI�/RQGRQ��6SHFLDO�3XEOLFDWLRQ�����S����������



47

Olivera & Muzio / Revista de la Sociedad Uruguaya de Geología 22 (2019) 27-48

*,%621��6�$���7+203621��5�1���/(21$5'26��2�+���',&.,1��$�3���0,7&+(//��-�*���������The limited extent 
RI� SOXPH�OLWKRVSKHUH� LQWHUDFWLRQV� GXULQJ� FRQWLQHQWDO� ÀRRG�EDVDOW� JHQHVLV�� JHRFKHPLFDO� HYLGHQFH�
from Cretaceous magmatism in southern Brazil.�&RQWULEXWLRQV�WR�0LQHUDORJ\�DQG�3HWURORJ\�������S������
169.

*,//�� 5�� �������An introduction to magmas and magmatic rocks. En: Gill, R (ed.) Igneous Rocks and 
Processes: A Practical Guide.�&KLFKHVWHU��:HVW�6XVVH[��8.��:LOH\�%ODFNZHOO��&DS�����S�������

+(7e1<,��*��� 7$,61(��%���*$5(/�� )���0e'$5'��e��� %266+$5'��6���0$776621��+�� %�� ��������Scales of 
columnar jointing in igneous rocks: Field measurements and controlling factors.�%XOOHWLQ�RI�9ROFDQRORJ\��
����������±�����KWWSV���GRL�RUJ���������V����������������

+8$1*�� +�0��� +$:.(6:257+�� &�-��� 9$1� &$/67(5(1�� 3��� 0&'(50277�� )�� �������� Geochemical 
characteristics and origin of the Jacupiranga carbonatites, Brazil.�&KHPLFDO�*HRORJ\�������S��������

.(55��3��)����������Mineralogía óptica.���HG��1HZ�<RUN��0F*UDZ�+LOO������SS�
/(�0$,75(��5��:���������&ODVVL¿FDWLRQ�DQG�QRPHQFODWXUH��(Q��5�:��/(�0$,75(��(G��,JQHRXV�URFNV�±�D�FODVVL¿�

FDWLRQ�DQG�JORVVDU\�RI�WHUPV��5HFRPPHQGDWLRQV�RI�WKH�,8*6�VXEFRPPLVVLRQ�RQ�WKH�6\VWHPDWLFV�RI�,JQHRXV�
5RFNV��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV���QG�HGQ��&DS����S�������

/8675,12�� 0��� 0(//862�� /��� %527=8�� 3��� *20(6�� &�%��� 025%,'(//,�� /��� 08=,2�� 5��� 58%(57,�� (���
7$66,1$5,��&�&�*�� �������Petrogenesis of the Early Cretaceous Valle Chico igneous complex (SE 
Uruguay): relationships with Paraná-Etendeka felsic rocks.�/LWKRV������S����������

0,/1(5�� 6�&��� ,(� 52(;�� $�3��� 2¶&21125�� -�0�� �������Age of Mesozoic igneous rocks in northwestern 
Namibia, and their relationship to continental break-up, J. Geol.�6RF��/RQG��������S���������

025%,'(//,��/���*20(6��&�%���%527=8��3���'¶$&48$5,&$��6���*$5%$5,12��&���58%(57,��(���75$9(56$��
*�� ������� The Pariquera Açu Kalkaline complex and southern Brazil lithospheric mantle source 
characteristics.�-RXUQDO�RI�$VLDQ�(DUWK�6FLHQFHV������S����������

08=,2�� 5�� �������� El magmatismo Mesozoico en Uruguay y sus recursos minerales asociados. En 
9HURVODYVN\��*���8ELOOD��0��\�0DUWtQH]��6���HGV���&XHQFDV�VHGLPHQWDULDV�GH�8UXJXD\��JHRORJtD��SDOHRQWRORJtD�
\�UHFXUVRV�QDWXUDOHV�0HVR]RLFR��',5$&�)DFXOWDG�GH�&LHQFLDV����SS����������0RQWHYLGHR�

08=,2�� 5��� 2/,9(5$�� /��� 3((/�� (��� )257�� 6�� �������Geochemical features of alkaline volcanism in the 
southern extreme of Paraná Basin, NW Uruguay.�5HVXPHQ��(Q��*ROGVFKPLGW�&RQIHUHQFH��%DUFHORQD��
KWWSV���JROGVFKPLGW�LQIR�

08=,2��5���3((/��(���3257$��1���6&$*/,$��6�� ��������Mesozoic dykes and sills from Uruguay: Sr e Nd 
isotope and trace element geochemistry.�-RXUQDO�RI�6RXWK�$PHULFDQ�(DUWK�6FLHQFHV������SS�����±�����

08=,2��5��6&$*/,$��)���0$648(/,1��+����������Titaniferous magnetite and barite from the San Gregorio 
de Polanco dike swarm, Paraná Magmatic Province, Uruguay.�(DUWK�6FLHQFHV�5HVHDUFK�-RXUQDO���������
SS����������

2/,9(5$��/���������Petrología de rocas volcánicas al Norte de Pepe Núñez (Depto. de Salto).�7HVLV�GH�*UDGR��
,QVWLWXWR�GH�&LHQFLDV�*HROyJLFDV��)DFXOWDG�GH�&LHQFLDV��8GHOD5��0RQWHYLGHR�����SS�

2/,9(5$��/���08=,2��5���)257��6���3((/��(���025$/(6��(����������3HWURJUD¿D�GR�YXOFDQLVPR�DOFDOLQR�GR�1:�
de Uruguai.�(Q������&RQJUHVVR�%UDVLOHLUR�GH�*HRORJLD��5LR�GH�-DQHLUR��5HVXPHQ�

3($7(��'�:���������The Paraná–Etendeka Province. En: Large Igneous Provinces: Continental, Oceanic, 
and Planetary Flood Volcanism.�-�-��0DKRQH\��&RI¿Q��HGV����$PHULFDQ�*HRSK\VLFDO�8QLRQ���������S������
245.

3+,//,36��-��&���+803+5(<6��0��&��6��'$1,(/6��.��$���%52:1��5�-���:,7+$0��)����������The formation of 
columnar joints produced by cooling in basalt at Staffa, Scotland.�6SULQJHU�9HUODJ�%HUOLQ�+HLGHOEHUJ��
%XOO��9ROFDQRORJ\����������SS������������

3+,/32776��$�5����������Petrography of igneous and metamorphic rocks.�3UHQWLFH�+DOO��HG����7KH�8QLYHUVLW\�
RI�&RQQHFWLFXW������SS�

3,&&,5,//2�� (�0���0(/),�� $�-��� &20,1�&+,$5$0217,�� 3��� %(//,(1,�� *��� (51(672��0���0$548(6�� /�6���
1$5'<��$�-�5���3$&&$��,�*���52,6(1%(5*��$���672/)$��'���������Continental Flood Volcanism from 
the Paraná Basin (Brazil).�(Q��0DFGRXJDOO��-�'���HG����&RQWLQHQWDO�)ORRG�%DVDOWV��3HWURORJ\�DQG�6WUXFWXUDO�
*HRORJ\��6DQ�'LHJR��&DOLIRUQLD��86$��SS����������

35(&,2==,��)���63278512��-���+(,1=(1��:���5266,��3���������Memoria Explicativa de la Carta Geológica 
del Uruguay a escala 1/500 000.�',1$0,*(�0�,�(�0��0RQWHYLGHR�����SS�

5(('��-�� �������Electron Microprobe analysis and scanning electron microscopy in geology.�&DPEULGJH�
8QLYHUVLW\�3UHVV��1HZ�<RUN������SS��

52$&+�� ,�&���0&48((1��.�*���%52:1�0�&�� ��������Physical and petrological characteristics of basaltic 
eruption sites in the Monaro Volcanic Province, southeastern New South Wales, Australia.�-RXUQDO�RI�
$XVWUDOLDQ�*HRORJ\�	�*HRSK\VLFV����������SS����������

5266(//2��(�$���'(�6$17$�$1$��+���9(526/$96.<��*���������El Lineamiento Santa Lucía-Aiguá-Merín 



��

Olivera & Muzio / Revista de la Sociedad Uruguaya de Geología 22 (2019) 27-48

(Uruguay): Un rifting Transtensivo Mesozoico abortado durante la apertura Atlántica?�(Q��Ò1(63�
6%&�� 6HUUD�1HJUD�%UDVLO�� ��� 6LPSyVLR� VREUH� R�&UHWiFHR� GR�%UDVLO� \� ��� 6LPSRVLR� VREUH� HO� &UHWiFLFR� GH�
$PpULFD�GHO�6XU��$QDLV��SS����������

5<$1��0��3��\�6$00,6��&��*����������Cyclic fracture mechanisms in cooling basalt, Geol. Soc. Am. Bull.������
SS�������±������

6$(081'6621��.����������,QWHUJODFLDO�ODYD�ÀRZV�LQ�WKH�ORZODQGV�RI�VRXWKHUQ�,FHODQG�DQG�WKH�SUREOHP�RI�
two-tiered columnar jointing.�-RNXOO�����SS����±���

6(9(5,1��.�3���������Energy Dispersive Spectrometry of Common Rock Forming Minerals.�'HSDUWPHQW�RI�
*HRORJ\�DQG�*HRSK\VLFV��8QLYHUVLW\�RI�$ODVND�)DLUEDQNV��8�6�$������SS��

6,$/��$��1��\�0&5($7+��,���������Minerais do Manto Superior e das Rochas Ígneas.�(Q��-XUHPD�)��GD�6LOYD�
\�+HUPHV�$��9��,QGD��HGV���3HWURORJtD�tJQHD�YROXPHQ����&DS�����0LQHUDLV�GR�PDQWR�VXSHULRU�H�GDV�URFKDV�
tJQHDV��&DS�������SS��������

6272��0���������Geología, geofísica y geoquímica de la región de Pepe Núñez, Cuenca Norte (Uruguay). 
7HVLV�GH�0DHVWUtD�HQ�*HRFLHQFLDV��3('(&,%$��)DFXOWDG�GH�&LHQFLDV��8GHOD5��0RQWHYLGHR������SS�

635<��$����������7KH�RULJLQ�RI�FROXPQDU� MRLQWLQJ��SDUWLFXODUO\� LQ�EDVDOW�ÀRZV��$XVW�-�(DUWK�6FLHQFH�����SS��
���±����

7(55<��5��\�&+,/,1*$5��*����������Summary of “Concerning some additional aids in studying sedimentary 
formations,” by M. S. Shvetsov.�-RXUQDO�RI�6HGLPHQWDU\�5HVHDUFK�������������������������'�������%���
��'������������&����'��

720.(,())�� 6�,�� �������� The basalt lavas of the Giant’s Causeway district of Northern Ireland.� %XOO��
9ROFDQRORJ\�����SS����±�����

72<2'$��.���+25,8&+,��+���72.21$0,��0����������Dupal anomaly of Brazilian carbonatites: geochemical 
correlations with hotspots in the South Atlantic and implications for the mantle source.�(DUWK�DQG�
3ODQHWDU\�6FLHQFH�/HWWHUV�������SS����������

7851(5��6�3���.,567(,1��/�$���+$:.(6:257+��&�-���3($7(��'�:���+$//,1$1��6���0$1729$1,��0�6�0��
��������Petrogenesis of an 800 m lava sequence in eastern Uruguay: insights into magma chamber 
SURFHVVHV�EHQHDWK�WKH�3DUDQi�ÀRRG�EDVDOW�SURYLQFH��-RXUQDO�RI�*HRG\QDPLFV������SS����������

8/%5,&+��+�+�*�-��\�*20(6��&�%���������Alkaline rocks from continental Brazil.�(DUWK�6FLHQFH�5HYLHZV������
SS����������


