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<�NVHN� OLVDQV� WH]� oDOÕúPDVÕ� NDSVDPÕQGD� JHUoHNOHúWLULOHQ� EX� oDOÕúPDGD��
LQFHOHPH� DODQÕQÕQ� FR÷UDILN� NRQXPX�� oDOÕúPDQÕQ� DPDFÕ� YH� |QFHNL� oDOÕúPDODU�
DúD÷ÕGD�VXQXOPXúWXU�� 
 

1.1. øQFHOHPH�$ODQÕQÕQ�&R÷UDILN�.RQXPX 

dDOÕúPD�DODQÕ����������|OoHNOL��6LYDV��ø����E�–ø���D���SDIWDODUÕ�LoHULVLQGH�
bulunan ve Sivas ili K-.%¶� VÕQGD� \�]H\OH\HQ� .DUDoD\ÕU� 6L\HQLWL� (Ünal, 1987; 

%R]WX÷� YH� GL÷��� ������ LOH� *LUHVXQ� +� ��� F�-c3–H40 d1-d4� SDIWDODUÕ� LoHULVLQGH�
EXOXQDQ�YH� LON� NH]�.DONDQFÕ� ������� WDUDIÕQGDQ�.|VHGD÷�6L\HQLWLN�0DVLIL� RODUDN�
WDQÕPODQDQ 6LYDV� LOL� NX]H\GR÷XVXQGDNL� 6XúHKUL� LOoHVLQLQ� J�QH\� EDWÕVÕQGD�
yüzeyleyen�.|VHGD÷�%DWROLWL¶�QL� �%R]WX÷�YH�GL÷���������%R]WX÷��������kapsayan 

DODQ�LoHULVLQGH�\HU�DOPDNWDGÕU�� 
øQFHOHPH� DODQODUÕ� LoHULVLQGH� .DUDoD\ÕU� \|UHVLQGHNL� EDúOÕFD� \HUOHúLP�

PHUNH]L� .DUDoD\ÕU� N|\��� .|VHGD÷� \|UHVLQGHNL� \HUOHúLP� DODQODUÕ� LVH� JHQHOOLNOH�
\D\OD� QLWHOL÷LQGH� ROPDNOD� EHUDEHU� <XNDUÕ|UHQ�� $úD÷Õ|UHQ�� $úD÷ÕDQXNOX��
<XNDUÕDQXNOX��6R÷DQRYDVÕ�\D\ODODUÕ�RODUDN�VÕUDODQDELOLU��� 

øQFHOHPH� DODQÕ� LoHULVLQGH�.DUDoD\ÕU� N|\�� YH� FLYDUÕQGDNL� |QHPOL� \�NVHOWL�
DODQODUÕ� NX]H\GHQ� J�QH\H� GR÷UX� 3DúDGDPÕ� �����P��� .HOH÷HQ� 7HSH� �����P���
Yellice Tepe (1947m), Evliya Tepe (1807m), Çatalçam Tepe (1864m), Evliya 

7HSH� �����P�� úHNOLQGH� VÕUDODQPDNWDGÕU�� 6XúHKUL� J�QH\� EDWÕVÕQGD� EXOXQDQ�
.|VHGD÷¶� GD� LVH� .|VH� 6�OH\PDQ� =L\DUHWL� �����P�� LQFHOHPH� DODQÕQ� HQ� |QHPOL�
yükseltisi olarak belirtilebilir.   

      .DUDoD\ÕU�\|UHVLQGH�WLSLN�RODUDN�NDUDVDO�LNOLP��.|VHGD÷�\|UHVLQGH�LVH�GDKD�
oRN�.DUDGHQL]�LNOLPL�LOH�NDUDVDO�LNOLP�DUDVÕQGD�ELU�JHoLú�J|]OHQPHNOH�ELUOLNWH�\ÕOÕQ�
KHPHQ�KHU�G|QHPLQGH�VX�EXOXQGXUDQ�oHúLWOL�DNDUVXODU�EXOXQPDNWDGÕU�� 
 

1.2. dDOÕúPDQÕQ�$PDFÕ 
%X� oDOÕúPDGD� 6LYDV� LOL� NX]H\-NX]H\EDWÕVÕQGD� \HU� DODQ�.DUDoD\ÕU�6L\HQLWL�

YH� 6LYDV� LOL� NX]H\GR÷XVXQGDNL� 6XúHKUL� LOoHVLQLQ� J�QH\� EDWÕVÕQGD� \�]H\OH\HQ�
.|VHGD÷�%DWROLWL¶�QLQ��ùHNLO�����������MHRORMLN�NRQXPODUÕ��PLQHUDORMLN-petrografik 
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|]HOOLNOHUL�� EX� E|OJHGHNL� ND\DoODUÕQ� ³207Pb-206Pb tek zirkon evaporasyon” 

\|QWHPL\OH� \HUOHúLP�\DúÕ� YH� ³DSDWLW� ILVVLRQ-track jeotermokronoloji” yöntemiyle 

y�]H\OHQPH� WDULKoHOHULQGH� \�NVHOPH� \DúÕ�� WLSL� YH� KÕ]Õ� LOH� ]DPDQ-VÕFDNOÕN�
PRGHOOHPHVLQLQ�RUWD\D�NRQPDVÕ��DPDoODQPÕúWÕU�  
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dDOÕúPDQÕQ� HVDV� NRQXVXQX� ROXúWXUDQ� .DUDoD\ÕU� 6L\HQLWL� �hQDO�� ������
%R]WX÷�YH�GL÷���������YH�.|VHGD÷�%DWROLWL¶�QH� �.DONDQFÕ��������%R]WX÷�YH�GL÷���
������ %R]WX÷�� ������ DLW� GHWD\� oDOÕúPDODU� UHIHUDQV� DOÕQPÕú� ROXS� EX� oDOÕúPD� LOH�
E|OJHGHNL�ND\DoODUÕQ�\HUOHúLP�\DúÕ�YH�\�NVHOLP�\DúÕ��\�NVHOLP�KÕ]Õ��\�]H\OHQPH�
WDULKoHVLQH�DLW�YHULOHU�WRSODQPD\D�oDOÕúÕOPÕúWÕU�� 

 

1.3. gQFHNL�dDOÕúPDODU 

<|UHGH� GDKD� |QFH� \DSÕODQ� oDOÕúPDODUD� EDNÕOGÕ÷ÕQGD�� DúD÷ÕGD� NÕVDFD�
|]HWOHQHQ�oDOÕúPDODUÕQ�YDUOÕ÷Õ�J|U�OPHNWHGLU�� 

Ketin (1955), Yozgat bölgesinin jeolojisi ve Orta Anadolu masifinin 

WHNWRQL÷LQL� LQFHOHGL÷L� oDOÕúPDVÕQGD� PDJPDWL]PDQÕQ�� NULVWDOLQ� PDVLI� LoHULVLQH�
sokulum yapan plütonik aktivite (saha gözlemlerine dayanarak Üst Kretase’den 

JHQo�/�WHV\HQGHQ�\DúOÕ��úHNOLQGH�ROGX÷XQX��hVW�.UHWDVH�YH�/�WHV\HQ�GHYUHOHULQGH�
LVH�GHQL]DOWÕ�YRONDQL]PDVÕ�úHNOLQGH�JHOLúWL÷LQL�EHOLUWPLúWLU���� 

 <DOoÕQODU� �������� 6LYDV� YH� oHYUHVLQGH� \DSWÕ÷Õ� � oDOÕúPDVÕQGD� LQFHOHPH�
DODQÕQÕQ�WHPHOLQL�ROXúWXUDQ�YH�\DúOÕGDQ�JHQFH�GR÷UX�úLVW��NXYDUVLW�YH�PHUPHUOHUGHQ�
ROXúDQ� 3DOHR]R\LN� \DúOÕ� PHWDPRUILWOHULQ� .DUDoD\ÕU� \DNÕQÕQGD� '-%� GR÷UXOWXVX�
ER\XQFD�X]DQDUDN�EHOLUJLQ�ELU�DQWLNOLQDO�ROXúWXUGX÷XQX�|QH�V�UP�úW�U� 

Ketin (1959),�$NGD÷PDGHQL�\DNÕQ�FLYDUÕQÕQ�MHRORMLVL�YH�PDGHQ�\DWDNODUÕQÕ�
LQFHOHGL÷L� oDOÕúPDVÕQGD�� E|OJHGH� JQD\V�� PLNDúLVW�� PHUPHU� YH� NXYDUVLWOHUGHQ�
mH\GDQD� JHOHQ�ELU�PHWDPRUILN� VHULQLQ�EXOXQGX÷XQX�YH�EX� VHUL\L� \HU� \HU�JUDQLW��
JUDQRGL\RULW��DSOLW�JLEL�DVLGLN�LQWU�]\RQODUÕQ�NHVWL÷LQL�EHOLUWPLúWLU�� 

Kurtman (1961), Sivas-'LYUL÷L� DUDVÕQGDNL� E|OJHGH� \DSWÕ÷Õ� oDOÕúPDGD�
PDJPDWLN�ND\DoODUÕQ�EDúOÕFD�VHUSDQWLQLW�ROPDN��]HUH��GL\RULW��PHODILUPDQGHOúWD\Q��
VSLOLWPDQGHOúWD\Q��ED]DOW�YH�DQGH]LWOHUGHQ�ROXúWX÷XQX�EHOLUWPLúWLU� 

Nebert (1961),� .HONLW� oD\Õ� YH� .Õ]ÕOÕUPDN� DUDVÕQGD� NDODQ� DODQGD� \DSWÕ÷Õ�
oDOÕúPDGD� DVLGLN� LQWU�]\RQODUÕQ� (RVHQ¶� LQ� DQGH]LWLN-ED]DOWLN� HNVWU�]\RQODUÕ 
RUWDVÕQGD�EXOXQGX÷XQX�YH�LQWU�]\RQODUÕQ�V�WXQ�úHNOLQGH�ELU�SO�WRQ�ROGX÷XQX�LIDGH�
HWPLúWLU� 

Artan ve Sestini (1971), Sivas-Zara-%H\SÕQDUÕ� E|OJHVLQGH� \DSWÕNODUÕ�
oDOÕúPDGD� VHUSDQWLQLWOHULQ�0DHVWULKWL\HQ-$OW� 3DOHRVHQ� NDONHUOHUL� YH� (RVHQ� ILOLúL�
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üzerine tektoniN� RODUDN� \HUOHúWL÷LQL�� 2UWD� (RVHQ� NDONHUOHULQLQ� VHUSDQWLQLWOHUL� \HU�
\HU� |UWW�÷�Q��EHOLUWPLúOHUGLU��hVW�.UHWDVH� RIL\ROLWOHULQLQ� \HU� oHNLPL� ND\PDVÕ� LOH�
NX]H\H� KDUHNHW� HWWL÷LQL�� ILOLúOHU� LoHULVLQGH� $OW-2UWD� (RVHQ¶� GH� ROLVWRVWURPODUÕQ�
ROXúWX÷XQX�� hVW� (RVHQ¶� GH� úDU\DMODUÕQ� JHOLúWL÷LQL� GDKD� VRQUDODUÕ� LVH� SRVW-
MHRVHQNOLQDO� VHULOHUL� RODQ� HYDSRULW�� NDONHU� YH� NXPWDúODUÕQÕQ� GL÷HU� ELULPOHUL�
|UWW�÷�Q��LIDGH�HWPLúOHUGLU�� 

Kurtman (1973), Sivas-Hafik-=DUD� YH� øPUDQOÕ� E|OJHVLQLQ� MHRORMLN� YH�
WHNWRQLN� \DSÕVÕQÕ� LQFHOHGL÷L� oDOÕúPDGD� KDY]DGDNL� HQ� \DúOÕ� ELULPLQ� hVW� .UHWDVH�
|QFHVL� �3DOHR]R\LN"��PHWDPRUILN� VHUL� ROGX÷XQX�� EX� VHULQLQ� �]HULQH�hVW�.UHWDVH�
(Kampaniyen-Mestrihtiyen-'DQL\HQ�� \DúOÕ� 7HFHU� NDONHUOHUL� YH� 3DOHRVHQ� \DúOÕ�
*�UOHYLN�NDONHUOHULQLQ�o|NHOGL÷LQL�LIDGH�HWPLúWLU��%X�ELULmler üzerine volkanik ara 

NDWNÕOÕ� ILOLú� IDVL\HVLQGHNL� (RVHQ� \DúOÕ� ELULPOHULQ� X\XPVX]� RODUDN� o|NHOGL÷LQL�
EHOLUWHQ� \D]DU�� E|OJHGHNL� 2OLJRVHQ� \DúOÕ� ELULPOHUL� 6HOLPL\H� )RUPDV\RQX� RODUDN�
DGODQGÕUPÕúWÕU�� 0L\RVHQ� \DúOÕ� ELULPOHUGHQ� GHQL]HO� RODQODUÕ� .DUDFD|UHQ�
FormDV\RQX�� NDUDVDO� RODQODUÕ�+DILN�)RUPDV\RQX�RODUDN�DGODQGÕUPÕú� YH� EXQODUÕQ�
ELUELUOHUL� LOH� \DQDO� YH� G�úH\� JHoLúOL� ROGX÷XQX� EHOLUWPLúWLU�� %|OJHQLQ� WHNWRQLN�
JHOLúLPLQL� LVH� LNL� \�NVHOLP� DODQÕ� DUDVÕQGD� NDODQ� ELU� JHULOLP� DODQÕ\OD� VÕQÕUOÕ�
ROGX÷XQX�YH�D\QÕ�]DPDQGD�EX�NHVLPGH�\R÷XQ�NÕYUÕPODQPD�WHNWRQL÷LQLQ�HJHPHQ�
ROGX÷XQX�LIDGH�HWPLúWLU�� 

.DONDQFÕ� �������� =DUD� YH� 6XúHKUL� DUDVÕQGDNL� E|OJHQLQ� MHRORMLN� YH�
SHWURNLP\DVDO� LQFHOHPHVLQL� \DSWÕ÷Õ� oDOÕúPDGD�� WHPHOGH� $OW� .UHWDVH� \DúOÕ�
VHUSDQWLQOHúPLú�RIL\ROLWLN�ND\DoODU� LOH�XOWUDED]LN�ELU�PDVLILQ�EXOXQGX÷XQX�YH�EX�
VHULQLQ�/�WHVL\HQ¶�GHQ�3ULDERQL\HQ¶�H�NDGDU�GHYDP�HGHQ�ILOLú�IDVL\HVLQGHNL�NDOÕQ�
bir volkano-VHGLPDQWHU� ELULP� WDUDIÕQGDQ� |UW�OG�÷�Q�� EHOLUWPLúWLU�� 9RONDQR-

VHGLPDQWHU� ELULPOHU� �]HULQH� 3ULDERQL\HQ� \DúOÕ� DQGH]LWLN� NDUDNWHUOi volkanik 

ELULPOHULQ�JHOGL÷LQL�YH�GDKD�VRQUD�VL\HQLWLN�ELU�PDVLILQ�\HU�DOPDVÕ\OD�VRQXoODQDQ�
SO�WRQLN�DNWLYLWHQLQ�YDUOÕ÷ÕQÕ�LIDGH�HWPLúWLU�� 

%X�oDOÕúPDVÕQGD�VL\HQLWLN�N�WOH\L�NHQDU�IDVL\HVL��NXYDUVOÕ�VL\HQLW��EL\RWLWOL�
VL\HQLW�RODUDN���IDVL\HVH�D\ÕUWODPÕú�olup; Rb-6U�UDG\RPHWULN�\Dú�WD\LQL�LOH�NXYDUVOÕ�
VL\HQLWOHULQ� \DúÕQÕ� ��+�� PLO\RQ� \ÕO�� SHJPDWLWLN� EL\RWLWOL� VL\HQLWOHULQ� \DúÕQÕ� LVH�
37+���� PLO\RQ� \ÕO� RODUDN� VDSWDPÕúWÕU�� $\UÕFD� N�WOH� VSHNWURPHWUHVL� LOH� \DSÕODQ�
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|Oo�P�VRQXoODUÕQD�J|UH�DQGH]LWLN�N�WOHQLQ�PDQWR��NXYDUVOÕ�VL\HQLWOHULQ��VW�PDQWR-

NDEXN�VÕQÕUÕQGD��SHJPDWLWLN�EL\RWLW�VL\HQLWLQ�NDEXNVDO�ELU�PDJPD�N|NHQLQH�VDKLS�
ROGXNODUÕQÕ� LOHUL� V�UP�úW�U�� %|OJHGHNL� PDJPDWLN� DNWLYLWHQLQ� E�\�N� oDWODNODU�
ER\XQFD�\HUOHúHQ�NHUDWRILULN�YH�UL\ROLWLN�NDUDNWHUOL�YRONDQL]PD\OD�GHYDP�HWWL÷LQL�
YH�3ULDERQL\HQ¶�GH�|QHPVL]�J|OVHO�VHGLPDQODUÕQ�o|NHOGL÷LQL�EHOLUWPLúWLU� 

Tatar (1977),� dDPOÕEHO� �<ÕOGÕ]HOL�� \|UHVLQL� � LoLQH� � DODQ� E|OJHQLQ�
VWUDWLJUDILVLQL� � YH� � SHWURJUDILVLQL� DUDúWÕUGÕ÷Õ� oDOÕúPDVÕQGD�� LQFHOHPH� DODQÕQGDNL�
ND\DoODUÕ�$NGD÷�0HWDmorfitleri, ofyolitik seri, Üst Kretase sedimentleri, ofiyolitik  

diziyi kesen asidik ve bazik plütonikler, Paleojen sedimentleri, Tersiyer 

YRONDQLNOHUL�YH��1HRMHQ�VHGLPHQWOHUL�RODUDN�D\ÕUPÕúWÕU���� 
Tokel (1977), Karadeniz bölgesindeki Tersiyer volkanizmasÕ� �]HULQGH�

\DSWÕ÷Õ� oDOÕúPDGD�� '-%� \|QO�� ELU� NXúDN� úHNOLQGH� /�WHVL\HQ� \DúOÕ� YRONDQLNOHULQ�
kalkalkalen karakterde bir andezit-GDVLW� GL]LVL� ROGX÷XQX� LIDGH� HWPLúWLU��2OGXNoD�
JHQLú� DODQODU� NDSOD\DQ� (RVHQ� YRONDQLNOHUL� YH� EXQX� L]OH\HQ� JUDQLW-granodiyorit 

sokulumlDUÕQÕQ�.X]H\�$QDGROX��3RQWLG��NÕWDVÕQÕQ�J�QH\�NHQDUÕQGD�/�WHVL\HQ¶�GH�
JHOLúHQ� ELU� OLWRVIHU� \LWLPLQH� DLW� ROGX÷XQX� |QH� V�UHUHN� DQGH]LWLN� YRONDQL]PD\Õ�
J�QH\GHQ� VÕQÕUOD\DQ� .X]H\� $QDGROX� RIL\ROLW� NDUPDúÕ÷ÕQÕQ� LVH� \LWHQ� RN\DQXV�
NDEX÷XQX�WHPVLO�HWWL÷LQL�VDYXQPXúWur.  

<ÕOPD]������D���7RNDW�LOH�6LYDV�DUDVÕQGDNL�E|OJHGH�RIL\ROLWOL�NDUÕúÕQ�\DúÕ�
YH� Lo\DSÕVÕQÕ� LQFHOHGL÷L� oDOÕúPDVÕQGD�� LQFHOHPH� DODQÕQÕQ� NX]H\LQGH� NDUÕúÕN�
�PHODQJH�� J|U�Q�P�QGH� RODQ� PHWDPRUILN� ND\DODUÕQ� \HúLOúLVW� YH� 3HUPL\HQ� \DúOÕ�
NULVWDOOHúPLú�NLUHoWDúODUÕQGDQ�ROXúWX÷XQX�EHOLUWPLúWLU��*�QH\GH�LVH�\D\JÕQ�RODUDN�
\�]H\OH\HQ� PHWDPRUILWOHULQ� DOWWD� \HúLOúLVW� DUD� NDWNÕOÕ� NDONúLVW� YH� PHUPHU�� �VWWH�
NXYDUVLW� ROPDN� �]HUH� LNL� E|O�PGHQ� ROXúWX÷XQX� EHOLUWPLúWLU�� .X]H\GH� RIL\ROLWOL�
NDUÕúÕN� �]HULQH�� RIL\ROLWOL� NDUÕúÕNWDQ� Würeyen olistostrom düzeyleri kapsayan Üst 

6HQRQL\HQ� \DúOÕ� SHODMLN� NLUHoWDúODUÕQÕQ� X\XPVX]OXNOD� RWXUGX÷XQX� YH� EX� YHULOHUH�
GD\DQDUDN� RIL\ROLWOL� NDUÕúÕ÷ÕQ� E|OJH\H� \HUOHúLPLQLQ�6HQRPDQL\HQ–Alt Senoniyen 

DUDVÕQGD�RODELOHFH÷LQL�LOHUL�V�UP�úW�U��*�QH\GH�LVH�RIL\ROLWOL�NDUÕúÕN�YH�.DUDoD\ÕU�
FLYDUÕQGDNL� PHWDPRUILWOHULQ� JUDQRGL\RULWOHU� WDUDIÕQGDQ� NHVLOGL÷LQL� EHOLUWPLúWLU���
1HRMHQ� \DúOÕ� ELULPOHULQ� LVH� NDUDVDO� ROGX÷XQX� YH� W�P� ELULPOHU� �]HULQH�
X\XPVX]OXNOD�JHOGL÷LQL�EHOLUWPLúWLU�� 
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<ÕOPD]� �����E��� 7RNDW� LOL� 6LYDV� DUDVÕQGDNL� E|OJHGH� ED]Õ� YRONDQLNOHULQ�
SHWURNLP\DVÕQÕ�LQFHOHGL÷L�oDOÕúPDGD���RIL\ROLWOL�NDUÕúÕN�LoHULVLQGH�\HU�DODQODUÕQ��,��
JUXS�YRONDQLNOHU��RN\DQXV�RUWDVÕ� VÕUWODUGD�ROXúDQ� WROH\LWLN�ND\DODUÕQ�|]HOOLNOHULQL�
WDúÕGÕ÷ÕQÕ�� hVW� .UHWDVH� �RODVÕOÕ� 7XURQL\HQ�� \DúOÕ� YRONDQiklerin (II. grup 

YRONDQLNOHU�� \LWLP� NXúDNODUÕQGD� ROXúDQ� YRONDQLNOHUOH� |]GHú� ROPDNOD� ELUOLNWH� DGD�
\D\Õ� ROXúXPXQXQ� LON� DúDPDVÕQÕ� YH� GHYDPÕQÕ� EHOLUOH\HQ� NDONDONDOLQ� YRONDQLW�
QLWHOL÷LQGH� ROGX÷XQX� YH� (RVHQ� YH\D� E�\�N� RODVÕOÕNOD� GDKD� JHQo� \DúWD� RODQ�
volkaniklerLQ� �,,,�� JUXS� YRONDQLNOHU�� NDONDONDOLQ� ND\DODUÕQ� IDUNOÕODúPDVÕQÕQ� VRQ�
�U�Q��ROGX÷XQX�EHOLUWPLúWLU�� 

Gökçen (1982), Zara-+DILN�YH�5HIDKL\H�E|OJHOHULQGHNL�\DSWÕ÷Õ�oDOÕúPDGD�
(RVHQ�ILOLúLQH�DLW�GHWD\OÕ�oDOÕúPDODU�\DSPÕúWÕU��� 

<ÕOPD]� ��������7RNDW� �'XPDQOÕGD÷Õ�� LOH� 6LYDV� �dHOWHNGD÷Õ�� GROD\ODUÕQÕQ�
WHPHO� MHRORMLVL� YH� RIL\ROLWOL� NDUÕúÕ÷ÕQ� NRQXPX� KDNNÕQGD� \DSWÕ÷Õ� oDOÕúPDGD��
LQFHOHPH� DODQÕ� LoHULVLQGH� (RVHQ� |QFHVL� �o� WHNWRQLN� ELULPLQ� \HU� DOGÕ÷ÕQÕ�
EHOLUWPLúWLU�� %XQODU�� NX]H\GH� 7RNDW� 0HWDPRUILWOHUL�� J�QH\GH� $NGD÷PDGHQL�
0HWDPRUILWOHUL� YH� LNL� ELULP� DUDVÕQGD� \HU� DODQ� RIL\ROLWOL� NDUÕúÕN� LOH� NDUÕúÕ÷ÕQ� |UW��
ND\DODUÕ�ROGX÷XQX�LIDGH�HWPLúWLU� 

<ÕOPD]� YH� g]HU� �������� .X]H\� $QDGROX� %LQGLUPH� .XúD÷Õ¶� QÕQ�
$NGD÷PDGHQL� �<R]JDW�� LOH� .DUDoD\ÕU� �6LYDV�� DUDVÕQGDNL� E|O�P�QGH� \DSWÕNODUÕ�
oDOÕúPDGD��LQFHOHPH�DODQÕQÕQ�WHPHOLQLQ�úLVW��JQD\V��DPILEROLW��PHUPHU�YH�NXYDUVLW�
JLEL� PHWDPRUILWOHU� YH� hVW� .UHWDVH� \DúOÕ� RIL\ROLWOL� NDUÕúÕN� LOH� NDUÕúÕ÷ÕQ� |UW��
ND\DODUÕQÕQ� ROXúWXUGX÷XQX�� (RVHQ� \DúOÕ� GL]LQLQ� \HU� \HU� JUDQLWLN� \DGD� VL\HQLW�
ND\DODU� WDUDIÕQGDQ� NHVLOHQ� ELULPOHU� �]HULQH� DoÕOÕ� X\XPVX]OXNOD� JHOGL÷LQL�
EHOLUWPLúOHUGLU��(RVHQ�GL]LVLQL�GRPVDO�ELU�\DSÕGD�RODQ�YRONDQLNOHULQ�NHVWL÷LQL��W�P�
bu birimlerin üzerine Neojen-.XYDWHUQHU� \DúOÕ� ED]DOW� DNÕQWÕODUÕ� YH� NDUDVDO�
ROXúXNODUÕQ� DoÕVDO� X\XPVX]OXNOD� JHOGL÷LQL� LIDGH� HWPLúOHUGLU�� %|OJHQLQ�
J�Q�P�]GHNL�NRQXPXQX�E|OJHVHO�\�NVHOPH�VRQXFX�NDUD�KDOLQH�JHOPH��VÕNÕúPD�YH�
ED]DOWLN�YRONDQL]PD�LOH�DOGÕ÷ÕQÕ�|QH�V�UP�úOHUGLU�� 

8ODNR÷OX� �������� 6XúHKUL� YH� GROD\ÕQÕQ� MHRORMLVLQL� LQFHOHGL÷L� oDOÕúPDGD��
E|OJHGH�HQ�DOWWD�6XúHKUL�6HUSDQWLQLWL�RODUDN�DGODQGÕUGÕ÷Õ�hVW�-XUD-$OW�.UHWDVH�\DúOÕ�
XOWUDED]LN� ND\DoODUÕQ� \HU� DOGÕ÷ÕQÕ�� EX� ELULPOHU� �]HULQH� /�WHVL\HQ� \DúOÕ� ILOLú�
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NDUDNWHUOL� ELULPOHULQ� JHOGL÷LQL� YH� (RVHQ� VRQODUÕQD� GR÷UX� .|VHGD÷� 6L\HQLWL¶� QLQ�
E|OJH\H� \HUOHúWL÷LQL� EHOLUWPLúWLU�� %X� ELULP� �]HULQH� 2OLJRVHQ� \DúOÕ� 6HOLPL\H�
)RUPDV\RQXQXQ� JHOGL÷L� YH� EX� ELULPLQGH� DoÕVDO� X\XPVX]OXNOD� $NLWDQL\HQ-

%XUGLJDOL\HQ� �$OW� 0L\RVHQ�� \DúOÕ� ELULPOHUL� �]HUOHGL÷LQL� LIDGH� HWPLúWLU�� 3OL\RVHQ�
\DúOÕ�ELULPOHULQ�LVH�DoÕVDO�X\XPVX]OXNOD�E|OJH\H�\HUOHúWL÷L�YH�HQ�JHQo�o|NHOOHrin 

.XYDWHUQHU�\DúOÕ�DO�Y\RQODU�ROGX÷XQX�EHOLUWPLúWLU�� 
<ÕOPD]� �������� <XNDUÕ� .HONLW� oD\Õ� YH� 0XQ]XU� 'D÷ODUÕ DUDVÕQÕQ� WHPHO�

MHRORML� |]HOOLNOHULQL� LQFHOHGL÷L� oDOÕúPDVÕQGD�� E|OJHGH� /L\DV� |QFHVL��hVW�.UHWDVH-

3DOHRVHQ�� (RVHQ� VRQX� YH� VRQUDVÕ� \DúODUGD� RODQ� �o� DGHt asidik karakterli 

PDJPDWL]PD��U�QOHULQLQ�ROGX÷XQX��3RQWLWOHUGH�hVW�.UHWDVH�\DúOÕ�ROXúXNODUÕQ�DOW-
orta düzeylerinde dasitik, üst düzeylerinde ise andezitik-bazaltik volkanitlerin yer 

DOGÕ÷ÕQÕ�LIDGH�HWPLúWLU��%X�PDJPDWLN�YH�YRONDQLN��U�QOHULQ�hVW�.UHWDVH-Paleosen 

VÕUDVÕQGD�NÕWD�NDEX÷XQD�\HUOHúPLú�GL\DSLUOHULQ�\HQLGHQ�KDUHNHWL� VRQXFX�ROXúPXú�
RODELOHFH÷LQL�VDYXQPXúWXU�� 

<ÕOPD]�YH�GL÷����������<XNDUÕ�.HONLW�oD\Õ�\|UHVL�YH�J�QH\LQGH�\DSWÕNODUÕ�
oDOÕúPDGD�� (RVHQ� VRQX� \DúWD� RODQ� VL\HQLWLN� YH� \HU� \HU� JUDQLWLN� NDUDNterde 

ROGX÷XQX� EHOLUWWLNOHUL� PDJPDWLNOHUL� ³.|VHGD÷� 0DJPDWLNOHUL´� RODUDN�
DGODQGÕUPÕúODUGÕU�� %X� VRNXOXP� ND\DODUÕQÕQ� ROXúXP� RUWDPODUÕQÕQ� \D\� RUWDPÕ�
ROGX÷XQX�|QH�V�UP�úOHUGLU�� 

Ünal (1987),� .DUDoD\ÕU¶� GD� \HU� DODQ� VL\HQLWOHULQ� �� IDUNOÕ� PLQHUDORMLN�
karakterde (amfibol-biyotit siyenit, nefelin siyenit, biyotit-muskovit siyenit, 

NXYDUV� VL\HQLW�� PXVNRYLW� VL\HQLW�� ROGX÷XQX� YH� VDKDGD� GDLUHVHO� ELU� ]RQODQPD�
J|VWHUGL÷LQL� LOHUL� V�UP�úW�U�� ,-WLSL� JUDQLWR\LW� |]HOOL÷LQH� VDKLS� ROGX÷XQX� EHOLUWWL÷L�
.DUDoD\ÕU� PDVLILQLQ� PLQHUDORMLN� YH� SHWURJUDILN� |]HOOLNOHULQLQ� �� IDUNOÕ� HYUHGH�
�ELULQFL�HYUHGH�PDVLILQ�Lo�NÕVÕPODUÕ�ROXúPXúWXU��LNLQFL�HYUHGH�LVH�PLNURNOLQOHúPH��
DOELWOHúPH�� PXVNRYLWOHúPH� YH� NORULWOHúPH� úHNOLQGH� PLQHUDO� G|Q�ú�POHULQLQ�
JHOLúPLúWLU�� PH\GDQD� JHOGL÷LQL� EHOLUWPLúWLU�� 0LQHUDlojik ve petrografik 

LQFHOHPHOHUH� GD\DQDUDN� PDVLILQ� G�ú�N� VÕFDNOÕNWD� RUWD� GHULQOLNWH� �PH]R]RQ���
yüksek pH22� EDVÕQFÕ� DOWÕQGD� YH� \DYDú� \DYDú� NULVWDOOHQHUHN� E|OJH\H� \HUOHúWL÷LQL�
VDYXQPXúWXU��� 
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hú�PH]VR\�YH�8ODNR÷OX���������.|VHGD÷�6L\HQLWLN�3O�WRQX¶�QXQ�6XúHKri 

|Q�oXNXU�oDQD÷ÕQÕQ�(RVHQ�\DúOÕ�NXPWDúÕ�YRONDQLWOHU�LoHULVLQH�\HUOHúPLú�ROGX÷XQX�
YH� EX� VL\HQLW� N�WOHVLQLQ� (RVHQ� \DúOÕ� YRONDQ� PDJPDVÕQÕQ� HYULPOHúPLú� �U�Q��
ROGX÷XQX�LOHUL�V�UP�úOHUGLU� 

$NWLPXU� YH� GL÷�� ������� Sivas-(U]LQFDQ� 7HUVL\HU� KDY]DVÕQÕQ� MHRORMLVLQL�
LQFHOHGLNOHUL�oDOÕúPDGD��KDY]DQÕQ�J�QH\LQLQ�0XQ]XU�.LUHoWDúÕ��NX]H\EDWÕVÕQÕQ�LVH�
.DUDoD\ÕU�)RUPDV\RQX� LOH�VÕQÕUOÕ�ROGX÷X��$OW�.DPSDQL\HQ-$OW�0DHVWULKWL\HQ�\Dú�
DUDOÕ÷ÕQGD�E|OJH\H�5HIDKL\H�RIL\ROLWOL�NDUÕúÕ÷ÕQÕQ�\HUOHúWL÷L EHOLUWLOPLúWLU��2IL\ROLWOL�
NDUÕúÕ÷ÕQ� hVW� 0DHVWULKWL\HQ� \DúOÕ� NDUERQDWOÕ� VÕ÷� GHQL]� o|NHOOHUL� WDUDIÕQGDQ�
X\XPVX]OXNOD� |UW�OG�÷�Q��� EX� NDUERQDWODUÕQ� 3DOHRVHQ-(RVHQ� \DúOÕ� ROLVWRVWURPDO�
ILOLú�|]HOOL÷LQGHNL�GHULQ�GHQL]�VHGLPDQODUÕQD�JHoWL÷L�YH�2OLJR-Miyosen ve Alt-Orta 

0L\RVHQ� \DúOÕ� NÕUÕQWÕOÕODU� YH� NDUERQDWODUÕQ� GDKD� \DúOÕ� ELULPOHUL� X\XPVX]� RODUDN�
|UWW�÷�Q�� LIDGH� HWPLúOHUGLU�� %|OJHQLQ� hVW� /�WHVL\HQ¶� GHQ� LWLEDUHQ� NDUDODúPD\D�
EDúODGÕ÷ÕQÕ��hVW�0L\RVHQ�VRQODUÕQD�GR÷UX�WDPDPHQ�NDUDODúWÕ÷ÕQÕ�YH�1HR-tektonik 

G|QHPGH�ROXúDQ�ID\ODUD�ED÷OÕ�RODUDN�WUDYHUWHQOHULQ�o|NHOGL÷LQL�|QH�V�UP�úOHUGLU�  
.D]DQFÕ� �������� 6XúHKUL� FLYDUÕQGDNL� *Ho� 0L\RVHQ� WRUWXOODUÕQÕQ�

VHGLPDQWRORMLN�|]HOOLNOHULQL�LQFHOHGL÷L�oDOÕúPDVÕQGD��NDUDVDO�0L\RVHQ�WRUWXOODUÕQÕQ�
.X]H\� $QDGROX� )D\� =RQX¶� QD� SDUDOHO� RODUDN� \�]H\OHGL÷LQL� YH� EX� LVWLILQ�.X]Hy 

$QDGROX�)D\Õ�|QFHVL�KÕ]OD�GRODQ�ELU�GHSRODQPD�E|OJHVL�ROGX÷XQX�VDYXQPXúWXU��� 
Gökten (1993), <ÕOGÕ]HOL��6LYDV��J�QH\LQGH�$NGD÷�0HWDPRUILWOHUL�YH�|UW��

ND\DODUÕQÕQ� VWUDWLJUDILVL� YH� WHNWRQL÷LQL� RUWD\D� NR\PDN� LoLQ� \DSWÕ÷Õ� oDOÕúPDGD��
LQFHOHPH� DODQÕQÕQ� J�QH\� NHVLPLQGH� EDúOÕFD� $NGD÷� PDVLILQH� DLW� PHWDPRUILN�
ND\DODUÕQ�� EX� PDVLI� LoHULVLQGH� (RVHQ� |QFHVL� G|QHPGH� VRNXOPXú� LQWU�]LIOHU� LOH�
PDVLILQ� (RVHQ� YH� GDKD� JHQo� \DúOÕ� |UW�� ND\DODUÕQÕQ� \�]H\OHGL÷LQL� EHOLUWPLúWLU��
<ÕOGÕ]HOL� J�QH\LQGH�$NGD÷�0HWDPRUILWOHUL¶�QLQ�ELU�KRUVW�\DSÕVÕQGD�EXOXQGX÷XQX�
YH�EX�ND\DoODUÕQ�(RVHQ�WRUWXOODUÕ�LOH�QRUPDO�ID\OÕ�ROGX÷XQX�LOHUL�V�UHUHN�/�WHV\HQ�
YH�VRQUDVÕQGDNL�VÕNÕúPD�UHMLPLQLQ�HWNLOHULQLQ�E|OJHGH�ELU�|UW��WHNWRQL÷L�ELoLPLQGH�
J|U�OG�÷�Q�� VDYXQPXúWXU�� (RVHQ� \DúOÕ� VHGLPDQWHU� ND\DoODUÕQ� NX]H\GH ofiyolitli 

NDUÕúÕN� �]HULQH� X\XPVX]OXNOD�� .DUDoD\ÕU� GROD\ÕQGD� LVH� PHWDPRUILWOHULQ� �]HULQH�
DoÕVDO�X\XPVX]OXNOD�JHOGL÷LQL�LIDGH�HWPLúWLU�� 
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%R]WX÷� YH� GL÷�� �������� øo-'R÷X� $QDGROX� DONDOLQ� SURYHQVL� GR÷X�
NHVLPOHULQGH� \�]H\OH\HQ� .|VHGD÷� %DWROLWL¶� QLQ� SHWURJUDILVL�� SHWURNLP\DVÕ� YH�
SHWURMHQH]LQL�LQFHOHGLNOHUL�oDOÕúPDGD��hVW�(RVHQ�\DúOÕ�.|VHGD÷�%DWROLWL¶�QLQ�2UWD�
(RVHQ�\DúOÕ�YRONDQR-sedimanter birime ait traki-bazalt ve bazaltik-trakiandezitleri 

NHVWL÷L� YH� $OW� 0L\RVHQ� �$NLWDQL\HQ�� \DúOÕ� ODJ�QHU� NLUHoWDúODUÕ� WDUDIÕQGDn 

X\XPVX]OXNOD�|UW�OG�÷��EHOLUWLOPHNWHGLU��.|VHGD÷�%DWROLWL¶�QLQ�GR÷X�NHVLPL�RUWD-

NDED� YH� LQFH� WDQHOL� RODUDN� LNL� IDVL\HVH� D\UÕOPÕú� ROXS�� EXQODUGDQ� DQD� N�WOH\L�
ROXúWXUDQ� RUWD-kaba taneli fasiyesin genellikle kuvars siyenit, siyenit ve ender 

olarak monzonitiN�ND\DoODUGDQ�ROXúWX÷X��DQD�N�WOH�LoHULVLQH�VRNXOXP�\DSDQ�LQFH�
WDQHOL�IDVL\HVLQ�LVH�VL\HQLWLN�ND\DoODUGDQ�ROXúWX÷X�LIDGH�HGLOPLúWLU��%X�oDOÕúPDGD�
VL\HQLWLN� YH� PRQ]RQLWLN� ND\DoODUÕQ� NDIHPLN� �&$)(0��� PHWDO�PLQR�� NDW\RQLN�
�1D�.��$O� SDUDPHWUHVL� RODQ� VLOLV� EDNÕPÕQGDQ� GR\JXQ� DONDOLQ� �$/.6�� |]HOOLNWH�
ELU�PDJPD�WLSLQH�VDKLS�ROGX÷X�YH�JHo�RURMHQLN��OHYKD�LoL�JUDQLWR\LGOHUL�NDUDNWHUOL��
oDUSÕúPD� VRQUDVÕ� ELU� MHRGLQDPLN� RUWDPD� ED÷OÕ� RODUDN� JHOLúHELOHFH÷L� |QH�
V�U�OP�úW�U�� .|VHGD÷� %DWROLWL¶� QLQ� 1HR-Tetis’ in kuzey kolunun� NX]H\H� GR÷UX�
\LWLPL�LOH�LOJLOL�oDUSÕúPD\D�ED÷OÕ�NDEXN�NDOÕQODúPDVÕQÕQ�VRQODUÕQGD��SDVLI�NHQDUGD�
PH\GDQD� JHOHQ� JHULOPH� UHMLPL� LOH� JHOLúHELOHFHN� RODQ� PDQWR� \�NVHOLPLQGHQ�
PDO]HPH� DODQ� YH� DOW� NDEXNWDQ� GD� NLUOHQHQ� ELU� SHWURMHQH]�PHNDQL]PDVÕQD� VDKLS�
RODELOHFH÷L�EHOLUWLOPLúWLU�   

8\VDO�YH�GL÷����������.R\XOKLVDU��6LYDV��GROD\ÕQGD�\DSWÕ÷Õ�oDOÕúPDGD�2UWD�
(RVHQ�\DúOÕ�YRONDQLNOHULQ�oDUSÕúPD�VRQUDVÕ�JHOLúWL÷LQL�YH�\HU�\HU�NDONDONDOHQ��\HU�
\HUGH� DONDOHQ� |]HOOLN� J|VWHUGL÷LQL� EHOLUWPLú� YH� EX� YRONDQLWOHULQ�hVW� (RVHQ� \DúOÕ 
.|VHGD÷� 3O�WRQX� WDUDIÕQGDQ� YH� GDKD� VRQUDNL� G|QHPGH� GH�hVW� (RVHQ� VRQODUÕQGD�
DQGH]LW� YH� W�IOHUGHQ� ROXúDQ� GD\NODUOD� NHVLOGL÷LQL� YH� oDUSÕúPD� VRQUDVÕ� RODUDN�
\RUXPODQDQ� EX� GD\NODUÕQ� JHQHOOLNOH� NDONDONDOHQ� YH� VH\UHN� RODUDN� GD� DONDOHQ�
|]HOOLN�J|VWHUGL÷LQL�DoÕNODPÕúWÕU�� 

<ÕOPD]� YH� GL÷�� �������� $NGD÷� PDVLIL� YH� GROD\ÕQGD� \�]H\OH\HQ� ND\Do�
WRSOXOXNODUÕQÕQ� LOLúNLOHUL� YH� JHOLúHQ�\DSÕVDO� XQVXUODUÕ� LQFHOHGLNOHUL� oDOÕúPDODUÕQGD�
$NGD÷PDGHQL� /LWRGHPL¶� QLQ� JDEURGDQ� JUDQLWH� NDGDU� GH÷LúHQ� IDUNOÕ� LQWU�]LI�
N�WOHOHU�WDUDIÕQGDQ�NHVLOGL÷LQL�D\UÕFD�JDEUR\LN�ND\DoODUÕQGD�\HU�\HU�DVLGLN�GD\N�YH�
VRNXOXPODU�WDUDIÕQGDQ�NHVLOGL÷LQL�EHOLUWPLúOHUGLU��� 
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%R]WX÷� YH� GL÷�� �������� .DUDoD\ÕU� 6L\HQLWLN� 3O�WRQX¶� QXQ� hVW� .UHWDVH�
VRQUDVÕ-2UWD� (RVHQ� |QFHVL� ELU� \DúD� VDKLS� ROGX÷XQX�� SO�WRQXQ� DQD� N�WOHVLQLQ� iki 

PLNDOÕ� VL\HQLWOHU� LOH� LNL� PLNDOÕ� QHIHOLQ� VL\HQLWOHUGHQ� ROXúWX÷XQX� EHOLUWHUHN� EX�
SO�WRQXQ�2UWD� $QDGROX� oDUSÕúPD� VRQUDVÕ� DONDOL� SO�WRQL]PDQÕQ� |QHPOL� ELU� �\HVL�
ROGX÷XQX�LIDGH�HWPLúOHUGLU��.DUDoD\ÕU�3O�WRQX¶�QXQ�W�PND\Do�DQD�YH�HVHU�HOHPHQW�
MHRNLP\DVÕ� YHULOHULQH� GD\DQDUDN� DQRURMHQLN�OHYKD� LoL�oDUSÕúPD� VRQUDVÕ� NDUDNWHU�
VHUJLOHGL÷LQL�� MHRORMLN� NRQXPX�� PLQHUDORMLN-petrografik ve jeokimyasal 

özelliklerine göre de A-WLSL� NDUDNWHUGH� ROGX÷XQX� EHOLUWPLúOHUGLU�� -HRORMLN� YH�
DQDOLWLN� YHULOHU� GR÷UXOWXVXQGD� .DUDoD\ÕU� 3O�WRQX¶� QXQ� NDEXNVDO� EXODúPD\D�
X÷UDPÕú� PDQWR� N|NHQOL� DONDOLQ� ELU� PDJPDGDQ� LWLEDUHQ� NULVWDOOHúWL÷L�� E|\OH� ELU�
PDJPD�ND\QD÷ÕQÕQ�LVH�oDUSÕúPD�VRQUDVÕ�JHOLúHQ�OLWRVIHULN�LQFHOPH\H�ED÷OÕ�RODUDN�
\�NVHOHQ�PDQWR�PDO]HPHVLQLQ� DGL\DEDWLN� GHNRPSUHV\RQ� NRúXOODUÕ� DOWÕQGD� NÕVPL�
HUJLPH\H�X÷UDPDVÕ�VRQXFX�ROXúDELOHFH÷LQL�LOHUL�V�UP�úOHUGLU���� 

Özden ve Alpaslan (1996), Kurtlapa-dHOWHN� �6LYDV� NX]H\L�� DUDVÕQGD�
RIL\ROLWOL� NDUÕúÕN� LoHULVLQGH�\HU�DODQ�GL\DED]ODUÕ� MHRORMLN�NRQXPODUÕ��PLQHUDORMLN–

petrografik ve jeokimyasal özelliklHULQH�J|UH�LNL�JUXED��.XUWODSD�'L\DED]Õ��dHOWHN�
'L\DED]Õ�� D\ÕUPÕú�YH�NDUúÕODúWÕUPDOÕ�RODUDN� LQFHOHPLúOHUGLU�� -HRNLP\DVDO�YHULOHUH�
YH�E|OJHQLQ�MHRORMLN�NRQXPXQD�GD\DQDUDN�.XUWODSD�'L\DED]Õ¶�QÕQ�RN\DQXV�RUWDVÕ�
VÕUWÕ� ED]DOWÕ� NDUDNWHULQGH� ROGX÷XQX� YH� 1HRWHWLV� okyanusunun kuzey kolunun 

DoÕOPDVÕ�VÕUDVÕQGD�JHOLúWL÷LQL��dHOWHN�'L\DED]Õ¶�QÕQ��LVH�G�ú�N�SRWDV\XPOX�WROH\LWLN�
YH�DGD�\D\Õ�WROH\LWL�NDUDNWHULQGH�ROGX÷X�YH�1HRWHWLV�RN\DQXVXQXQ�NX]H\�NROXQXQ�
NDSDQPDVÕQÕ� L]OH\HQ� HYUHGH� �VW� PDQWR� PDO]HPHVLQLQ� NÕVPL� HUJLPHVLQH� ED÷OÕ�
RODUDN�JHOLúHQ�GD\NODU�RODELOHFH÷LQL�VDYXQPXúODUGÕU�� 

Özden ve Över (1998), 6LYDV� KDY]DVÕ� NX]H\� NHQDUÕQGD� �6DNDUGD÷��
7HUVL\HU� \DúOÕ� JHULOPH� GXUXPODUÕQÕQ� VDSWDQPDVÕQD� ID\� WRSOXOXNODUÕQÕQ� NLQHPDWLN�
DQDOL]L\OH� ELU� \DNODúÕPGD� EXOXQPXúODUGÕU�� %|OJHGH� (UNen–2UWD� (RVHQ� \DúOÕ�
ELULPOHUGH��*Ho��(RVHQ��|QFHVL��ELU��WHNWRQLN��ID]ÕQ��31); Erken–Orta Eosen ve Geç 

Miyosen–�3OL\RVHQ��\DúOÕ��ELULPOHUGH��LVH��*Ho�(RVHQ��YH��VRQUDVÕ��G|QHPL��WHPVLO��
HGHQ��LNLQFL�ELU�WHNWRQLN�ID]ÕQ��32��YDUOÕ÷ÕQÕ�VDSWDPÕúODUGÕU��� 

Efe ve Gökçe (1999),� 0DGHQ� N|\�� �øPUDQOÕ-Sivas) çevresindeki Pb-Zn 

\DWDNODUÕQGD� \DSWÕNODUÕ� oDOÕúPDGD�� E|OJHGHNL� NXUúXQ-oLQNR� \DWDNODUÕQÕQ� 0DGHQ�
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9RONDQLWOHUL¶� QL� YH� .|VHGD÷� 6L\HQLWL¶� QL� NHVHQ� ID\� ]RQODUÕ� ER\XQFD� GDPDU� WLSL�
FHYKHUOHúPHOHU�úHNOLQGH�ROGX÷XQX�EHOLUWPLúOHUGLU� 

g]GHQ� YH� GL÷�� �������� .DUDoD\ÕU� 6L\HQLWL¶� QL� NHVHU� NRQXPGD� E|OJH\H�
\HUOHúPLú�RODQ�ED]DOWODUÕQ�\DúÕQÕ�2UWD�0L\RVHQ�ROGX÷XQX�EHOLUWPLúWLU� 

%R]WX÷� �������� .$)=¶� QXQ� NX]H\LQGHNL� %HNWDú\D\OD-dDPEDúÕ� YH�
J�QH\LQGHNL�.|VHGD÷�\|UHOHULQGH�\DSWÕ÷Õ�oDOÕúPDODUGD�hVW�(RVHQ�\DúOÕ�DONDOLQ�YH�
WUDQVDONDOLQ�ELULPOHULQ��MHQHWLN�RODUDN�ELUELUOHUL�LOH�LOLúNLOL�LONVHO�ELU�DONDOLQ�PDJPD�
ND\QD÷ÕQGDQ�LWLEDUHQ�W�UHPLú�RODELOHFHNOHULQL�YH�EX�GHULQOLN�ND\DoODUÕQÕ�ROXúWXUDQ�
PDJPD� ND\QD÷ÕQÕQ� $QNDUD-Erzincan sütur zonu boyunca meydana gelen 

Anatolid-3RQWLG�oDUSÕúPDVÕQÕ� WDNLS�HGHQ�YH�NHQHW�]RQXQXQ�KHU� LNL�NHVLPLQGH�GH�
JHOLúHQ� OLWRVIHULN�GHOHPLQDV\RQD�ED÷OÕ�JHULOPH�UHMLPL�DOWÕQGD�\�NVHOHQ��VW�PDQWR�
PDO]HPHVLQLQ� DGL\DEDWLN� GHNRPSUHV\RQ� PHNDQL]PDVÕ� LOH� NÕVPL� HUJLPH\H�
X÷UDPDVÕ�VRQXFX�PH\GDQD�JHOPLú�RODELOHFH÷LQL�LOHUL�V�UP�úW�U��� 

%R]WX÷� YH� GL÷�� �������� 'R÷X� 3RQWLG¶� OHUGH� 'HUHOL-ùHELQNDUDKLVDU�
bölgesindeki granitoyidlerde apatit fission-WUDFN�\|QWHPL�LOH�\DSWÕNODUÕ�oDOÕúPDGD��
\�NVHOPH� SURILOLQGHNL� \DúODUÕ�� 6HQRQL\HQ¶� GHNL� �� ����+3.2-62.4+����0\�� \DYDú�
\�NVHOPH\L� $YUDV\D� NÕWDVÕ� DOWÕQD� 1HR-7HWLV� GDOPD� ]RQX� �]HULQGH�� oDUSÕúPD�
]RQXQXQ� �VW� NHVLPOHULQH� oDUSÕúPD� LOH� LOLúNLOL� GL\DSLULN� \�NVHOPHOHU� RODUDN�
\RUXPODPÕúODUGÕU�� %XQX� WDNLS� HGHQ� 3DOHRVHQ-Erken Eosen (57.4+2.4-47.8+ 2.4 

My) süresince hÕ]OÕ�\�NVHOLúL�� IDUNOÕ�\DúOÕ�JUDQLWR\LGOHULQ�VÕUDODQPDVÕ��ELOHúLPOHUL�
YH� NDEXN� LoHULVLQH� \HUOHúPH� VHYL\HOHULQLQ�� 3RQWLG� �$YUDV\D�� YH� $QDWROLG�
�*RQGZDQD��DUDVÕQGDNL�oDUSÕúPD�LOH�LOLúNLOL�ROGX÷XQX�EHOLUWPHNWHGLUOHU�� 

%R]WX÷� YH� GL÷�� ������� 'R÷X� 3RQWLGOHUGH� NRmpozit Kaçkar Batoliti’ nin 

$UGHúHQ� �5L]H�-øVSLU� �(U]XUXP�� DUDVÕ� NHVLPLQGH� \DSÕNODUÕ� DSDWLW� ILVVLRQ-track 

MHRWHUPRNURQRORML�oDOÕúPDODUÕQGD���-���PLO\RQ�\ÕOOÕN�DSDWLW� ILVVLRQ� WUDFN�\DúÕ�YH�
\ÕOOÕN����-����PP�\�NVHOLP�RUDQÕQD�VDKLS�oRN�KÕ]OÕ�ELU�WHNWRQLN�\�NVelme modelini 

RUWD\D� NR\PXúODUGÕU�� +Õ]OÕ� WHNWRQLN� \�NVHOPH\L� 2OLJR-Miyosen’ de Anadolu 

OHYKDVÕ� LOH�$UDS� OHYKDVÕQÕQ�oDUSÕúPDVÕ� VRQXFX�PH\GDQD�JHOHQ�JHULOPH� UHMLPL� LOH�
LOLúNLOHQGLUPLúOHGLU�� 

<XNDUÕGD� |]HWOHQHQ� |QFHNL� oDOÕúPDODUD� EDNÕOGÕ÷ÕQGD�� JHQHO� RODUDN�
stUDWLJUDIL�� \DSÕVDO� MHRORML�� E|OJHVHO� MHRORML� �]HULQGH� GXUXOPXú� ROXS� E|OJHGH�
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\�]H\OH\HQ� SO�WRQLN� N�WOHOHULQ� \�NVHN� YH� G�ú�N� VÕFDNOÕNOÕ� MHRWHUPRNURQRORMLN�
\|QWHPOHUOH� \DúODQGÕUÕODUDN� \HUOHúPH� YH� \�]H\OHQPH� WDULKoHOHUL� LOH� 5((�
MHRNLP\DVÕQD�\|QHOLN��D\UÕQWÕOÕ�oDOÕúPDODU�\DSÕOPDGÕ÷Õ�J|U�OPHNWHGLU��%X�QHGHQOH��
EX�<�NVHN�/LVDQV�WH]�oDOÕúPDVÕQGD��.DUDoD\ÕU�6L\HQLWL�YH�.|VHGD÷�%DWROLWL�ND\Do�
örnekleri üzerinde REE analizi� YHULOHUL� LOH� EX� SO�WRQLN� N�WOHOHUL� ROXúWXUDQ�
PDJPDODUÕQ� N|NHQLQH� \|QHOLN� oDOÕúPDODUÕQ� \DQÕ� VÕUD� \�NVHN� VÕFDNOÕNOÕ�
jeotermokronolojik yöntemlerden “tek zirkon 207Pb-206Pb evaporasyon 

yöntemi”� YH� G�ú�N� VÕFDNOÕNOÕ� MHRWHUPRNURQRORMLN� \|QWHPOHUGHQ� GH� “apatit 

fission-track yöntemi”�NXOODQÕODUDN� OLWHUDW�UGH�HNVLNOL÷L�KLVVHGLOHQ�EX�NRQXODUÕQ�
giderilmesi amaoODQPÕúWÕU�� 
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��d$/,ù0$�<g17(0/(5ø 
%X� oDOÕúPD�� (\O�O� ����-+D]LUDQ� ����� WDULKOHUL� DUDVÕQGD�� &XPKXUL\HW�

hQLYHUVLWHVL� )HQ� %LOLPOHUL� (QVWLW�V�� -HRORML� 0�KHQGLVOL÷L� $QDELOLP� 'DOÕQGD�
(Mineraloji-3HWURJUDIL� %LOLP� 'DOÕ�� JHUoHNOHúWLULOPLúWLU�� %X� oDOÕúPDGD� NXOODQÕODQ�
\|QWHP� YH� WHNQLNOHU� DUD]L� YH� ODERUDWXYDU� oDOÕúPDVÕ� ROPDN� �]HUH� LNL� E|O�PGHQ�
ROXúPDNWDGÕU�� 

 
�����$UD]L�dDOÕúPDODUÕ 

 <�NVHN� OLVDQV� WH]L� NDSVDPÕQGD� \DSÕODQ� DUD]L� oDOÕúPDVÕ� ����� \D]�
G|QHPLQGH�EDúODWÕOPÕú�ROXS������\D]�G|QHPLQGH�WDPDPODQPÕúWÕU��6LYDV�LOL�NX]H\-

NX]H\EDWÕVÕQGD�\HU�DODQ�.DUDoD\ÕU�6L\HQLWL¶�QGH�%R]WX÷�YH�GL÷���������WDUDIÕQGDQ�
\DSÕODQ� GHWD\� oDOÕúPDODU�� 6LYDV� LOL� NX]H\GR÷XVXQGDNL� 6XúHKUL� LOoHVLQLQ� J�QH\�
EDWÕVÕQGD�\�]OHN�YHUHQ�.|VHGD÷�%DWROLWL¶�QGH�LVH�.DONDQFÕ���������%R]WX÷�YH�GL÷��
������� YH� %R]WX÷� ������� \DSÕODQ� WHPHO� oDOÕúPDODU� YH� ��������� |OoHNOL� MHRORMLN�
KDULWDODU�GLNNDWH�DOÕQPÕúWÕU� 

<DSÕODQ�EX�oDOÕúPDGD�bölgede yüzeyleyen plütonik kütlelerin 207Pb/206Pb 

WHN� ]LUNRQ� HYDSRUDV\RQ� \|QWHPL\OH� \HUOHúLP� \DúODUÕQÕQ� YH�apatit parçalanma izi 

(fission-track)�\|QWHPL\OH�\�NVHOLP�\DúÕ��\�NVHOLP�KÕ]Õ��\�]H\OHQPH�WDULKoHVLQLQ�
RUWD\D�NRQPDVÕ�DPDoODQGÕ÷Õ�LoLQ�P�PN�Q�ROGX÷X�NDGDU�WD]H�YH�NDUDNWHULVWLN��-5 

NJ��D÷ÕUOÕ÷ÕQGD�WRSODP����DGHW�W�P�ND\Do�|UQH÷L�DOÕQPÕú�YH�EX�ND\Do�|UQHNOHUL�³�
BAL” indLVL�LOH�QXPDUDODQGÕUÕOPÕúWÕU�� 
 

�����/DERUDWXYDU�dDOÕúPDODUÕ 
$UD]LGHQ� DOÕQDQ� ��� DGHW� ND\Do� |UQH÷LQLQ� WDPDPÕQÕQ� SHWURJUDILN� LQFH�

NHVLWOHUL�&�h��-HRORML�0�KHQGLVOL÷L�%|O�P��LQFH�NHVLW�ODERUDWXYDUÕQGD�KD]ÕUODQPÕú�
ve bu kesitlerin mineralojik-petrografik incelHPHOHUL�DOWWDQ�D\GÕQODWPDOÕ�1ø.21�– 

Labophot –3RO� WLSL�ELQRN�OHU�DUDúWÕUPD�PLNURVNRSXQGD�\DSÕOPÕúWÕU��0LNURVNRSLN�
LQFHOHPHOHU� VRQXFXQGD� HQ� WD]H� YH� NDUDNWHULVWLN� ROGX÷X� G�ú�Q�OHQ� ND\Do�
|UQHNOHULQGHQ� W�P� ND\Do� HVHU� YH� QDGLU� WRSUDN� HOHPHQW� DQDOL]OHUL� \DSÕOPÕúWÕU��
%XQXQOD�ELUOLNWH�LQFHOHPH�DODQÕQGDNL�SO�WRQLN�N�WOHOHULQ�\�NVHOLP�\DúÕ��\�NVHOLP�
KÕ]Õ� YH� WLSL� �DSDWLW� ILVVLRQ-WUDFN�� YH� \HUOHúLP� \DúÕ� �206Pb/207Pb tek zirkon 
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HYDSRUDV\RQ� \DúÕ�� DUDúWÕUÕOGÕ÷ÕQGDQ� GROD\Õ� |UQHNOHULQ� W�P�� �]HULQGH� PLQHUDO�
D\ÕUPD�LúOHPOHUL�JHUoHNOHúWLULOPLúWLU�� 

0LQHUDO�D\ÕUPD�LúOHPOHULQLQ�ELU�E|O�P��&XPKXUL\HW�hQLYHUVLWHVL�-HRORML�YH�
0DGHQ� 0�KHQGLVOL÷L� %|O�P�� ODERUDWXYDUODUÕQGD�� PLQHUDO� D\ÕUPD� LúOHPOHULQLQ�
geriye kalan bölümü ve jeotermokronolojik incelemeler ise, Institut für 

Geowissenschaften, Technische Universitat Bergakademie Freiberg (Sachsen, 

$OPDQ\D�¶GHNL�ODERUDWXYDUODUGD�\DSÕOPÕúWÕU� 
<DSÕODQ� PLQHUDO� D\ÕUPD� LúOHPOHUL� D\UÕQWÕOÕ� RODUDN� %|O�P� �����¶� GH�

DQODWÕOPDNWDGÕU��0LQHUDO�D\ÕUPD�LúOHPOHULQLQ�EDVLWOHúWLULOPLú�DNÕú�úHPDVÕ�LVH�ùHNLO�
2��¶�GH�J|VWHULOPLúWLU� 

 

�������7�PND\Do�MHRNLP\DVÕ�DQDOL]OHUL 
 .DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWLQ¶� QLQ� SHWURORMLN� YH� SHWURMHQHWLN�
|]HOOLNOHULQLQ�EHOLUOHQPHVL� DPDFÕ\OD�.DUDoD\ÕU�6L\HQLWL¶�QH�DLW���DGHW� W�P�ND\Do�
|UQH÷LQLQ� HVHU� YH� QDGLU� WRSUDN� HOHPHQW� DQDOL]OHUL��.|VHGD÷�%DWROLWL¶� QGH� LVH� ���
DGHW�W�P�ND\Do�|UQH÷LQLQ�HVHU�YH�QDGLU�WRSUDN�HOHPHQW�DQDOL]OHUL�.DQDGD�$FWODEV�
�$FWLYDWLRQ� /DERUDWRULHV� /7'��� \DSÕOPÕúWÕU�� .DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷�
%DWROLWL¶�QH�DLW�DQD�HOHPHQW�MHRNLP\DVÕ�KDNNÕQGD�VÕUDVÕ\OD�%R]WX÷�YH�GL÷���������
YH�%R]WX÷��������WDUDIÕQGDQ�ROGXNoD�GHWD\OÕ�oDOÕúPDODU�\DSÕOPÕúWÕU�� 
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ùHNLO������0LQHUDO�D\ÕUPD�\|QWHPLQLQ�EDVLWOHúWLULOPLú�DNÕú�úHPDVÕ 

Kayaç 

Minerallerin 
VHUEHVWOHúWLULOPHVL 

Eleme 

<ÕNDPD�YH Kurutma 

.ÕUPD 

Çeneli 
NÕUÕFÕ 

+DONDOÕ�
GH÷LUPHQ 

6DOODQWÕOÕ�PDVD 

0ÕNQDWÕVOD�D\UÕP 

<R÷XQOX÷D�J|UH�D\UÕP��D÷ÕU�VÕYÕODU�LOH� 

2.9 g/cm3’ O�N�D÷ÕU�VÕYÕ 
(tetrabrometan) 

3.3 g/cm3’ O�N�D÷ÕU�VÕYÕ 
(di-iodometan) 

 

>2.9 g/cm3 

 (mafik mineraller, 
apatit, titanit, zirkon) 

<2.9 g/cm3 

 (kuvars, K-feldispat 
ve plajiyoklaz) 

Manyetik separatör 
LOH�D\UÕP 

Apatit+zirkon 

Titanit 

Mafik mineraller 

<3.3 g/cm3 

apatit 

>3.3 g/cm3 

zirkon 
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2.2.2. Mineral ayÕUPD 

Apatit fission-track jeotermokronoloji ve 206Pb/207Pb tek zirkon 

HYDSRUDV\RQ� \|QWHPL� oDOÕúPDODUÕ� \DSPDN� DPDFÕ\OD� \DSÕODQ� PLQHUDO� D\ÕUPD�
LúOHPOHULQGH� L]OHQHQ� \ROODU� DúD÷ÕGD� YHULOPHNWHGLU�� 5DG\RPHWULN� \Dú� WD\LQL� YH�
MHRNLP\D�ROGXNoD�SDKDOÕ�YH�]DPDQ�DOÕFÕ bir yöntemdir. Bu nedenle oldukça özenli 

ELU� oDOÕúPD� JHUHNWLUPHNWHGLU�� %X� oDOÕúPDODUÕQ� EDVDPDNODUÕ� EX� E|O�PGH� GHWD\OÕ�
RODUDN�DQODWÕOPDNWDGÕU� 

 

a. Not tutmak 

��dDOÕúÕODQ� E|OJH\H� DLW� GDKD� |QFHNL� oDOÕúPDODU� GLNNDWOH� VHoLOPHOL� YH� J|]GHQ�
geçirilmelidir. 

��$OÕQDFDN�RODQ�|UQHNOHU�ROGXNoD�GLNNDWOL�ELU�úHNLOGH�VHoLOPHOLGLU� 
��gUQHNOHULQ� KD]ÕUODQPD� DúDPDVÕQGD� NHVLQOLNOH� oRN� GLNNDWOL� YH� WHPL]�

ROXQPDOÕGÕU� 
��.XOODQÕODQ�DOHWOHU��PDNLQHOHU�YH�oDOÕúÕODQ�ODERUDWXYDUODU�WHPL]�ROPDOÕGÕU� 
��+HU�ELU�|UQHN�LoLQ�D\UÕ�ND÷ÕWODU�NXOODQÕOPDOÕGÕU� 
��.XOODQÕODQ�ND÷ÕWODU��]HULQH�KHU�|UQHN� LoLQ�\DSÕODQ� LúOHPOHU�\D]ÕOPDOÕGÕU� �|UQ��

HOHPH��PDQ\HWLN� D\ÕUÕP�YE���YH�D\UÕFD�QRW� HGLOPHVL� JHUHNHQ�|]HOOLNOHU�YDUVD�
PXWODND� \D]ÕOPDOÕGÕU� �|UQ�� \R÷XQOXN� IDUNÕ� QHGHQL\OH� D÷ÕU� VÕYÕ� LOH� \DSÕODQ�
LúOHPOHUGH� KDILI� PLQHraller için d<2.9gr/cm3�� D÷ÕU� PLQHUDOOHU� LoLQ�
d<2.9gr/cm3). 

��+HU�LúOHPGHQ�VRQUD�ELU�VRQUDNL�LúOHPGH�NXOODQÕODFDN�|UQHNOHU�DOÕQPDOÕ�YH�NDODQ�
|UQHNOHU� GDKD� VRQUDNL� G|QHPOHUGH� \DUDUODQÕODFD÷Õ� G�ú�Q�OHUHN� G�]HQOL� ELU�
úHNLOGH�VDNODQPDOÕGÕU� 

 

b. Örnek almak 

JeokronoORML� YH� MHRNLP\D� oDOÕúPDODUÕ� LoLQ� DOÕQDFDN� |UQHNOHUGH� X\XOPDVÕ�
JHUHNHQ�NXUDOODU�DúD÷ÕGD�YHULOPHNWHGLU� 
��$OÕQDQ�|UQHNOHU�ORNDV\RQX�WHPVLO�HWPHOLGLU� 
��%R]XQPDPÕú�WHPL]� |UQHNOHU� DOÕQPDOÕ� YH� DOWHUDV\RQ� \�]H\OHULQGHQ� X]DN�

GXUXOPDOÕGÕU� 
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��gUQHN�PLNWDUÕ�ND\DFÕQ� W�U�Qe (bazik kayaçlardan ~10-20 kg, asidik ve ortaç 

ELOHúLPOL�ND\DoODUGDQ�a�-���NJ��YH�\DSÕODQ�oDOÕúPDQÕQ�DPDFÕQD�X\JXQ�RODUDN�
belirlenmelidir.   

��$OÕQDQ�ND\Do�|UQHNOHULQLQ�NHQDU�YH�N|úHOHUL�oHNLo�\DUGÕPÕ\OD�G�]HOWLOPHOL�YH�
EX�LúOHP�VRQUDVÕQGD�|UQH÷H�DLW�LQGLV�YH�QXPDUD�\D]ÕOPDOÕGÕU� 

��gUQHNOHU� QXPDUDODQGÕUÕOGÕNWDQ� VRQUD� D\UÕ� D\UÕ� JD]HWH� ND÷ÕWODUÕQD� VDUÕOÕS�
EDQWODQPDOÕ�YH�GDKD�VRQUD�SRúHWOHUH�NRQXOPDOÕ�YH�D÷Õ]ODUÕ�NDSDWÕOPDOÕGÕU� 

��%X�oDOÕúPDODU�VÕUDVÕQGD�DOÕQDQ�|UQHNOHULQ�\HUOHUL�NHVLQ�RODUDN�*36�\DUGÕPÕ\OD�
belirleQPHOL�YH�KDULWD��]HULQH�LúDUHWOHQPHOLGLU��[�\�]�NRRUGLQDWODUÕ�� 

 

c. gUQHNOHULQ�NÕUÕOPDVÕ 
$UD]LGHQ� DOÕQDQ� |UQHNOHU� ODERUDWXYDUODUGD� oHNLo� YH� oHúLWOL� DOHWOHU�

\DUGÕPÕ\OD�ROGXNoD�N�o�N�SDUoDODUD�D\UÕOÕU��%X�LúOHPOHU�VÕUDVÕ\OD� 
��gUV� �]HULQGH� oHNLo� \DGD� EDO\R]� \DUGÕPÕ\OD� |UQHNOHU� �-5 cm’ lik parçalara 

D\UÕOÕU�YH�YDUVD�DOWHUH�\�]H\OHUGHQ�DUÕQGÕUÕOÕU� 
��.�o�OW�OHQ� ND\Do� SDUoDODUÕ� DUDVÕQGDQ� HQ� WHPL]� YH� X\JXQ� SDUoDODU� VHoLOLU�

�MHRNURQRORML�YH�MHRNLP\DVDO�oDOÕúPDODU�LoLQ�X\JXQ�RODQ�|UQHNOHU�� 
��6HUEHVWOHúWLUPH� DúDPDVÕ� LoLQ� VHçilen örneklerden arta kalan örnekler 

SRúHWOHQHUHN�VDNODQÕU� 
 

d. 0LQHUDOOHULQ�VHUEHVWOHúWLULOPHVL 
Küçültülen örneklerin uygun boyutlara getirilmesi ve içlerindeki 

PLQHUDOOHULQ� NÕUÕOPDGDQ� \DOQÕ]FD� VHUEHVWOHúPHOHULQL� VD÷ODPDN� LoLQ� oHúLWOL�
PDNLQHOHU�NXOODQÕOÕU�� 
��gUQHNOHU�LON�RODUDN�oHQHOL�NÕUÕFÕGD�VÕUDVÕ\OD�������DUDOÕNODUÕQGD�NÕUÕODUDN�IÕQGÕN�

E�\�NO�÷�QGH�a����FP¶�GHQ�GDKD�N�o�N�ER\XWODUD�JHWLULOLU���  
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ùHNLO� ����� &XPKXUL\HW� hQLYHUVLWHVL� -HRORML� 0�KHQGLVOL÷L� .ÕUPD-g÷�WPH�
ODERUDWXYDUÕQGDNL�)ULWVFK�PDUND�oHQHOL�NÕUÕFÕ 
 

��%X� |UQHNOHU� KDONDOÕ� GH÷LUPHQGH� �� VDQL\H� |÷�W�O�U�� g÷�WPH� V�UHVLQLQ� NÕVD�
WXWXOPDVÕQÕQ� HQ� |QHPOL� QHGHQL� ND\DFÕ� ROXúWXUDQ� PLQHUDOOHULQ� WDPDPHQ� WR]�
KDOLQH�JHOPHVLQL�HQJHOOHPHN�YH�VHUEHVWOHúPHVLQL�VD÷ODPDNWÕU�� 

 

         
 

ùHkil 2.3.� &XPKXUL\HW� hQLYHUVLWHVL� 0DGHQ� 0�KHQGLVOL÷L� &HYKHU� +D]ÕUODPD�
ODERUDWXDUÕQGDNL�*\-Ro-0LOO��*OHQ�&UHVWRQ��PDUND�KDONDOÕ�GH÷LUPHQ 

 
��dDOÕúPD� \|QWHPOHULQH� ED÷OÕ� RODUDN� VHoLOHFHN� PLQHUDOOHUH� J|UH� X\JXQ� HOHN�

WDNÕPODUÕ� KD]ÕUODQÕU� �����P����-����P�������P�������P�������P� �������P�
JLEL���g÷�W�OHQ�|UQHN� HOHN� WDNÕPÕ� �]HULQH� NRQXU� YH� VDOOD\ÕFÕ� �VKDFNHU�GD�a��
dakika elenir.  
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ùHNLO������$SDWLW�YH�]LUNRQ�PLQHUDOOHUL�D\UÕPÕ�VÕUDVÕQGD�NXOODQÕODQ������P�������P������
�P¶�OLN�HOHN�WDNÕPODUÕ 

 
(OHN�WDNÕPÕQÕQ��������P��ü]HULQGH�NDODQ�PDO]HPH�\HWHUOL�|UQHN�VD÷ODQDQD�

NDGDU�WHNUDU�|÷�W�O�S�HOHQLU� 
��(OHN�WDNÕPÕ�YH�HOHPH�VRQXFXQGD�HOGH�HGLOHQ�KHU�ELU�HOHN�IUDNVL\RQX�|]HOOLNOH�

������P��-�����P�DUDOÕ÷Õ��DSDWLW�YH�]LUNRQ�PLQHUDOOHULQLQ�EXOXQGX÷X��YH�-425 

�P� ����� �P� µµXOWUDVRQLN� EDQ\R¶¶� \DUGÕPÕ\OD� L\LFH� \ÕNDQÕU� WDPDPHQ�
WHPL]OHQPHVL�VD÷ODQÕU� 

��<ÕNDQDQ�|UQHNOHU� HW�YGH� ��oC’ da ~5-6 saat kurutulur (apatit minerallerinin 

ÕVÕ\D� NDUúÕ� GX\DUOÕ� ROPDVÕ� QHGHQL\OH� VÕFDNOÕ÷ÕQÕQ� ��-50oC’ yi geçmemesi 

gerekir).  

 
 

ùHNLO����� Cumhuriyet ÜniversiteVL�0ø3-$/¶�GHOL�1�YH-)1����PDUNDOÕ�HW�Y 
 

��.XUX\DQ�PLQHUDOOHU�Lo�LoH�JHoLULOPLú�LNL�DGHW�QD\ORQ�WRUED\D�NRQXU�YH�|UQH÷H�
DLW��QXPDUD��IUDNVL\RQ�ELU�ND÷ÕGD�\D]ÕODUDN�SRúHWLQ�NHQDUÕQD�HNOHQLU� 
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e. $\ÕUÕP�\DSPDN 

Belirli fraksiyonlara kadar küçültülen minerallerde; PLQHUDOOHULQ�\R÷XQOXN�
IDUNÕ�YH�PDQ\HWLN�|]HOOLN�WDúÕ\ÕS�WDúÕPDPDVÕQGDQ�\DUDUODQÕODUDN�LVWHQLOHQ�PLQHUDO�
JUXSODUÕ� D\UÕODELOLU�� %X� \|QWHPOHULQ� DQD� EDúOÕNODUÕ� VDOODQWÕOÕ� PDVD�� PÕNQDWÕV� LOH�
D\UÕP�� D÷ÕU� VÕYÕ� �WHWUDEURPHWDQ�� G ���� JU�FP3�� LOH� D\UÕP� �PDILN� PLQHUDller ile 

IHOVLN� PLQHUDOOHULQ� ELUELULQGHQ� D\UÕPÕ��� PDQ\HWLN� VHSHUDW|U� LOH� D\UÕP� �WLWDQLW�
PLQHUDOOHULQLQ�DSDWLW�YH�]LUNRQ�PLQHUDOOHULQGHQ�D\UÕPÕ��YH�D÷ÕU�VÕYÕ��GL-iodometan, 

d=3.3 gr/cm3��LOH�D\UÕP��DSDWLW�LOH�]LUNRQ�PLQHUDOOHULQLQ�ELUELULQGHQ�D\UÕPÕ��RODUDN 

VD\ÕODELOLU�� 
 
1-6DOODQWÕOÕ�0DVD 

 6DOODQWÕOÕ�PDVD��]HULQGH�ELUELULQH�SDUDOHO�úHNLOGH�VÕUDODQPÕú�HúLNOHU�EXOXQDQ��
G|UWJHQ�úHNOLQGH�\DWD\�ELU�G�]OHP�YH�EHVOHPH�DODQÕQGDQ�ROXúXU��6DOODQWÕOÕ�PDVD��
X]XQ�HNVHQL�GR÷UXOWXVXQGDNL�WLWUHúLP�KDUHNHWL�YH�EHVOHPH�DODQÕ�WDUDIÕQGDQ�YHULOHQ�
VX� LOH� ELUOLNWH� EHVOHPHGHNL� WDQHFLNOHULQ� ER\XWODUÕQD�� ED÷ÕO� \R÷XQOXNODUÕQD� J|UH�
D\UÕOPDVÕ� HVDVÕQD� ED÷OÕ� RODUDN� oDOÕúDQ� ELU� VLVWHPGLU�� <R÷XQOX÷X� \�NVHN� RODQ�
WDQHOHU� WDEDNDODúPDGDQ� GROD\Õ� HúLNOHU� DUDVÕQGD� NDOÕUNHQ� PDVDQÕQ� KDUHNHWL�
nedeniyOH�PDVDQÕQ�VRQXQD�GR÷UX�JLGHUOHU��ùHNLO������� 
��6DOODQWÕOÕ� PDVDGD� \R÷XQOX÷X� \�NVHN� PLQHUDOOHU� 167� �D�� \R÷XQOX÷X� G�ú�N�

PLQHUDOOHU�167��E���F�YH�LQFH�WDQHOL�PLQHUDOOHU�167���������ELUELULQGHQ�D\UÕOÕU�� 
��6DOODQWÕOÕ� PDVDGD� D\UÕODQ� PLQHUDO� JUXSODUÕQÕQ� WRSODQPDVÕ� LoLQ� �� IDUNOÕ�

IUDNVL\RQGD���DGHW�HOHN�NXOODQÕOÕU� 
��(OHN� WDNÕPÕ� KHU� |UQHNWHQ� VRQUD� XOWUDVRQLN� FOHDQHU� \DUGÕPÕ\OD� a�� GDNLND�

WHPL]OHQLU��ID]OD�WD]\LNOL�ROPD\DQ�VX�LOH�\ÕNDQÕU��$\QÕ�úHNLOGH�VDOODQWÕOÕ�PDVDGD�
KHU� |UQHNWHQ� VRQUD� �]HULQGH� ELU� |QFHNL� |UQH÷H� DLW� WHN bir tane kalmayacak 

úHNLOGH�WHPL]OHQLU� 
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ùHNLO������6DOODQWÕOÕ�PDVDGD�HúLNOHU�DUDVÕQGDNL�WDEDNDODúPDQÕQ�úHPDWLN�J|VWHULPL 

 

 
 
ùHNLO� ���� 7HFKQLVFKH� 8QLYHUVLWDW� %HUJDNDGHPLH� )UHLEHUJ� PLQHUDO� D\ÕUPD�

ODERUDWXYDUODUÕQGDNL�VDOODQWÕOÕ�PDVa 

 
��$\UÕODQ� EX�PLQHUDOOHU� D\UÕ� D\UÕ� NDEODUD� NRQXODUDN� a��oC’ da 15 saat etüvde 

kurutulur.  

��.XUX\DQ�|UQHNOHULQ�KHUELUL� D\UÕ� D\UÕ� ]DUIODUD�NRQXU�YH��]HUOHULQH�|QFH�|UQHN�
QXPDUDVÕ�GDKD�VRQUD�LVH�VDOODQWÕOÕ�PDVDGD�NXOODQÕODQ�VLPJHOHU�\D]ÕOÕU� 

��<R÷XQOX÷X�G�ú�N�PLneraller (NST 1b, 1c) ve ince taneli mineraller ( NST 2, 

������VDNODQÕU� 
��$÷ÕU�PLQHUDOOHU�RODUDN�D\UÕODQ�JUXSOD��167��D��LOH�oDOÕúPD\D�GHYDP�HGLOLU� 
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(a) (b) 
 

ùHNLO� ���� 7HFKQLVFKH� 8QLYHUVLWDW� %HUJDNDGHPLH� )UHLEHUJ� PLQHUDO� D\ÕUPD�
ODERUDWXYDUODUÕQGDNL�(a) ultrasonik banyo (b) etüv 

 
2-�0DQ\HWLN�D\UÕP 

 
(a)

 

 
(b)

 

 
ùHNLO� ���� 7HFKQLVFKH� 8QLYHUVLWDW� %HUJDNDGHPLH� )UHLEHUJ� PLQHUDO� D\ÕUPD�

ODERUDWXYDUODUÕQGD� (a)�PÕNQDWÕVOD� D\UÕP� LúOHPL� YH� (b)� D\UÕP�VRQXFX�HOGH�HGLOHQ�
mineraller 

 

��$÷ÕU� PLQHUDOOHU� � �167� �D�¶� GHQ� QD\ORQ� SRúHWH� VDUÕOÕ� PÕNQDWÕV� \DUGÕPÕ\OD�
�KDQGPDJQHWLN��PDQ\HWLN�PLQHUDOOHU�D\UÕOÕU��PÕNQDWÕV�QHGHQL\OH�QD\ORQ�SRúHWH�
\DSÕúPÕú� RODQ� PLQHUDOOHU� PÕNQDWÕVÕQ� SRúHWWHQ� oÕNDUÕOPDVÕ\OD� WHPL]� ELU� ND÷ÕW�
üzerine dökülür) ve manyetik olan minerallere MP, manyetik olmayan 

minerallere UP� VLPJHVL� YHULOLU�� +HU� |UQHNWHQ� VRQUD� ELU� |QFHNL� |UQH÷H� DLW�
PLQHUDOOHULQ�PÕNQDWÕV��]HULQH�\DSÕúPD�LKWLPDOLQH�NDUúÕOÕN�PÕNQDWÕV�NRPSUHV|U�
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\DUGÕPÕ\OD� WHPL]OHQLU�� 0DQ\HWLN� PLQHUDOOHU� D\UÕOGÕNWDQ� VRQUD� D÷ÕU� VÕYÕ� LOH�
PLQHUDO�D\ÕUPD�LúOHPOHULQH�GHYDP�HGLOLU�� 

 

3-�$÷ÕU�VÕYÕODU�YH�PDQ\HWLN�VHSHUDW|U�LOH�D\UÕP 

$÷ÕU�VÕYÕ�LOH�\DSÕODQ�D\UÕP�PDILN�PLQHUDOOHU�LOH�IHOVLN�PLQHUDOOHULQ�D\UÕPÕ�
VÕUDVÕQGD�NXOODQÕODQ�WHWUDEURPHWDQ��!����J�FP3) ve apatit ile zirkon minerallerinin 

ELUELULQGHQ�D\UÕPÕ�LoLQ�NXOODQÕODQ�GL-iodometan (>3.3 g/cm3) olmak üzere iki tip 

D÷ÕU� VÕYÕ� LOH� \DSÕOÕU�� $QFDN� EX� LNL� HWDS� DUDVÕQGD� PDQ\HWLN� VHSHUDW|U� LOH� D\UÕP�
EDVDPD÷Õ�GD�YDUGÕU�� 

 
Tetrabrometan (d= 2.9 g/cm3���LOH�D\UÕP�LúOHPL 
 

 

 

TETRABROMETAN: 

Formül: C2H2Br4 

1l= 2.96 kg 

M=345.67 g/mol 

6DIOÕN��*&�>98.5% 

Identity 

(IR-spectrum) passestes 

<R÷XQOXN��G���oC/4oC) 2.960-2.970 g/cm3 

6X�LoHUL÷L�<0.05% 

 
ùHNLO� ����� 0DILN� PLQHUDOOHU� YH� IHOVLN� PLQHUDOOHULQ� ELUELULQGHQ� D\UÕPÕQÕ� VD÷OD\DQ�

tetrabrometan tüU��D÷ÕU�VÕYÕ�YH�|]HOOLNOHUL 
 

��$÷ÕU�VÕYÕ�LOH�D\UÕP�LúOHPLQH�EDúODPDGDQ�|QFH�\R÷XQOX÷XQ������-2.970 g/cm3 

DUDVÕQGD�ELU�GH÷HU�WDúÕ\ÕS�WDúÕPDGÕ÷Õ�EHOLUOHPHN�DPDFÕ\OD�LoHULVLQGH�\R÷XQOX÷X�
d<2.960 g/cm3�RODQ�ELU�PDO]HPH�EXOXQDQ�FDP�oXEXNOD�D÷ÕU�VÕYÕQÕQ�\R÷XQOX÷X�
belirlenmelidir.   
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(b)

 
      
ùHNLO� ����� 7HFKQLVFKH� 8QLYHUVLWDW� %HUJDNDGHPLH� )UHLEHUJ� PLQHUDO� D\ÕUPD�

ORERUDWXYDUODUÕQGD� D÷ÕU� VÕYÕ\OD� D\UÕP� \DSPDGDQ� |QFH� (a)� D÷ÕU� VÕYÕ� �WHWUDEUR�
PHWDQ��\R÷XQOX÷XQXQ�NRQWURO�QGH�NXOODQÕODQ�PDO]HPHOHU�YH�(b)�\R÷XQOXN�|OoHQ�
çXEX÷XQ�D÷ÕU�VÕYÕ�LoHULVLQGH�\�]PHVL 
 

��<R÷XQOX÷X�NRQWURO�HGLOHQ�D÷ÕU�VÕYÕ�D\ÕUPD�KXQLOHULQH�NRQXU�YH��]HULQH�PLQHUDO�
D\ÕUPD� LúOHPL� JHUoHNOHúWLULOHFHN� |UQHN� �83�� ERúDOWÕOÕS� NDUÕúWÕUÕOÕU�� 2UWD�
NHVLPGH� DVÕOÕ� NDODQ� PLQHUDOOHULQ� o|NPHVLQL� \DGD� �VW� NÕVÕPGD� \�]PHVLni 

VD÷ODPDN� DPDFÕ\OD� EX� NDUÕúWÕUPD� LúOHPL� PHNDQLN� NDUÕúWÕUÕFÕODUOD� oRN� G�ú�N�
GHYLUGH�\DGD�KHU����GDNLNDGD�ELU�FDP�oXEXN�\DUGÕPÕ�LOH�\DSÕOÕU��� 

��$÷ÕU� VÕYÕ� LoHULVLQGH� |UQHNOHU� \R÷XQOXN� IDUNODUÕQGDQ� GROD\Õ� LNL� JUXED� D\UÕOÕU�
�ùHNLO� ������� %XQODUGDQ� ELULQFLVL� \R÷XQOX÷X� G!���� J�FP3’ ten büyük olan 

PLQHUDOOHU� �DSDWLW�� WLWDQLW� YH� ]LUNRQ�� )H6�PLQHUDOOHUL� JLEL� D÷ÕU�PLQHUDOOHU� LOH��
mika grubu mineraller, amfibol grubu mineraller ve piroksen grubu mineraller 

JLEL� PDILN� PLQHUDOOHU�� D÷ÕU� VÕYÕ� LoHULVLQGH� D\ÕUPD� KXQLVLQLQ� Gibine çöker, 

LNLQFLVL� LVH� \R÷XQOX÷X� G����� J�FP3’ ten küçük olan minerallerdir (kuvars, 

plajiyoklaz, K-)HOGLVSDW� JLEL� IHOVLN�PLQHUDOOHU�� YH� EXQODU� D÷ÕU� VÕYÕ� LoHULVLQGH�
DVÕOÕ�NDOÕU� 
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(a)

 

           

(b)

 

 
(c)

 

 
ùHNLO� ����� Technische Universitat Bergakademie Freiberg� PLQHUDO� D\ÕUPD�

ORERUDWXYDUODUÕQGD� (a)� D÷ÕU� VÕYÕ\OD� �WHWUDEURPHWDQ�� PDILN� PLQHUDOOHU� �PLNDODU��
amfiboller, piroksenler, aksesuar mineraller) ile felsik minerallerin (kuvars, 

IHOGLVSDWODU��D\UÕPÕ�(b)�\DNÕQ�J|U�Q�P���(c)�D\UÕPÕ�VD÷ODQDQ�PLQHUDOOHU 
 

��%X� úHNLOGH� D\UÕPODQDQ� PLQHUDOOHU� D\ÕUPD� KXQLVL� \DUGÕPÕ\OD� �]HULQH� KDQJL�
JUXED� DLW� ROGX÷X� \D]ÕOPÕú� RODQ� �D÷ÕU� PLQHUDOOHU� LoLQ� +0!���� J�FP3, hafif 

mineraller için LM<2.9 g/cm3�� ILOWUH� ND÷ÕWODUÕQD� DOÕQÕU�� )LOWUH� ND÷ÕWODUÕ�
LoHULVLQGHNL� PLQHUDOOHU� HWDQRO� \DUGÕPÕ\OD� \ÕNDQÕU� YH� NÕUPÕ]Õ� ÕúÕN� DOWÕQGD�
NXUXPD\D�EÕUDNÕOÕU��ùHNLO�����D���.XUX\DQ�|UQHNOHU�|UQHN�QXPDUDODUÕ�YH�KDQJL�
JUXED�DLW�ROGX÷X�\D]ÕOÕ�]DUIODU�LoHULVLQH�NRQXU��ùHNLO�����E���� 
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(a)

 

(b)

 
 
ùHNLO� ������ 0LQHUDO� D\ÕUPD� LúOHPOHUL� VRQUDVÕQGD� (a)� |UQHNOHULQ� NÕUPÕ]Õ� ÕúÕN� DOWÕQGD�

NXUXWXOPDVÕ�YH�(b)�JUXSODQGÕUÕOPDVÕ 
 

0DQ\HWLN� VHSHUDW|U� LOH� D\UÕP� �DSDWLW�]LUNRQ� PLQHUDO� WRSOXOX÷XQXQ�
WLWDQLW�PRQD]LW�PLQHUDO�WRSOXOX÷XQGDQ�D\UÕPÕ�� 

$÷ÕU� VÕYÕ� LOH� \R÷XQOXN� IDUNÕQGDQ� GROD\Õ� D\UÕPODQDQ�PLQHUDOOHU��PDQ\HWLN�
seperatörde manyetik özellik tDúÕ\ÕS�WDúÕPDPDVÕQD�ED÷OÕ�RODUDN��o�JUXED�D\UÕOÕU�� 

0DQ\HWLN� VHSHUDW|U� �� E|OPHGHQ� ROXúPDNWDGÕU�� %XQODUGDQ� LONL� |UQHNOHULQ�
NRQXOGX÷X�YH������YROW�LOH�WLWUHúHQ�YH�|UQHNOHULQ�D\UÕPODQDFD÷Õ�E|O�PH�XODúPDVÕQÕ�
VD÷OD\DQ� NÕVÕPGÕU�� øNLQFLVL�� D\UÕPODQDFDN� PLQHUDO� W�UOHULQH� J|UH� oHúLWOL� DNÕP�
GH÷HUOHUL�LOH�oDOÕúDQ�YH�J|YGHVL�PDQ\HWLN�PLQHUDOOHUL�WXWDQ�ELU�oHNLP�NXYYHWL�DODQÕ�
ROXúWXUDQ�PLQHUDOOHULQ�HVDVHQ�D\UÕOGÕ÷Õ�NÕVÕPGÕU��%X�NÕVÕP�PDQ\HWLN�ROPD\DQ�IDNDW�
ELUELUOHULQH�J|UH�J|UHFHOL�RODUDN�PDQ\HWLN�RODQ�PLQHUDOOHUL�D\ÕUmak için iki yola 

D\UÕODQ�E|O�POHUGHQ�ROXúPDNWDGÕU��ho�QF��NHVLP�LVH�DPSHUPHWUH�YH�YROWPHWUHGHQ�
ROXúPDNWDGÕU�� 

0DQ\HWLN� VHSHUDW|U� oDOÕúWÕUÕOÕS� |UQHNOH� EHVOHQLU� YH� PLQHUDOOHULQ� D\UÕP�
VDKDVÕQD� GR÷UX� \DYDú� \DYDú� JLWPHVL� LoLQ� JHUHNHQ� WLWUHúLP� VD÷ODQÕU�� $\UÕOPD 

VDKDVÕQD� JHOHQ� PLQHUDOOHU� �� JUXED� D\UÕOÕU�� %XQODUGDQ� LON� JUXS� DOHWLQ� J|YGHVLQH�
\DSÕúDQ� YH� J|UHFHOL� RODUDN� GL÷HU� PLQHUDOOHUH� J|UH� GDKD� PDQ\HWLN� RODQ�
PLQHUDOOHUGHQ� ROXúXU� �PLND� JUXEX� PLQHUDOOHU�� DPILERO� JUXEX� PLQHUDOOHU� YH�
piroksen grubu mineraller gibi mafLN�PLQHUDOOHU���øNLQFL�JUXS�DOHWLQ�J|YGHVLQGHQ�
JHoLS� VD÷GD� EXOXQDQ� E|OPH\H� ERúDOÕU� EXQODU�MP� RODUDN� DGODQGÕUÕOÕU� YH� EXUDGD�
EXOXQDQ�PLQHUDOOHU� GL÷HU� E|OPH\H� JHoHQ�PLQHUDOOHUH� J|UH� GDKD� IDUNOÕ� PDQ\HWLN�



 28 

özelliklere sahiptir. Bu kesimde genellikle titanit, monazit vb. mineraller 

bulunur. Sol bölmeye geçen mineraller ise UP RODUDN�DGODQGÕUÕOÕU�YH�EX�PLQHUDO�
WRSOXOX÷X�apatit ve zirkonGDQ�ROXúPDNWDGÕU�� 

 
(b)

 

(a)

 

(c)

 

(d)

 

(e)

 
 
ùHNLO� ����� Manyetik seperatörün (a) genel görünümü, (b)� EHVOHPH� DODQÕ�� (c)� D\UÕP�

VDKDVÕ��(d) voltmetre, (e) ampermetre 

 

%X� D\UÕPODQPD� VRQXFXQGD� PLQHUDOOHU� WDQH� PLNURVNREX� DOWÕQGD� NRQWURO�
HGLOLU� YH� WLWDQLW� YH� DSDWLW�]LUNRQ�PLQHUDOOHUL� ELUELUOHULQGHQ� WDPDPHQ� D\UÕOÕQFD\D�
NDGDU�EX�LúOHPH�GHYDP�HGLOLU�� 
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(a)

 

(b)

 
(c)

 

(d)

 
 

ùHNLO� ������ 0DQ\HWLN� VHSHUDW|UGH� D\UÕPODQDQ� PLQHUDOOHULQ� (a)� LQFHOHQGL÷L� �VWWHQ�
D\GÕQODWPDOÕ�PLNURVNRS� (b)� LQFHOHQPHDúDPDVÕ� (c)� WLWDQLW� �[���E�\�WPH�DOWÕQGD���
(d) apatit+zirkon (x80 büyütme aOWÕQGD���PLQHUDOOHULQLQ�J|U�Q�P� 

 

0DQ\HWLN� VHSHUDW|U� PLQHUDOOHULQ� W�UOHULQH� J|UH� D\UÕPÕQ� WDP� RODUDN�
JHUoHNOHúHELOPHVL� LoLQ� GH÷LúLN� H÷LP� DoÕODUÕ� YHULOHUHN� oDOÕúWÕUÕOÕU�� %X� DoÕODU� YH�
mineral türleri tabloda verilmektedir.  
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Çizelge 2.1. Minerallerin türüQH�ED÷OÕ�RODUDN�PDQ\HWLN�VHSHUDW|UH�YHULOPHVL�JHUHNHQ�H÷LP�
DoÕODUÕ 
 

(öø0���o (öø0��o 

A 

0ÕNQDWÕV 
 

 

Manyetit 

Pirotin 

 

      B 

Manyetik 

(0.4A) 

 

øOPHQLW 
Granat 

Olivin 

Kromit 

Kloritoyit 

Hematit 

     C 

Manyetik. 

(0.8A) 

 

Hornblend 

Hipersten 

Ojit 

Aktinolit 

Stavrolit 

Epidot 

Biyotit 

Klorit 

ù|UOLW 

D 

Manyetik 

(1.2A) 

 

Diyopsit 

Tremolit 

Enstatit 

Spinel 

Muskovit 

Zoisit 

Klinozoisit 

Turmalin 

E 

Manyetik 

(1.2A) 

 

Titanit 

Lökoksen 

Andaluzit 

Monazit 

Ksenotim 

F 

Manyetik 

olmayan (1.2A) 

 

Zirkon 

Rutil 

Anataz 

Brookit 

Pirit 

Korund 

Topaz 

Florit 

Kyanit (disten) 

Sillimanit 

Anhidrit 

Beril 

Elmas 

Apatit 

.XYDUV��H÷LP�
20o) 

                                    
 
Di-iodometan (d= 3.3 g/cm3) LOH�D\UÕP�LúOHPL 
0DQ\HWLN� VHSHUDW|UGH� HOGH� HGLOHQ� DSDWLW�]LUNRQ�PLQHUDO� WRSOXOX÷X� DQFDN�

LNLQFL�ELU�D÷ÕU�VÕYÕ��GL-iodometan ) LúOHPL�LOH�ELUELULQGHQ�D\UÕPODQDELOLU��  
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'ø-ø2'20(7$1 
<R÷XQOXN� 
d= 3.3 g/cm3  (20oC/4oC) 
 

 
ùHNLO� ����� Zirkon ve apatit minerallerinin� ELUELULQGHQ� D\UÕPÕQÕ� VD÷OD\DQ� GL-iodometan 

W�U��D÷ÕU�VÕYÕ�|]HOOLNOHUL 
 

��%X�LúOHP�\DSÕOPDGDQ�|QFH�D÷ÕU�VÕYÕQÕQ�\R÷XQOX÷XQXQ�����J�FP3 ROXS�ROPDGÕ÷Õ�
\R÷XQOXN�|OoHQ�YH�\R÷XQOX÷X�G�����J�FP3 olan bir malzeme içeren cam çubuk 

\DUGÕPÕ\OD�PXWODND�|Oo�OPHOLGLU�� 

 
 
ùHNLO� ����� 7HFKQLVFKH� 8QLYHUVLWDW� %HUJDNDGHPLH� )UHLEHUJ� PLQHUDO� D\ÕUPD�

ORERUDWXYDUODUÕQGD� D÷ÕU� VÕYÕ\OD� D\UÕP� \DSPDGDQ� |QFH� D÷ÕU� VÕYÕ� �GL-iodometan) 

\R÷XQOX÷XQXQ�NRQWURO� 

��$\ÕUPD� KXQLOHULQH� NRQDQ� D÷ÕU� VÕYÕQÕQ� �]HULQH� PLQHUDOOHU� �DSDWLW�]LUNRQ�
WRSOXOX÷X�� ERúDOWÕOÕU� YH� NDUÕúWÕUPD\D� EDúODQÕU� YH� EX�NDUÕúWÕUPD� LúOHPL� KHU� ���
GDNLNDGD�ELU�WHNUDUODQÕU�  
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��$÷ÕU� VÕYÕ� LoHULVLQGH� |UQHNOHU� \R÷XQOXN� IDUNODUÕQGDQ� GROD\Õ� LNL� JUXED� D\UÕOÕU��
%XQODUGDQ� ELULQFLVL� \R÷XQOX÷X� G!���J�FP3’ ten büyük olan minerallerdir 

�]LUNRQ�� YH� D÷ÕU� VÕYÕ� LoHULVLQGH� D\ÕUPD� KXQLVLQLQ� GLELQH� o|NHU�� LNLQFLVL� LVH�
\R÷XQOX÷X�G����� J�FP3’ ten k�o�N�RODQ�PLQHUDOOHUGLU� �DSDWLW�� YH�EXQODU� D÷ÕU�
VÕYÕ�LoHULVLQGH�DVÕOÕ�NDOÕU�� 
 

 
 

ùHNLO� ����� 7HFKQLVFKH� 8QLYHUVLWDW� %HUJDNDGHPLH� )UHLEHUJ� PLQHUDO� D\ÕUPD�
ODERUDWXYDUODUÕQGD� D÷ÕU� VÕYÕ\OD� �GL-iodo metan) apatit ve zirkon minerallerinin 

ELUELULQGHQ�D\ÕUW�HGLOmesi 

 

��%X� úHNLOGH� D\UÕPODQDQ� PLQHUDOOHU� D\ÕUPD� KXQLVL� \DUGÕPÕ\OD� �]HULQH� KDQJL�
JUXED� DLW� ROGX÷X� \D]ÕOPÕú� RODQ� �D÷ÕU� PLQHUDOOHU� LoLQ� +0!���� J�FP3, hafif 

mineraller için LM<3.3 g/cm3�� ILOWUH� ND÷ÕWODUÕQD� DOÕQÕU�� )LOWUH� ND÷ÕWODUÕ�
içerisindeki mineraller aseton \DUGÕPÕ\OD� \ÕNDQÕU� YH� NÕUPÕ]Õ� ÕúÕN� DOWÕQGD�
NXUXPD\D� EÕUDNÕOÕU�� .XUX\DQ� |UQHNOHU� |UQHN� QXPDUDODUÕ� YH� KDQJL� JUXED� DLW�
ROGX÷X�\D]ÕOÕ�]DUIODU�LoHULVLQH�NRQXU� 
 %X�LúOHPOHULQ�VRQXFXQGD�DSDWLW��WLWDQLW�YH�]LUNRQ�PLQHUDOOHUL�ELUELUOHULQGHQ�

WDPDPHQ�D\ÕUW�HGLOPLú�Rlur.  

$\UÕPODQDQ� DSDWLW� PLQHUDOOHULQGH� SDUoDODQPD� L]L� \Dú� WD\LQL� YH� 7-t 

�VÕFDNOÕN-]DPDQ�� HYULP� PRGHOOHPHVLQLQ� \DSÕODELOPHVL� LoLQ� HSRNVL�� DúÕQGÕUPD��
DúÕQGÕUPD� WR]ODUÕ� LOH� SDUODWPD�� NHVPH� LúOHPOHUL� \DSÕOÕU�� %X� LúOHPOHU� DúD÷ÕGD�
D\UÕQWÕOÕ�RODUDN�DQODWÕOPDNWDGÕr.  
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1. $\UÕPODQDQ� DSDWLW� PLQHUDOOHUL�� HSRNVL� LoHULVLQH� J|P�OHELOPHVL� LoLQ�
WDQHOHULQ� ELUELUL� �]HULQH� JHOPHPHVLQH� |]HQ� J|VWHUHUHN� ELU� NDOHP� \DUGÕPÕ\OD�
SODVWLN�NDOÕSODU�LoHULVLQH�ERúDOWÕOÕU��ùHNLO��������%X�LúOHPOHU�VRQUDVÕQGD�HOGH�HGLOHQ�
apatit minerallerindHQ� ELU� JUXS� \Dú� LoLQ� GL÷HU� JUXS� LVH� X]XQOXN� |Oo�POHUL� LoLQ�
LQFHOHPH\H� DOÕQDFD÷ÕQGDQ�GROD\Õ� |UQHN�KD]ÕUODPD� LúOHPOHUL� VÕUDVÕQGD� D\QÕ�|UQHN�
LoLQ�IDUNOÕ�LNL�NDOÕS�NXOODQÕOÕU���ùHNLO�����D��E�� 

2.�.DOÕSODU�LoHULVLQH�ERúDOWÕODQ�DSDWLW�PLQHUDOOHUL�LoLQ�SDUODWPD�NDOÕSODUÕ� 
KD]ÕUODQÕU�� 
%X� LúOHP� LoLQ�|QFHOLNOH� HSRIL[�KDUGHQHU�YH� VSHVLILF� UHVLQ�ND÷ÕW�EDUGDNODU�

LoHULVLQH�EHOLUOL�RUDQODUGD�NRQXU��WDKWD�ELU�oXEXN�\DUGÕPÕ\OD�ELUELUOHULQH�NDUÕúPDVÕ�
VD÷ODQÕU�YH�\DNODúÕN���-30o&¶�OLN�VÕFDNOÕ÷Õ�JHoPHPHN�NRúXOX�LOH����GDNLND etüvde 

EHNOHWLOLU� �ùHNLO� ����D�� E�� F�� G��� 6ÕFDNOÕN� GH÷HULQLQ� PXKDID]D� HGLOPHVL� JHUHNLU�
o�QNL� VÕFDNOÕN� GH÷HUL� DUWPD\D� EDúODGÕ÷Õ� DQGD� NDUÕúÕP� LoHULVLQGH� HJ]RWHUPLN�
UHDNVL\RQODU�EDúODU� 

 

 
 
ùHNLO�������$SDWLW�PLQHUDOOHULQLQ�SDUODWPD�NDOÕSODUÕ�LoHULVLQH�ERúDOWÕOPDVÕ 
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(a)

 

(b)

 
 

ùHNLO�������$SDWLW�PLQHUDOOHULQLQ�HSRNVL\H�J|P�OPHVL�LoLQ�KD]ÕUODQPDVÕQGD�NXOODQÕODQ�(a) 

SDUODWPD�NDOÕSODUÕ��(b)�GL÷HU�PDO]HPHOHU 
 

3. +D]ÕU� RODQ� HSRNVL� \LQH� WDKWD� ELU� oXEXN� \DUGÕPÕ\OD� DSDWLWOHULQ� LoHULVLQGH�
ROGX÷X� NDOÕSOD� LoHULVLQH� KDYD� NDEDUFÕNODUÕQÕQ� ROXúXPXQX� |QOHPHN� DPDFÕ\OD�
ROGXNoD�\DYDú�ELU�úHNLOGH�ERúDOWÕOÕU��ùHNLO�����H���6R÷X\XS�NDWÕODúPDVÕ�LoLQ����VDDW�
V�UH\OH��]HUOHUL�NDSDOÕ�RODUDN�RGD�VÕFDNOÕ÷ÕQGD�EHNOHWLOLU� 

 

4.  .DWÕODúDQ�HSRNVL�|]HO�ELU�EÕoDN�\DUGÕPÕ\OD�SODVWLN�NDOÕSODUD�]DUDU�YHUPHGHQ�
oÕNDUÕOÕU��%X�|UQHNOHUH�DLW�QXPDUDODU�LVH�oLYL�NDOHPOH�PLNURVNRS�DOWÕQGD�J|U�Q�P��
HQJHOOHPH\HFHN� YH� DúÕQGÕUPD-SDUODWPD� LúOHPOHUL� VÕUDVÕQGD� VLOLQPH\HFHN� úHNLOGH�
HSRNVLQLQ� NHQDU� NÕVPÕQD� \D]ÕOÕU�� %X� LúOHP� VÕUDVÕQGD� KHU� ELU� |UQH÷H� DLW� RODQ� LNL�
IDUNOÕ� JUXS� LoLQ� /� YH� $� VLPJHOHUL� NXOODQÕOÕU�� %XQODUGDQ� \DúODQGÕUPD� LoLQ�
NXOODQÕODFDN�|UQH÷H�$��DJH�\Dú��VLPJHVL��|UQH÷LQ��%$/-74A) uzunluk ölçümü için 

NXOODQÕODFDN�|UQH÷H�/��OHQJKW�X]XQOXN��VLPJHVL��|UQH÷LQ��%$/-74L) verilir.  
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(a)

 

(b)

 
(c)

 

(d)

 

  
 

 
ùHNLO� ������ $SDWLW� � PLQHUDOOHULQLQ� HSRNVL\H� J|P�OPHVL� DúDPDODUÕQGD� NXOODQÕODQ� (a) 

epokfix hardener, (b) epokfix resin, (c)� ELUELUOHUL� LOH� NDUÕúPDVÕ�� (d) etüvde 

bekletilmesi ve (e, f)�NDOÕSODU�LoHULVLQH�ERúDOWÕOPDVÕ 
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(a)

 

(b )

 
 

ùHNLO� ������ ParlDWPD� NDOÕSODUÕQÕQ� \Dú� YH� X]XQOXN� |Oo�POHUL� LoLQ� KD]ÕUODQPDVÕ� YH�
VLPJHOHULQLQ�\D]ÕOPDVÕ�(a, b) 

 

5.� %X� LúOHP� VRQUDVÕQGD� SDUODWPD� NDOÕSODUÕ� HW�YGH� �� GDNLND� \ÕNDQÕU��
DVHWRQODQÕU�YH�ELU�KDYOX�SHoHWH�\DUGÕPÕ\OD�NXUXODQÕS��]HUOHUL�|UW�O�U��� 

 

 
ùHNLO� ����� ParlatPD� NDOÕSODUÕQÕQ� �]HUOHULQGHNL� KHUKDQJL� ELU� NLUOLOL÷H� NDUúÕ� XOWUDVRQLN�

EDQ\RGD�\ÕNDQPDVÕ 
  

6.�gUQHNOHU��]HULQGHNL�DúÕQGÕUPD�LúOHPL�VX�LOH�ÕVODWÕODQ�VXVX]�VLOLNRQ�NDUELW�
ND÷ÕW� �]HULQGH� WDP� GDLUHOHU� oL]GLUHFHN� úHNLOGH� |QFH� ELU� GDNLND� DúÕQGÕUÕOÕU� YH�
mikroskop DOWÕQGD� NRQWURO� HGLOLU�� $úÕQGÕUPD� LúOHPL� VÕUDVÕQGD� PLQHUDOOHULQLQ�
\�]H\LQLQ� DoÕ÷D� oÕNWÕ÷Õ� DQGDQ� LWLEDUHQ� EX� LúOHP� EÕUDNÕOPDOÕGÕU�� d�QNL� PLQHUDO�
\�]H\OHULQLQ�\DSD\�RODUDN�oL]LOPHPHVL�JHUHNLU��3DUODWPD�LúOHPLQLQ�EDúDUÕOÕ�ROPDVÕ��
EX�LúOHP�VÕUDVÕQGD�ROXúDQ�oL]JLOHULQ�PLQHUDOGH�ELWPHVL�HVDVÕQD�GD\DQÕU�� 
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(a)

 

(b)

 
 

   

(c)

 

(d)

 
 

ùHNLO� ������ 3DUODWPD� NDOÕSODUÕQÕQ� (a)� DúÕQGÕUÕOPDVÕ�� (b)� DúÕQGÕUPD� LúOHPLQLQ�PLNURVNRS�
DOWÕQGD� NRQWURO��� HSRNVL� LoHULVLQGH� DúÕQGÕUPD� VRQXFX� RUWD\D� oÕNDQ� DSDWLW�
minerallerinin (c)�LOHWLPOL�ÕúÕNWD��(d)�\DQVÕ\DQ�ÕúÕNWD�J|U�Q�P� 

 
 

7.� $úÕQGÕUPD� LúOHPL� VRQUDVÕQGD� SDUODWPD� LúOHPLQH� EDúODQÕU�� %X� HWDSWD�
oHúLWOL� VÕYÕODU� �'LD�'XR��µm, Dia Duo 3µm elmas zerrHFLNOHUL� LoHUHQ�DúÕQGÕUPD�
MHOOHUL� YH� LKWL\Do� GX\XOGX÷XQGD� 'LD� 'XR� �µP� VLOLND� MHO�� NXOODQÕODUDN� 6WUXHO�
5RWR3RO� 530� ���� PDUND� VXVX]� PRGD� oDOÕúDQ� SDUODWPD� PDNLQHVL� LOH�
JHUoHNOHúWLULOLU�� 
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(a)

 

(b)

 
 

ùHNLO�������Struel RotoPol RPM 130 marka (a)�SDUODWPD�PDNLQDVÕ��(b)�\DNÕQ�J|U�Q�P�� 
 

 
 

ùHNLO�������Dia Duo 6µm, Dia Duo 3µP�HOPDV�]HUUHFLNOHUL�LoHUHQ�DúÕQGÕUPD�MHOOHUL� 
 
 
 

3DUODWPD�NDOÕSODUÕ�PDNLQH��]HULQGH�EXOXQDQ�|]HO�E|OPHOHUH�\HUOHúWLULOLU�YH�
EDVÕQo�YHULOHELOPHVL�LoLQ�KHU�ELU�ER÷XPOX�EDVÕQo�DOHWL�|UQHN��]HULQH�LQGLULOLU��ùHNLO�
����E���2UWD�YH�NHQDU�NHVLPOHULQH�MHO�VÕNÕOÕS�FDPOD�GD÷ÕWÕOÕU��3DUODWPD�VÕUDVÕQGD�LON�
olarak 6 µP�DúÕQGÕUPD� MHOL� LOH� LúOHPH�EDúODQÕU� YH� ��µm-1 µP�DúÕQGÕUPD� MHOL� LOH�
devam edilir. Gerek görüldü÷��WDNWLUGH�LVH�VLOLND�MHO�NXOODQÕODUDN�SDUODWPD�LúOHPL�
bitirilir.   
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3DUODWPD� LúOHPOHUL� VÕUDVÕQGD� NXOODQÕODQ� �� µP� DúÕQGÕUPD� MHOL�� |UQHNOHULQ�
NHQDU�YH�N|úHOHULQGH�DúÕQGÕUPD� VÕUDVÕQGD�ROXúDQ� oÕNÕQWÕODU�YH��]HUOHULQGH�ROXúDQ�
yapay çiziklerin daha incelmesini. 3 µP�DúÕQGÕUPD�MHOL�NXOODQÕPÕ�VRQUDVÕ�LVH�\DSD\�
oL]LNOHUGHQ�WDPDPHQ�DUÕQPDVÕQÕ�YH�NHQDU�YH�N|úHOHUL�ROGXNoD�G�]HQOL�ELU�J|U�Q�P�
DOPDVÕQÕ�VD÷ODU� 

 
 

 
ùHNLO� ������Dia Duo 6µm, Dia Duo 3µP�HOPDV� ]HUUHFLNOHUL� LoHUHQ�DúÕQGÕUPD� MHOOHULQLQ�

X\JXODQPDVÕ�VRQXFX�|UQHNOHUGH�PH\GDQD�JHOHQ�GH÷LúLPOHULQ�úHPDWLN�J|VWHULPL 
 

8.� 3DUODWPD� LúOHPOHUL� VRQUDVÕQGD� \DúODQGÕUPDGD� NXOODQÕODFDN� |UQHNOHULQ�
SDUODWÕODQ� \�]H\OHULQH� XUDQ\XP� LoHUPH\HQ� ELU� GHGHNW|U� �WLSLN� RODUDN� SODVWLN� ELU�
IRO\R� YH\D� PXVNRYLW� PLND�� \DSÕúWÕUÕOÕU� YH� EX� VDQdviç bir nükleer reaktöre 

J|QGHULOLU��gUQHN�G�ú�N�HQHUMLOL�WHUPDO�Q|WURQODUOD�LUUDG\DV\RQD�EÕUDNÕOÕU��EX�L]OHU�
2358¶WHQ� ROXúDQ� �LQGXFHG�� L]OHUGLU�� 3DUoDODQPD� V�UHVLQFH�� PLQHUDO� YH� PLND�
DUDVÕQGDNL� DUD� \�]GH� NHVLúHQ� D÷ÕU� SDUoDODU�� RULMLQDO� WDQH\L� \DQVÕWDQ� ELr görüntü 

ROXúWXUXU��gUQHN� ODERUDWXYDUD� JHUL� G|QG�÷�QGH�� Q�NOHHU� UHDNW|UGH� LUUDG\DV\RQOD�
ROXúWXUXOPXú�L]OHULQ�RUWD\D�oÕNPDVÕ�LoLQ�VDGHFH�PLND�GD÷ODQÕU��%|O�P�������� 

 

9.� 8]XQOXN� |Oo�POHUL� VÕUDVÕQGD� NXOODQÕODFDN� |UQHNOHU� �]HULQH� LVH�
DO�PLQ\XP�IRO\R�\DSÕúWÕUÕOÕU� YH� |UQHNOHU� D÷ÕU� L\RQ�ERPEDUGÕPDQÕQD� WDEL� WXWXOXU��
%X�HVQDGD�RUWD\D�oÕNDQ�\DSD\�L]OHU�GD÷ODQPD�VÕUDVÕQGD�|UQH÷LQ�NHQGLVLQH�DLW�RODQ�
\DWD\�L]OHUH�NDGDU�DVLWOHULQ�XODúPDVÕQÕ�YH�EX�L]OHULQ�VD\ÕOPDVÕQÕ�VD÷ODU�� 
 

 

 

(a) (b) (c)��µP�DÒÐQGÐUPDMHOL ��µP�DÒÐQGÐUPDMHOL
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2.2.3. Tek zirkon kristali 207Pb/206Pb evaporasyon jeotermokronoloji 

oDOÕúPDODUÕ 
$úD÷ÕGD� NÕVDFD� GH÷LQLOHQ� 207Pb/206Pb tek zirkon evaporasyon 

MHRWHUPRNURQRORML�oDOÕúPDODUÕQ�DLW�GHWD\OÕ�ELOJLOHU�(N�%¶�GH�YHULOPHNWHGLU� 
7�PND\Do� |UQHNOHUL� &XPKXUL\HW� hQLYHUVLWHVL� -HRORML� 0�KHQGLVOL÷L�

Bölümü LaboratuaUODUÕQGD� NÕUPD�� |÷�WPH� YH� HOHPH� LúOHPOHULQGHQ� VRQUD� PDILN�
mineraller (mika, amfibol ve piroksen grubu mineraller) ve aksesuar minerallerini 

�]LUNRQ�� WLWDQLW� YH� DSDWLW�� GL÷HUOHULQGHQ� D\ÕUPDN� LoLQ� EURPRIRUP� W�U�� D÷ÕU� VÕYÕ�
NXOODQÕODUDN�PLQHUDO�D\ÕUPD�LúOHPL�JHUoHNOHúWLULOPLúWLU�� 

Mineralojik-petrografik ve dokusal incelemeler sonucunda genel tane boyu 

GD÷ÕOÕPÕ� ���-150 µP� DUDVÕQGD� ROGX÷X� EHOLUOHQHQ� ]LUNRQ� PLQHUDOOHUL�� TU 

%HUJDNDGHPLH� )UHLEHUJ� -HRORML� (QVWLW�V�� /DERUDWXDUODUÕQGD� �6DFKVHQ-Almanya) 

öncelikle manyeWLN� VHSDUDW|U� \DUGÕPÕ\OD� DSDWLW�]LUNRQ� IUDNVL\RQX� RODUDN� HOGH�
HGLOPLú� YH� GDKD� VRQUD� GD� di-iodo-PHWDQ� D÷ÕU� VÕYÕ� NXOODQÕODUDN� DSDWLWOHUGHQ�
D\UÕOPÕúWÕU�� 

Tek zirkon tanelerinin 207Pb-2063E� HYDSRUDV\RQ� \|QWHPL\OH� \Dú� WD\LQL�
oDOÕúPDODUÕ�� .REHU� ������� ������ WDUDIÕQGDQ� WDQÕPODQDQ� \|QWHPH� J|UH� TU 

%HUJDNDGHPLH� )UHLEHUJ�0LQHUDORML� (QVWLW�V�� ø]RWRS� -HRNLP\DVÕ� YH� -HRNURQRORML�
/DERUDWXYDUODUÕQGD� �6DFKVHQ-Almanya) FINNIGAN MAT 262 model termal 

L\RQL]DV\RQ�N�WOH�VSHNWURPHWUHVLQGH��7,06��JHUoHNOHúWLULOPLúWLU�� 
Zirkon minerDOOHULQLQ� EROOX÷X�� |]úHNLOOLOL÷L�� WHPL]OL÷L� YH� PDJPDWLN�

NULVWDOL]DV\RQX� NDUDNWHUL]H� HGHELOPH� NDELOL\HWL� EDNÕPÕQGDQ� .DUDoD\ÕU� 6L\HQLWL¶�
den BAL-���YH�.|VHGD÷�%DWROLWL¶�QGHQ�GH�%$/-87 no’lu kayaç örnekleri temsili 

|UQHNOHU�RODUDN�VHoLOPLúWLU�� 
Her bir kayaç |UQH÷LQGHQ�X]XQ�SUL]PDWLN�ELoLPOL�� UHQNVL]�YH\D�KDILI�EDO-

UHoLQHPVL�UHQNOL��VRQ�GHUHFH�WHPL]�YH�|]úHNLOOL���¶DU�DGHW�]LUNRQ�WDQHVL�VHoLOHUHN�
VDI� 5K¶GDQ� �UKHQ\XP�� \DSÕOPÕú� YH� LúOHP� |QFHVL� \DNODúÕN� ����� o&� ÕVÕ� DOWÕQGD�
\�NVHN�IÕUÕQGD�ÕVÕO�LúOHPH�X÷UDWÕOPÕú�HYaporasyon filamenti içine 30-40 büyütmeli 

ELQRN�OHU�PLNURVNRS�DOWÕQGD�NRQXODUDN�oRN�LQFH�XoOX�oHOLN�SHQVHOHU� LOH�PHNDQLN�
RODUDN�VÕNÕúWÕUPD�\|QWHPL�LOH�J|P�OP�úW�U�� 
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Zirkon içeren bu evaporasyon filamentleri yüksek kaliteli saf çelikten imal 

HGLOPLú�PDJD]LQ�LoHULVLQH�\HUOHúWLULOPLúWLU�� 
'DKD� VRQUD� ]LUNRQ� LoHUHQ�KHU�ELU�HYDSRUDV\RQ� ILODPHQWLQLQ� WDP�NDUúÕVÕQD�

ELUNDo� \�]� PLNURPHWUH� PHVDIHGH� ����� E�\�WPHOL� ELQRN�OHU� PLNURVNRS� DOWÕQGD�
PLNURPHWUH� |OoH÷LQGH� KDVVDVL\HWOH�� \LQH� 5K¶GDQ� \DSÕOPÕú� YH� HYDSRUDV\RQ�
filamentOHUL� LOH� D\QÕ� VÕFDNOÕNWD� ÕVÕO� LúOHPH� X÷UDWÕOPÕú� G�]� L\RQL]DV\RQ� ILODPHQWL�
\HUOHúWLULOPLúWLU�� 

<�NVHN�YDNXP�DOWÕQGD�VÕYÕ�D]RW�LOH�VR÷XWXODQ�L\RQL]DV\RQ�RGDVÕQD�NRQXODQ�
PDJD]LQGHNL� KHU� ELU� HYDSRUDV\RQ� ILODPHQWL� |QFHOLNOH�PHWDPLNWOHúPH� YH� \�]H\H�
\DNÕQ�PLNUR�oDWODNODUGDNL�³FRPPRQ�3E´�RODUDN�GD�DGODQGÕUÕODQ�2043E�NLUOLOL÷LQGHQ�
DUÕQGÕUPDN�LoLQ������&¶GH�ÕVÕWÕOPÕúWÕU�� 

%X�VÕUDGD�HYDSRUDV\RQ�ILODPHQWL�LoHULVLQGH�J|P�O��RODUDN�EXOXQDQ�]LUNRQ�
PLQHUDOLQGHQ� DoÕ÷D� oÕNDQ� 2043E� YH� GL÷HU� L\RQODUÕQ� L\RQL]DV\RQ� ILPDQHWLQH�
yaSÕúPDPDVÕ� LoLQ� L\RQL]DV\RQ� ILPDQHQWL� GH� \DNODúÕN� ����� o&� ÕVÕGD� PXKDID]D�
edilir.  

<DNODúÕN��-����GDNLND�V�UHQ�EX�LúOHPGHQ�VRQUD��L\RQL]DV\RQ�ILODPHQWL�RGD�
VÕFDNOÕ÷Õ� GH÷HULQH� JHWLULOLU� YH� HYDSRUDV\RQ� ILODPHQWL� LVH� ELU� DGÕPGD� �����&¶� \D�
NDGDU� ÕVÕWÕOÕU�� (YDSRUDV\RQ� ILODPHQWL� LoHULVLQGH� EXOXQDQ� ]LUNRQGDQ� oÕNDQ� 3E�
L\RQODUÕ� \�NVHN� YDNXP� DOWÕQGD� KHPHQ� NDUúÕVÕQGDNL� VR÷XN� L\RQL]DV\RQ� ILODPHQWL�
üzerinde kondense olur.  

<DNODúÕN� ��� GDNLND\D� NDGDU� GHYDP� HGHELOHQ� EX� HYDSRUDV\RQ� LúOHPL�
VRQUDVÕQGD�� HYDSRUDV\RQ� ILODPHQWL� RGD� VÕFDNOÕ÷Õ� GH÷HULQH� JHWLULOLU� YH� EX� VÕUDGD�
iyonizasyon filamenti ~1200°C’de (1180-�����&�� ÕVÕ� DOWÕQGD� \�NVHN� YDNXPGD�
L\RQODúWÕUÕOÕU�� 

207Pb, 206Pb ve 2043E� L\RQODUÕQÕQ� KHU� ELUL� �� VDQL\H� JHFLNWLUPH� ]DPDQÕ� LOH�
kütle spektrometresinde ölçülür. Her bir zirkon�WDQHVL�LoLQ����VD\ÕPGDQ�ROXúDQ���
tarama evresinde analiz edilir.  

Tek zirkon 207Pb/2063E� HYDSRUDV\RQ� \DúODUÕ� 6WDFH\� YH� .UDPHUV� �������
WDUDIÕQGDQ�|QHULOHQ�³FRPPRQ�3E´�G�]HOWPHVL�YH�XOXVODU�DUDVÕ�VWDQGDUWODU�HúOL÷LQGH�
JHUoHNOHúWLULOLU��� 

 



 42 

2.2.4. Apatit fission-WUDFN�MHRWHUPRNURQRORML�oDOÕúPDODUÕ 
Apatit fission-WUDFN�MHRWHUPRNURQRORML�oDOÕúPDODUÕ�LOH�LOJLOL�JHQLú�ELOJLOHU�(N�

C’ de verilmektedir.  

 ���������<Dú�WD\LQL 
7�PND\Do� |UQHNOHULQGHQ� LWLEDUHQ� D\UÕODQ� DSDWLWOHU�� HSRNVL� UHoLQH� LoLQH�

J|P�OHUHN�]ÕPSDUD�ND÷ÕWODUÕ\OD�DúÕQGÕUÕOPÕú�YH�SDUODWÕOPÕúWÕU�� 
Fosil izler %23’lük HNO3��QLWULN�DVLW�� LoLQGH����VDQL\H�GD÷ODQGÕNWDQ�VRQUD�

50 µP�NDOÕQOÕ÷ÕQGD�XUDQ\XP�LoHUPH\HQ�PXVNRYLW�GÕú�GHGHNW|U�LOH�NDSDWÕOPÕúWÕU�� 
Technische Universität München’deki (Garching-München, Almanya) yeni 

FRM-,,�DUDúWÕUPD�UHDNW|U�Q�Q�KLGUROLN�NDQDOÕQGD�LNL�D\UÕ�LUUDG\DV\RQ�LoLQGH�WHUPDO�
Q|WURQODUOD� LUUDGL\DV\RQ� LúOHPLQH� WDELL� WXWXOPXúWXU�� 'XUDQJR� DSDWLWL� \Dú�
VWDQGDUWÕQGDQ� KD]ÕUODQPÕú� �� DGHW� SUHSDUDW� GD� |UQHNOHUOH� ELUOLNWH� D\QÕ� úHNLOGH�
KD]ÕUODQDUDN� Q�NOHHU� UHDNW|UGH� LUUDGLD\DV\RQ� LúOHPL� JHUoHNOHúWLULOPLúWLU�� +HU� ELU�
LUUDGL\DV\RQGD� ELOLQPH\HQ� |UQHN�GXUDQJR� DSDWLWL� \Dú� VWDQGDUWÕQÕQ� \DQÕVÕUD� D\QÕ�
zamanda ,500� ���5� XUDQ\XP� FDP� SDUoDODUÕ� GD� HSRNVL\H� J|P�OHUHN� X\JXQ�
SUHSDUDWODU� KDOLQH� JHWLULOPLú� �ùHNLO� ������ YH� D\QÕ� NRúXOODUGD� WHUPDO� Q|WURQODUOD�
LUUDGL\H�HGLOPLúWLU�YH�EX�LúOHP�VRQUDVÕ�|UQHNOHU�VR÷XPD\D�EÕUDNÕOPÕúWÕU�� 

øUUDG\DV\RQGDQ�VRQUD�� �GÕú�GHGHNW|UOHUGHNL�Q�NOHHU�UHDNW|UGH�LUUDG\DV\RQOD�
ROXúWXUXOPXú� L]OHU� ���¶OÕN� +)� LoLQGH� ��� GDNLND� NLP\DVDO� GD÷ODPD� Lúlemine 

X÷UDWÕOPÕúWÕU�� 
ø]� VD\ÕPODUÕ� ���� E�\�WPHOL� 2O\PSXV� %;��� PLNURVNRSWD� JHoLULPOL� ÕúÕN�

DOWÕQGD� \DSÕOPÕúWÕU�� 'Õú� GHGHNW|UOHU� � LUUDG\DV\RQ� V�UHVLQFH� ROGX÷X� JLEL� D\QÕ�
SR]LV\RQGD�� SUHSDUDWODU� �]HULQGH� L]� \|Q�� DúD÷ÕGD� RODFDN� úHNLOGH� \HUOHúWLULOLU�
(Jonckheere� YH� GL÷��� ������� 3UHSDUDWWD� EXOXQDQ� KHU� ELU� DSDWLW� PLQHUDOLQGHNL� IRVLO�
izler (2388� DWRPODUÕQÕQ� SDUoDODQPDVÕ� VRQXFX� ROXúDQ� NHQGLOL÷LQGHQ� ROXúPXú�
SDUoDODQPD� L]OHUL�VSRQWDQHRXV� ILVVLRQ� WUDFNV�� � YH�EX�DSDWLW� WDQHVLQH�NDUúÕOÕN�JHOHQ�
muskovit dedektördeki  “ induced ” izler (2358�DWRPODUÕQÕQ�Q�NOHHU�UHDNW|UGH�WHUPDO�
Q|WURQODUOD�ERPEDUGÕPDQ�HGLOPHVL�VRQXFX�PXVNRYLW�GHGHNW|U��]HULQGH�ROXúDQ�L]OHU��
DWODQPDNVÕ]ÕQ�VD\ÕOPÕúWÕU�  

6D\ÕPODU� VRQXFXQGD� HOGH� HGLOHQ� YHULOHU� \DUGÕPÕ\OD� ζζ−−kalibrasyon 

yöntemiyle apatit parçalanmD�L]L�\DúODUÕ�HOGH�HGLOPLúWLU��)RVLO�YH�Q�NOHHU�UHDNW|UGH�
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LUUDG\DV\RQOD� ROXúWXUXOPXú� L]OHULQ� WRSODP� VD\ÕVÕQÕQ� !����� ROPDVÕ� LoLQ� P�PN�Q�
ROGX÷XQFD�KHU�ELU�|UQHNWH�HQ�D]ÕQGDQ����WDQH�VD\ÕOPÕúWÕU� 

 

 

 

ùHNLO� ������ .DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL� |UQHNOHUini de içeren Orta Anadolu 

*UDQLWR\LGOHULQH�DLW�DSDWLW�SUHSDUDWODUÕ�YH�GH÷LúLN�VWDQGDUW�SUHSDUDWODUÕQ�Technische 

Universitat Bergakademie Freiberg (Almanya) Yerbilimleri Bölümü 

ODERUDWXYDUODUÕQGD� KD]ÕUODQPÕú� �o� DGHW� �)*� ��- FG 02- FG 03) örnek setinin 

termDO�Q|WURQ�ERPEDUGÕPDQÕ�LoLQ�Q�NOHHU�UHDNW|UH�J|QGHULOPHN��]HUH�KD]ÕUODQPÕú�
paketi 

  

 2.2.4.2. Parçalanma izi uzunluk ölçümleri 

ø]-uzunluk ölçümleri Autoscan-Easylength modülü sunan Trackscan 

ELOJLVD\DU�\D]ÕOÕPOÕ�ELU�ELOJLVD\DUD�ED÷OÕ�GLMLWDO�PDVD\D�VDKLS�1500 büyütmeli Zeiss 

$[LRSODQ�PLNURVNRSWD�\DSÕOPÕúWÕU�� 
+DSVROPXú�L]OHUL�\HWHUOL�VD\ÕGD�DoÕ÷D�oÕNDUPDN�LoLQ��SUHSDUDWODU��*HVHOOVFKDIW�

für Schwerionenforschung (GSI)’da (Darmstdat-Almanya) yüzey normali ile 15° 

DoÕ�\DSDFDN�úHNLOGH�����0H9�HQHUMLOL�8-iyonlaUÕ�ÕúÕQODQPÕúWÕU��-RQFNKHHUH�YH�GL÷���
2006).�%X� úHNLOGH�JHUoHNOHúWLULOHQ�D÷ÕU� L\RQ�ERPEDUGÕPDQÕ��DSDWLW� WDQHOHULQGH�oRN�
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VD\ÕGD� YH� ELUELULQH� SDUDOHO� RODUDN� JHOLúPLú� L]OHU� \DUDWÕU�� %|\OHFH�� oRN� VD\ÕGDNL�
SDUDOHO�L]�LoHUHQ�DSDWLW�WDQHVLQLQ�NLP\DVDO�GD÷ODPD�LúOHPL�VÕUDVÕQGD�GHULQOHUH�GR÷UX�
Q�IX]�HGHQ�GD÷ODPD�DVLWLQLQ�KDSVROPXú�\DWD\�SDUoDODQPD� L]OHUL� LOH� WHPDVD�JHoPH�
RODVÕOÕ÷Õ�DUWÕUÕOPÕú�ROXU� 

+DSVROPXú�\DWD\�SDUoDODQPD�L]OHULQLQ��(N�&��7,NT (track in track/iz içinde 

iz) veya TINCLE (track in cleavage/klivaj içiQGH� L]�� ROXS� ROPDGÕ÷Õ� D\ÕUW�
HGLOPHNVL]LQ� P�PN�Q� ROX÷XQFD� KHU� ELU� SUHSDUDWWDQ� ���� \DWD\� KDSVROPXú� L]�
X]XQOX÷X� |Oo�OP�úW�U�� ����� LoHUHQ� |UQHNOHUGH� LVH� W�P� L]OHULQ� X]XQOX÷X�
|Oo�OP�úW�U�� 

7HUPDO� WDULKoH� PRGHOOHPHVL� +H)7\� ���� ELOJLVD\DU� SURJUDPÕ� �.HWFKDP��
2005)� LOH�JHUoHNOHúWLULOPLúWLU��%LOHúLPVHO�ELOJLQLQ�ROPDPDVÕ�QHGHQL\OH�/DVOHWW� YH�
GL÷�� ������¶LQ� NÕVPL� RQDUÕOPD� NLQHWL÷L� �SDUWLDO� DQQHDOLQJ� NLQHWLFV�� GHQNOHPOHUL�
EHQLPVHQPLúWLU�� dR÷X� DSDWLW� ELOHúLPOHUL�'XUDQJR� �_&O-1| §� ������ LOH� \DNÕQGÕU� YH�
0.75 < |Cl-1| < 1.0� VHULVL� LoLQGHNL� GH÷LúLNOLNOHU� RQDUÕOPD� NLQHWLNOHUL� �]HULQGH�
oR÷XQOXNOD�PDNXO�ELU�HWNL\H�VDKLSWLU��.HWFKDP�YH�GL÷���������� 
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��� .$5$d$<,5� 6ø<(1ø7ø� 9(� .g6('$ö� %$72/ø7ø¶1ø1� -(2/2-ø.�
.21808�� 0ø1(5$/2-ø.-3(752*5$)ø.� 9(� -(2.ø0<$6$/�
g=(//ø./(5ø 
  

3.1.  Jeolojik Konum 

3.1.1. .DUDoD\ÕU�6L\HQLWL 
 .DUDoD\ÕU�\|UHVLQGH�3DúDGDPÕ��.HOH÷HQ�7HSH��<HOOLFH�7HSH��(YOL\D�7HSH��
dDWDOoDP�7HSH��(÷UHN�7HSH��ùHE�OHU�7HSH��2UPDQFÕODU�JD]LQRVX��0HQGHNOLN�7HSH�
NX]H\L��YH��FLYDUÕQGD��ROGXNoD�JHQLú�DODQODUGD�\D\ÕOÕP�J|VWHUHQ��ùHkil 3.1) ve ilk 

NH]� <ÕOPD]� ������� WDUDIÕQGDQ� .DUDoD\ÕU� *UDQLWR\LGL� RODUDN� LVLPOHQGLULOHQ� EX�
ELULP�� hQDO� ������� YH� %R]WX÷� YH� GL÷�� ������� � WDUDIÕQGDQ�� GDKD� oRN� VL\HQLWLN�
NDUDNWHU�VHUJLOHPHVL�QHGHQL\OH�.DUDoD\ÕU�6L\HQLWL�RODUDN�DGODQGÕUÕOPÕúWÕU�� 

Ünal (1987) WDUDIÕQGDQ� .DUDoD\ÕU¶� GD� \HU� DODQ� VL\HQLWOHULQ� �� IDUNOÕ�
mineralojik karakterde (amfibol-biyotit siyenit, nefelin siyenit, biyotit-muskovit 

VL\HQLW��NXYDUV�VL\HQLW��PXVNRYLW�VL\HQLW��ROGX÷X�YH�DUD]LGH�GDLUHVHO�ELU�]RQODQPD�
J|VWHUGL÷L�LOHUL�V�U�OP�úW�U� 

BoztX÷� YH� GL÷�� ������� .DUDoD\ÕU� 6L\HQLWL¶� QLQ� DQD� N�WOHVLQLQ� LNL� PLNDOÕ�
VL\HQLWOHU� LOH� LNL� PLNDOÕ� QHIHOLQ� VL\HQLWOHUGHQ� ROXúWX÷XQX� EHOLUWHUHN� EX� SO�WRQXQ�
2UWD�$QDGROX� oDUSÕúPD� VRQUDVÕ� DONDOL� SO�WRQL]PDQÕQ� |QHPOL� ELU� �\HVL� ROGX÷XQX�
LIDGH�HWPLúOHUGLU�� 
 .DUDoD\ÕU� 6L\HQLWL�� DUD]LGHNL� NRQXPX� LWLEDUL\OH� WHPHO� � ND\D� � QLWHOL÷LQGH�
RODQ�YH��JHQLú��ELU��\D\ÕOÕPD��VDKLS��PHUPHU��NDONúLVW�YH�NXYDUVLW�RODUDN�J|]OHQHQ�
YH� LQFHOHPH� DODQÕQGD� dHOWHN� 'D÷Õ�� $OoDN� JHGL÷L�� $÷DUDQ� 7HSH�� (YOL\D� 6ÕUWÕ��
Mendeklik Tepe ve çevresi, Eskikö\�FLYDUÕQGD�\�]OHN�YHUHQ��YH�ED]Õ�E|OJHOHUGH�
VL\HQLWOHU�LoHULVLQGH�oDWÕ�NDOÕQWÕVÕ�RODUDN�J|]OHQHQ�3DOHR]R\LN�\DúOÕ�$NGD÷PDGHQL�
/LWRGHPL¶� QL� �<ÕOPD]� YH� GL÷��� ������ NHVHU� NRQXPGDGÕU�� (RVHQ� � \DúOÕ� 7RNXú�
)RUPDV\RQX¶� QD� �<ÕOPD]�� ������ ������ DLW� WDEDQ� NRQJORPHUDODUÕQGDQ� ROXúDQ�
6XVX]GD÷� �\HVL� WDUDIÕQGDQ� X\XPVX]� RODUDN� |UW�OPHNWHGLU�� 7RNXú� )RUPDV\RQX�
QXPPXOLWHVOL� NLUHoWDúODUÕQGDQ� ROXúDQ�$VDU� �\HVL� LOH� GHYDP�HWPHNWH� YH�NXPWDúÕ��
NXPOX� NLUHoWDúÕ�� NLOWDúÕ� úH\O� DUGDODQPDVÕQGDQ� ROXúDQ� %DQD]� �\HVL� LOH� VRQ�
EXOPDNWDGÕU�� .DUDoD\ÕU� \|UHVLQGHNL� W�P� ELULPOHU�2UWD�0L\RVHQ� �g]GHQ�YH� GL÷���
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������ \DúOÕ� (YOL\D� 7HSHGH� \�]OHN� YHUHQ� (YOL\D� 7HSH� %D]DOWODUÕ� WDUDIÕQGDQ�
NHVLOPHNWH� YH� .XYDWHUQHU� � \DúOÕ� � DO�Y\RQODU� WDUDIÕQGDQ� X\XPVX]OXNOD�
�]HUOHQPHNWHGLU��ùHNLO���������� 
        Bölgede ÇelteN� 'D÷Õ� HWHNOHULQGH� YH� dHOWHN� 'D÷Õ� NX]H\� � NHVLPOHULQGH�
<ÕOPD]��������WDUDIÕQGDQ�7HNHOLGD÷�.DUÕúÕ÷Õ�RODUDN�DGODQGÕUÕODQ�hVW�.UHWDVH�\DúOÕ�
YH� oR÷XQOXNOD� VHUSDQWLQLW�� W�I� YH� DJORPHUDODUGDQ� ROXúDQ� YH� NHVPH� NÕUÕNODUÕQÕQ�
\D\JÕQ� ROGX÷X� ELU� KDPXU� YH� KDPXU� LoHULVLQGH� PHUPHU�� NULVWDOOHúPLú� NLUHoWDúÕ��
radyolarit, Üst Jura-$OW�.UHWDVH�\DúOÕ�oHúLWOL�WRUWXOODU�YH�6HQRPDQL\HQ�\DúOÕ�SHODMLN�
NLUHoWDúODUÕ��SHULGRW��oR÷XQOXNOD�YHUOLW���JDEUR��GL\DED]�EORNODUÕQGDQ�ROXúDQ�ELULP�
$NGD÷PDGHQL�/LRGHPL��]HULQH�WHNWRQLN��GRNDQDNOD�JHOPHNWHGLU��<ÕOPD]�YH�GL÷���
1997).  

.DUDoD\ÕU� 6L\HQLWL�� PDNURVNRSLN� RODUDN� SHPEHPVL� \HU� \HU� VDUÕPVÕ-
EH\D]ÕPVÕ� UHQNOL� ROXS�� DOWHUDV\RQ� ]RQODUÕ� ER\XQFD� NDKYHUHQJLPVL�� NÕUPÕ]ÕPVÕ�
UHQNOHU� J|]H� oDUSPDNWDGÕU�� %LULP� LoHULVLQGH� WDQÕPODQDQ� ELOHúHQOHU�� SHPEHPVL�
renkli� DONDOL� IHOGLVSDW� PLQHUDOOHUL�� ÕúÕ÷D� WXWXOGX÷XQGD� G�]J�Q� \�]H\OHU� ER\XQFD�
SDUOD\DQ�SODML\RNOD]�PLQHUDOOHUL��úHIIDI�PXVNRYLW�PLQHUDOOHUL��VL\DK�SDUODN�UHQNOL�
SXOVX�EL\RWLW�PLQHUDOOHUL�YH�VL\DKÕPVÕ�UHQNOL�DPILERO�JUXEX�PLQHUDOOHUGLU�� 

3O�WRQLN� N�WOHQLQ� \DúÕ� %R]WX÷� YH� GL÷�� ������� WDUDIÕQGDQ� hVW� .UHWDVH�
VRQUDVÕ-Orta Eosen öncesi bir dönem olarak belirtilmektedir.  

 <DSÕODQ� EX� oDOÕúPD� VÕUDVÕQGD� %R]WX÷� YH� GL÷�� ������� WDUDIÕQGDQ� \DSÕODQ�
��������� |OoHNOL� MHRORML� KDULWDVÕQGDQ� \DUDUODQÕOPÕú� ROXS�� E|OJHGHNL� \DSÕVDO�
unVXUODUD�GDKD� oRN�|QHP�YHULOPLúWLU��g]HOOLNOH�.'-*%�GR÷UXOWXOX� ID\ODU�YH�EX�
ID\ODUD� \DNODúÕN� GLN� NRQXPOX� RODQ� .%-*'� GR÷UXOWXOX� ID\ODU� KDULWD� �]HULQH�
\HUOHúWLULOPLúWLU��ùHNLO������� 
 

3.1.2. .|VHGD÷�%DWROLWL 
.|VHGD÷� �.|VH� 6�OH\PDQ� =L\DUHWL� 7HSH�� ����P�� YH� oHYUHVLQGH oldukça 

\D\JÕQ� \�]OHNOHU� YHUHQ� ELULP� �ùHNLO� ����� LON� NH]� .DONDQFÕ� ������� WDUDIÕQGDQ�
.|VHGD÷� 6L\HQLWLN�0DVLIL� GDKD� VRQUD� %R]WX÷� YH� GL÷�� ������� YH� %R]WX÷� �������
WDUDIÕQGDQ� \DSÕODQ� oDOÕúPDODUGD� LVH� oHYUH� ND\DoODUOD� RODQ� X\XPVX]� LOLúNLVL� YH�
ROGXNoD� JHQLú� DODQODU� NDSODPDVÕ� QHGHQL\OH� .|VHGD÷� %DWROLWL� RODUDN�
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DGODQGÕUÕOPÕúWÕU�� .|VHGD÷� %DWROLWL� (RVHQ� \DúOÕ� YRONDQLN� ODYODU� LOH� SLURNODVWLN�
GHSRODQPD� YH� VHGLPDQWHU� ND\Do� DUGDODQPDVÕ� LOH� YRONDQR-sedimanter karakter 

VHUJLOH\HQ� oHYUH� ND\DoODUÕ� LoHULVLQGH� VÕ÷� \HUOHúLPOL� VXbvolkanik bir batolit 

úHNOLQGH�\�]H\OHQPHNWH�YH�0DKPXWR÷OX�\D\ODVÕ�YH�3D]DUEHODQÕ�\D\OD�\|UHOHULQGH�
LVH� $OW� 0L\RVHQ� \DúOÕ�� J|OVHO� NLUHoWDúODUÕQGDQ� ROXúDQ� <XNDUÕ|UHQ� .LUHoWDúÕ�
�%R]WX÷��������WDUDIÕQGDQ�X\XPVX]OXNOD�|UW�OPHNWHGLU�� 

.|VHGD÷� %DWROLWL¶� QL� ROXúWXUDQ� GHULQOLN� ND\DoODUÕQGDQ� LWLEDUHQ�
RWRKLGURWHUPDO� DOWHUDV\RQ� PHNDQL]PDVÕ� LOH� W�UH\HQ� YH� EDúOÕFD� NLOOHúPH��
HSLGRWODúPD�� NORULWOHúPH�� VLOLVOHúPH� W�U�� ER]XQPDODUD� X÷UD\DQ� VL\HQLWLN�
ND\DoODUGDQ� LWLEDUHQ� ROXúDQ� *HPLQGHUH�0HWDVRPDWLWL� .|VHGD÷� %DWROLWL� LOH� D\QÕ 
\DúD� VDKLS� DQFDN� EX� ND\DoODUGDQ� LWLEDUHQ� W�UHGL÷L� LoLQ� ELUD]� GDKD� JHQo� RODUDN�
GH÷HUOHQGLULOPHNWHGLU� �%R]WX÷�� ������� *HPLQGHUH� YDGLVL� LoHULVLQGH� J|]OHQHQ� EX�
ELULP�<XNDUÕ|UHQ�.LUHoWDúODUÕ�WDUDIÕQGDQ�X\XPVX]OXNOD�|UW�OPHNWHGLU�� 

0DGHQ� PH]UDVÕ� \|UHVLQGH� J|]OHQHQ� 0DGHQ� 0HWDVRPDWLWL� LVH� .|VHGD÷�
%DWROLWL¶� QLQ� ROXúXPXQGDQ� VRQUD� JHUL\H� NDODQ� KLGURWHUPDO� o|]HOWLOHULQ� oHYUH�
kayaçlardan itibaren (Aksu Formasyonu) hidrotermal alterasyonlarla meydana 

JHOHQ�ND\DoODUGDQ�ROXúDQ�ELULP�.|VHGD÷�%DWROLWL� LOH�$NVX�)RUPDV\RQX�DUDVÕQGD�
JHOLúHQ�ELU�NRQXPD�VDKLSWLU��%R]WX÷����������� 

.|VHGD÷�%DWROLWL¶�QL�X\XPVX]OXNOD��]HUOH\HQ�YH� ODJ�QHU�NLUHoWDúODUÕQGDQ�
ROXúDQ�<XNDUÕ|UHQ�.LUHoWDúODUÕ�IRVLO�LoHUL÷LQH�GD\DQDUDN�%R]WX÷��������WDUDIÕQGDQ�
$OW�0L\RVHQ�\DúOÕ�YHULOPLúWLU�� 

øON�NH]�.DONDQFÕ��������WDUDIÕQGDQ�.HUDWRILU�ELULPL�RODUDN�DGODQGÕUÕODQ�YH�
VL\DKÕPVÕ-\HúLOLPVL� UHQNOL� SRILULN� GRNXOX� ND\DoODUGDQ� ROXúDQ� 7�\O�GHUH� %D]DOWÕ�
�%R]WX÷�� ������ oDOÕúPD� DODQÕ� LoHULVLQGHNL� HQ� JHQo� ELULPGLU�� .DONDQFÕ� �������
WDUDIÕQGDQ�hVW�(RVHQ�VRQUDVÕ�ELU�\DúD�VDKLS�RODELOHFH÷L�LOHUL�V�U�OHQ�ELULPH�%R]WX÷�
�������WDUDIÕQGDQ�3OL\R-.XYDWHUQHU�\DúÕ�YHULOPLúWLU��� 

.|VHGD÷� %DWROLWL¶� QL� ROXúWXUDQ� HVDV� ELULPOHU� PDNURVNRSLN� RODUDN�
pembemsi-grimsi renkli, orta-NDED� WDQHOL� ELU� GRNX\D� VDKLS� ROXS�� EDoOÕFD� .-

Feldispat, plajiyokla]�� EL\RWLW� YH� DPILERO� JUXEX�PLQHUDOOHUGHQ�ROXúPDNWDGÕU��%X�
ND\DoODU� LoHULVLQH�\HUOHúHQ�GDKD� LQFH� WDQHOL�ND\DoODU� LVH�JHQHOOLNOH�PLNURVL\HQLW-
PLNURNXYDUV�VL\HQLW�ELOHúLPOL�ND\DoODUGDQ�ROXúPDNWDGÕU�� 
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.DONDQFÕ�������� WDUDIÕQGDQ�\DSÕODQ�oDOÕúPDGD�ELULP�NHQGL�DUDVÕQGD�NHQDU�
IDVL\HVL��NXYDUVOÕ�VL\HQLW��EL\RWLWOL�VL\HQLW�RODUDN���IDVL\HVH�D\ÕUWODQPÕúWÕU� 

%R]WX÷� ������� WDUDIÕQGDQ� \DSÕODQ� oDOÕúPDGD� LVH�� EDWROLWL� ROXúWXUDQ� ND\Do�
|UQHNOHULQLQ� DUD]L� oDOÕúPDODUÕQGD� VXQPXú� ROGX÷X� GRNXVDO� |]HOOLNOHUH� J|UH� RUWD-

kaba taneli siyenit-kuvars siyenit ve ince taneli mikrosiyenit/mikrokuvars siyenit 

ROPDN� �]HUH� EDúOÕFD� LNL� DOW� ELULPH� D\UÕOPÕúWÕU�� $QFDN�� ODERUDWXYDUGD�
JHUoHNOHúWLULOHQ� PLQHUDORMLN-petrografik ve jeokimyasal incelemeler sonucunda 

NXYDUV� VL\HQLW� ELOHúLPOL� ND\DoODUÕQ� EDWROLWLQ� RUWD� NHVLPLQGH�� VL\HQLW� ELOHúLPOL�
ND\DoODUÕQ�LVH�EDWROLWLQ�NX]H\�YH�J�QH\�NHVLPOHULQGH�D÷ÕUOÕNOÕ�RODUDN�EXOXQGXNODUÕ�
EHOLUWPLúWLU��%X�VRQXoODUGDQ�\DUDUODQDUDN��LOJLOL�ND\Do�|UQHNOHULQLQ�ORNDV\RQODUÕQÕ�
WDNLS�HGLS�RODVÕOÕ�VÕQÕUODU�KDOLQGH�NXYDUV�VL\enit-VL\HQLW�D\UÕPÕ�JHUoHNOHúWLUPLú�YH�
.|VHGD÷� %DWROLWL� VL\HQLWOHU�� NXYDUV� VL\HQLWOHU� YH� PLNURVL\HQLWOHU�PLNURNXYDUV�
VL\HQLWOHU�ROPDN��]HUH�KDULWDODQDELOLU��o�OLWRGHP�ELULPLQH�D\ÕUPÕúWÕU� 

.|VHGD÷� %DWROLWL¶� QGH� \�U�W�OHQ� oDOÕúPDODUGD� JHQHO� RODUDN� oHYUH�
kayaoODUÕQÕQ�2UWD�(RVHQ�\DúOÕ� YRONDQR-VHGLPDQWHU� NDUDNWHUOL� ND\DoODU� ROGX÷X�YH�
.|VHGD÷�%DWROLWL¶� QLQ� LVH� EX�ND\DoODUÕ� VÕFDN�GRNDQDNOD� NHVWL÷L� LOHUL� V�U�OP�úW�U�
�.DONDQFÕ��������%R]WX÷�YH�GL÷���������%R]WX÷���������$\UÕFD��.DONDQFÕ� �������
WDUDIÕQGDQ�\DSÕODQ�5E-6U�UDG\RPHWULN�\Dú� WD\LQL�oDOÕúPDODUÕQGD�.|VHGD÷�%DWROLWL�
DQD� N�WOHVLQL� ROXúWXUDQ� NXYDUVOÕ� VL\HQLWOHULQ� \DúÕ� ��+�� PLO\RQ� \ÕO�� GDPDU�
ND\DoODUÕQÕ� ROXúWXUDQ�SHJPDWLWLN� EL\RWLWOL� VL\HQLWOHULQ�\DúÕ� LVH���+����PLO\RQ�\ÕO�
RODUDN� |Oo�OP�úW�U�� %X� YHULOHUH� GD\DQDUDN� .|VHGD÷� %DWROLWL¶� QLQ� hVW� (RVHQ�
\DúÕQGD� ROGX÷X� EHOLUWLOPLúWLU� �.DONDQFÕ�� ������ %R]WX÷� YH� GL÷��� ������ %R]WX÷��
2001).  

%X� oDOÕúPD� NDSVDPÕQGD� \�U�W�OHQ� WHN� ]LUNRQ� 207Pb-206Pb evaporasyon 

\DúODQGÕUPD� \|QWHPLQGH� LVH�� .|VHGD÷� %DWROLWL¶� QLQ� \DúÕ� ����+6.4 milyon \ÕO�
RODUDN� HOGH� HGLOPLúWLU� �%|O�P� ���� %|\OHFH�� HOGH� HGLOHQ� EX� VRQ� UDG\RPHWULN� \Dú�
WD\LQL�oDOÕúPDODUÕ�YH�|QFHNL�oDOÕúPDODU�GD�GLNNDWH�DOÕQDUDN��.|VHGD÷�%DWROLWL¶�QLQ�
\HUOHúPH�\DúÕQÕQ�$OW�(RVHQ¶�H�NDGDU�LQHELOHFH÷L�|QH�V�U�OPHNWHGLU� 

Özellikle, Rb-Sr tümkayaç ve tek zirkon 207Pb-206Pb evaporasyon 

\DúODQGÕUPD� \|QWHPOHULQLQ� NDSDQPD� VÕFDNOÕNODUÕ� DUDVÕQGDNL� IDUN�� |UQH÷LQ� 5E-Sr 

tümkayaç yöntemi için 650-550 oC (Faure, 1986) ve tek zirkon 207Pb-206Pb 



 49 

HYDSRUDV\RQ� \DúODQGÕUPD� \|QWHPL� LoLQ� \DNODúÕN� ���-800 o&� ROGX÷X� Jöz önüne 

DOÕQGÕ÷ÕQGD�� HVDV� LWLEDUÕ\OD� VXEYRONDQLN� NDUDNWHUOL� VÕ÷� \HUOHúLP� |]HOOL÷L� VXQDQ�
.|VHGD÷� %DWROLWL¶� QLQ� \HUOHúPH� \DúÕQÕQ� YH� \|UHGHNL� YRONDQR-sedimanter 

ROXúXNODUÕQ�\DúÕQÕQ�$OW�(RVHQ¶H�NDGDU�LQHELOHFH÷L�LOHUL�V�U�OPHNWHGLU� 
'L÷HU� WDUDIWDQ�� oDOÕúPD� DODQÕQÕQ� NX]H\� YH� NX]H\GR÷X� NHVLPOHULQGH�

ùHELQNDUDKLVDU�� $OXFUD� YH� *�P�úKDQH� \|UHOHULQGH� \DNODúÕN� '-%� GR÷UXOWXOX�
\�]OHNOHU� úHNOLQGH� J|]OHQHQ�(RVHQ�\DúOÕ� YRONDQR-sedimanter birimlerin Alt-Orta 

(RVHQ� \DúOÕ� ROGXNODUÕ� IRVLO� YHULOHUL\OH� ]DWHQ� EHOLUOHQPLú� GXUXPGDGÕU� �2ND\� YH�
ùDKLQW�UN��������%R]WX÷�YH�GL÷��������� 
 .|VHGD÷�%DWROLWL��]HULQGH�\DSÕODQ�EX�oDOÕúPDGD�VÕUDVÕQGD�%R]WX÷��������
WDUDIÕQGDQ�\DSÕODQ����������|OoHNOL�MHRORML�KDULWDVÕ�GLNNDWH�DOÕQPÕú�ROXS��EDWROLWLQ�
apatit fission-track yöntemiyle yüzeylenme tariKoHVLQLQ� DoÕ÷D� oÕNDUÕOPDVÕ�
DPDoODQGÕ÷ÕQGDQ�GROD\Õ�E|OJHGH�.'-*%�GR÷UXOWXOX�KDULWDODQDELOLU�|OoHNOL�ID\ODU�
UHYL]H�HGLOHQ�KDULWD��]HULQH�\HUOHúWLULOPLúWLU��ùHNLO������� 
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ùHNLO� ����� .DUDoD\ÕU� \|UHVL� YH� \DNÕQ� oHYUHVLQLQ� MHRORML� KDULWDVÕ� �%R]WX÷� YH� GL÷�� ����¶� GDQ� UHYL]H� HGLOPLúWLU�
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ùHNLO������.|VHGD÷�%DWROLWL¶�QLQ� �6XúHKUL-.'�6LYDV�� MHRORML�KDULWDVÕ��%R]WX÷������¶�GHQ�
UHYL]H�HGLOPLúWLU� 
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.|VHGD÷� %DWROLWL� YH� .DUDoD\ÕU� 6L\HQLWL¶� QH� DLW� ND\Do� |UQHNOHULQLQ�
mineralojik-SHWURJUDILN� LQFHOHPHOHUL� \DSÕOGÕNWDQ� VRQUD� SHWURORMLN�YH� SHWURMHQHWLN�
|]HOOLNOHULQLQ� VDSWDQPDVÕ� DPDFÕ\OD� .DUDoD\ÕU� 6L\HQLWL¶� QH� DLW� �� DGHW� |UQHNWH� YH�
.|VHGD÷� %DWROLWL¶� QH� DLW� ��� DGHW� �]HULQGH� HVHU�� QDGLU� WRSUDN� HOHPHQW� DQDOL]OHUL�
\DSWÕUÕOPÕú�YH�EX�VRQXoODU�oHúLWOL�GL\DJUDPODU��]HULQGH�GH÷HUOHQGLULOPLúWLU� 

.DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶� QH� DLW� ELULPOHU� NDUúÕODúWÕUÕOPDOÕ�
MHRNLP\DVDO� \RUXPODUÕQ� \DSÕODELOPHVL� LoLQ� D\QÕ� GL\DJUDPODU� �]HULQGH�
GH÷HUOHQGLULOPLúWLU�� 

 

3.2. Mineralojik-Petrografik ve Jeokimyasal Özellikler 

3.2.1. Mineraloji-Petrografi 

.DUDoD\ÕU�6L\HQLWL�YH�.|VHGD÷�%DWROLWL¶�QLQ�PLQHUDORMLN-petrografik ve ana 

HOHPHQW� MHRNLP\DVÕ� NDUDNWHULVWLNOHUL� VÕUDVÕ\OD� %R]WX÷� YH� GL÷�� ������� YH� %R]WX÷�
�������WDUDIÕQGDQ�D\UÕQWÕOÕ�RODUDN�YHULOPLúWLU� 

.DUDoD\ÕU�6L\HQLWL� W�P�ND\Do�|UQHNOHUL�DQDOL]�VRQXoODUÕQD�J|UH�'HERQ�YH�
/H� )RUG� ������� LVLPOHQGLUPH� GL\DJUDPÕQGD� NXYDUV� VL\HQLW�� VL\HQLW�� PRQ]RQLW�
E|OJHVLQH�G�úPHNWHGLU��ùHNLO�������� 

0DNURVNRSLN� RODUDN� SHPEHPVL� \HU� \HU� VDUÕPVÕ-EH\D]ÕPVÕ� UHQNOL� ROXS��
DOWHUDV\RQ�]RQODUÕ�ER\XQFD�NDKYHUHQJLPVL��NÕUPÕ]ÕPVÕ�UHQNOHU�J|]H�oDUSPDNWDGÕU� 

+RORNULVWDOLQ� KLSLGL\RPRUI� WDQHVHO� GRNX� J|VWHUHQ� EX� ND\DoODUÕ� ROXúWXUDQ�
DQD� ELOHúHQOHU�� RUWRNOD]�� DOELW�� SODML\RNOD]�� PXVNRYLW�� EL\RWLW�� KRUQEOHQG�� WDOL�
ELOHúHQOHU�LVH�DSDWLW��]LUNRQ�YH�WLWDQLW�PLQHUDOOHULGLU��(N�$��� 

Ortoklaz, grimsi-EH\D]ÕPVÕ� UHQNWH�� oR÷XQOXNOD� \DUÕ� |]úHNLOOL-|]úHNLOVL]�
ROXS�� NDUOVEDG� LNL]OHQPHVL� \D\JÕQ� RODUDN� J|U�OPHNWHGLU�� .LOOHúPH� ROGXNoD�
\D\JÕQGÕU��ùHNLO����D��E��� 

Plajiyoklaz��\DUÕ�|]úHNLOOL-|]úHNLOOL��oXEX÷XPVX�SUL]PDWLN�ROXS�WLSLN�RODUDN�
polisentetLN� LNL]OHQPH�J|]OHQPHNWHGLU��0LQHUDOGH�\D\JÕQ�RODUDN�NLOOHúPH�YH�oRN�
\R÷XQ�VHUL]LWOHúPHOHU�J|U�OPHNWHGLU� 
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Albit, I. dizinin grimsi-EH\D]� JLULúLP� UHQNOHULQH� VDKLS� ROXS�� JHQHOOLNOH�
LSOLNVL�� úHULW� YH� \DPD� ELoLPOL� ODPHOOHU� úHNOLQGH� RUWRNOD]� PLQHUDOOHUL� LoHULVLnde 

J|]OHQPHNWHGLU��ùHNLO����D��E�� 
Muskovit�� \DUÕ� |]úHNLOOL�� OHYKD-\DSUDN� úHNLOOL� ROXS� WHN� \|QO�� P�NHPPHO�

GLOLQLPOHU�YH�SDUDOHO�SXOVX�V|QPH�WLSLNWLU��ùHNLO����D��E�� 
Biyotit�� \DUÕ� |]úHNLOOL-OHYKDPVÕ� ROXS�� SXOVX�SDUDOHO� V|QPH�� DoÕN�

kahverengiden koyu kahveUHQJL\H� GH÷LúHQ� SOHRNR\L]PDVÕ� LOH� WLSLNWLU�� %L\RWLW�
minerallerinin c eksenine dik geçen kesitlerinde dilinimsiz ve pleokroyizma 

J|VWHUPH\HQ�ROXúXPODUÕ�GD�JHOLúPLúWLU��ùHNLO����D��E��ùHNLO����D��E��� 
Hornblend��DoÕN�\HúLOGHQ�NR\X�\HúLOH�NDGDU�GH÷LúHQ�SOHRNUoyizma gösteren 

OHYKDPVÕ�SUL]PDWLN�ELoLPOL�JHQHOOLNOH�\DUÕ�|]úHNLOOL-|]úHNLOOL�PLQHUDOOHUGLU��6|QPH�
DoÕODUÕ� ��o-21o� DUDVÕQGDGÕU�� F� HNVHQLQH� GLN� NHVLWOHUL� DOWÕJHQ� RODUDN� J|]OHQPHNOH�
ELUOLNWH�ED]Õ�NHVLWOHUGH�NDUOVEDG�LNL]OHUL�J|]OHQPHNWHGLU��ùHNLO����D��E�� 

Kuvars,�|]úHNLOVL]��UHQNVL]GLU�YH�RSWLN�HQJHEHVL�oRN�G�ú�NW�U� 
Apatit�� JULPVL� VL\DK� JLULúLP� UHQNOHULQH� VDKLS�� RSWLN� HQJHEHVL� ROGXNoD�

\�NVHN�� UHQNVL]� ELU� PLQHUDOGLU�� .�o�N� YH� |]úHNLOOL� NULVWDOOHU� SUL]PDWLN-L÷QHPVL�
ROXS�� F� HNVHQLQH�GLN�JHoHQ�NHVLWOHUGH�DOWÕJHQ�úHNLOOLGLU�YH�RSWLN� L]RWURS�GDYUDQÕú�
VHUJLOHU�� dR÷XQOXNOD� GL÷HU� PLQHUDOOHU� �EL\RWLW�� KDUQEOHQG�� LoHULVLQGH� NDSDQÕPODU�
KDOLQGH�J|]OHPHNWHGLU��ùHNLO����D��E���� 

Zirkon��|]úHNLOOL��NÕVD�SUL]PDWLN�ELoLPOL��FDQOÕ�JLULúLP�UHQNOHULQH�VDKLSWLU��
Oldukça yüksek oSWLN� HQJHEH\H� VDKLS� ROXúX�� oHYUHVLQGHNL� SOHRNUR\LN� KDOH�
(metamiktizasyon sonucu) ve koyu renkli mineraller içerisinde (özellikle biyotit) 

NDSDQÕPODU�úHNOLQGH�J|]OHQPHVL�LOH�WLSLNWLU��ùHNLO����D��E��ùHNLO����D��E��ùHNLO����D��
b). 

Titanit, kahverengimsi renkOL��\DUÕ�|]úHNLOOL-|]úHNLOOL��WLSLN�RODUDN�HúNHQDU�
G|UWJHQ� úHNLOOLGLU�� 6LPHWULN� V|QPH� J|]OHQLU� YH� RSWLN� HQJHEHVL� oRN� \�NVHN� ELU�
mineraldir.  

2SDN�PLQHUDO��|]úHNLOOL-\DUÕ|]úHNLOOL�RSWLN�L]RWURS�PLQHUDOGLU�� 
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.D\DoODU�LoHULVLQGH�SHUWLWOHúPHOHU��ùHNLO����D��E��LOH�ELUOLNWH�NDUERQDWODúPD�
�ùHNLO����D��E���NLOOHúPH��ùHNLO����D��E��ùHNLO����D��E����VHUL]LWOHúPH��ùHNLO����D��E��
türü bozunmalar gözlenmektedir.  

 

 

 

ùHNLO������.DUDoD\ÕU�6L\HQLWL¶�QLQ�(a) çift nikol, (b) tek nikoldeki genel görünümü (BAL-

74) 

 

 

 

 

ùHNLO 3.4.�.DUDoD\ÕU�6L\HQLWL¶�QH�DLW�ND\Do�|UQHNOHULQGH�J|]OHQHQ�]LUNRQ�PLQHUDOOHULQLQ�(a) 

çift nikol, (b) tek nikol görünümü (BAL-74) 

 

0.3 mm 0.3 mm

Ms

Bt

Pl

Ms

Bt

Pl

(a) (b)

(a) (b)

0.1 mm 0.1 mm

Zrn

Zrn

Zrn

Zrn
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ùHNLO������.DUDoD\ÕU�6L\HQLWL¶�QH�DLW�ND\Do�|UQHNOHULQGH�J|]OHQHQ�SHUWLWLN�GRNX�YH�
hornblend minerallerinin (a) çift ve (b)�WHN�QLNRO�J|U�Q�P���.DUDoD\ÕU�6L\HQLWL�
BAL-75 nolu örnek) 

 

 

 

ùHNLO������%L\RWLW��EÕoD÷ÕPVÕ�EL\RWLW��]LUNRQ�PLQHUDOOHUL�YH�NDUERQDWODúPD�W�U��
ER]XQPDQÕQ�(a) çift ve (b)�WHN�QLNRO�J|U�Q�P���.DUDoD\ÕU�6L\HQLWL�%$/-76 nolu 

örnek) 

 

 

0.3 mm 0.3 mm

(a) (b)
Ab

Or

Hbl
Ab

Or

Hbl

0.3 mm 0.3 mm

(a) (b)

Bt

Cal

Zrn

Bt

Bt

Cal

Zrn

Bt
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ùHNLO� ����� Zirkon ve apatit (c eksenine dik) minerallerinin (a) çift ve (b) tek nikol 

J|U�Q�P���.DUDoD\ÕU�6L\HQLWL�%$/-78 no’ lu örnek) 

 

Makroskopik düzeyde pembemsi-grimsi renkli, orta-kaba taneli bir dokuya 

VDKLS�RODQ�.|VHGD÷�%DWROLWL�W�P�ND\Do�|UQHNOHUL�DQDOL]�VRQXoODUÕQD�göre Debon ve 

/H�)RUG� ������� LVLPOHQGLUPH�GL\DJUDPÕQGD� VL\HQLW�� NXYDUV� VL\HQLW��PRQ]RQLW�YH�
NXYDUV�PRQ]RQLW�E|OJHOHULQGH�J|]OHQPHNWHGLU��ùHNLO�������� 

Holokristalin hipidiyomorf tanesel dokuya sahip olana kayaçlarda ana 

ELOHúHQ�RODUDN�RUWRNOD]��SODML\RNOD], biyotit, amfibol grubu mineraller (hornblend 

ve nadir olarak alkali amfibollerden hastingsit), klinopiroksen (ojit, diyopsitik 

RMLW��� WDOL� ELOHúHQOHU� LVH� L÷QHPVL� DSDWLW�� ]LUNRQ�� WLWDQLW� YH� HQGHU� RODUDN� WXUPDOLQ�
mineralleridir (Ek A).  

Ortoklaz, grimsi-be\D]ÕPVÕ� UHQNWH�� oR÷XQOXNOD� \DUÕ� |]úHNLOOL-|]úHNLOVL]�
ROXS��NDUOVEDG�LNL]OHQPHVL�\D\JÕQ�RODUDN�J|U�OPHNWHGLU��.LOOHúPH��ùHNLO�����D��E���
ROGXNoD� \D\JÕQGÕU�� 2UWRNOD]� PLQHUDOOHUL� LoHULVLQGH� SODML\RNOD]� PLQHUDOOHULQLQ�
J|]OHQPHVL\OH�RUWD\D�oÕNDQ�DQWLUDSDNLYL�GRNXVX��ùHNLO����D��E��J|]OHQPHNWHGLU�� 

Plajiyoklaz��\DUÕ�|]úHNLOOL-|]úHNLOOL��oXEX÷XPVX�SUL]PDWLN�ROXS�WLSLN�RODUDN�
SROLVHQWHWLN� LNL]OHQPH�J|]OHQPHNWHGLU��0LQHUDOGH�\D\JÕQ�RODUDN�NLOOHúPH�YH�oRN�
\R÷XQ�VHUL]LWOHúPHOHU�J|U�OPHNWHGLU��ùHNLO����D��E�� 

Zrn

Zrn
Ap

Zrn

Zrn
Ap

(a) (b)

0.2 mm 0.2 mm
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Biyotit, \DUÕ� |]úHNLOOL-OHYKDPVÕ� ROXS�� SXOVX�SDUDOHO� V|QPH�� DoÕN�
NDKYHUHQJLGHQ� NR\X� NDKYHUHQJL\H� GH÷LúHQ� SOHRNR\L]PDVÕ� LOH� WLSLNWLU�� 2OGXNoD�
\D\JÕQ� RODUDN� NORULWOHúPH� W�U�� ER]XQPDODUÕQ� J|]OHQGL÷L� EL\RWLW�PLQHUDOOHULQLQ� F�
eksenine dik geçen kesitlerinde dilinimsiz ve pleokroyizma göstermeyen 

ROXúXPODUÕ�GD�JHOLúPLúWLU��ùHNLO�����D��E��� 
Hornblend��DoÕN�\HúLOGHQ�NR\X�\HúLOH�NDGDU�GH÷LúHQ�SOHRNUR\L]PD�J|VWHUHQ�

OHYKDPVÕ�SUL]PDWLN�ELoLPOL�JHQHOOLNOH�\DUÕ�|]úHNLOOL-|]úHNLOOL�PLQHUDOOHUGLU��6|QPH�
DoÕODUÕ� ��o-21o� DUDVÕQGDGÕU�� F� HNVHQLQH� GLN� NHVLWOHUL� DOWÕJHQ� RODUDN� J|]OHQPHNOH�
ELUOLNWH�ED]Õ�NHVLWOHUGH�NDUOVEDG�LNL]OHUL�J|]OHQPHNWHGLU��ùHNLO����D��E������D��E�� 

Ojit�� |]úHNLOOL-\DUÕ� |]úHNLOOL� F� HNVHQLQH� GLN� NHVLWOHULQGH� VHNL]JHQ� ROXS�
OHYKDPVÕ�SUL]PDWLN�úHNLOOLGLU��&DQOÕ�JLULúLP renkleri, renksiz-VROXN�\HúLO�UHQNOHUGH�
RODQ�EX�PLQHUDOLQ�V|QPH�DoÕVÕ���o-43o�DUDVÕQGD�GH÷LúPHNWHGLU��dHNLUGHN�NÕVPÕQGD�
NRUXQPXú� RODQ� RMLW� PLQHUDOOHULQLQ� oHYUHVL� KRUQEOHQG�� KRUQEOHQG-biyotit veya 

VDGHFH�EL\RWLW�PLQHUDOOHULQH�G|Q�úP�ú�ROXS�WLSLN�RODUDN�GHQge kristalizasyonuna 

LúDUHW�HWPHNWHGLU��ùHNLO����D��E��ùHNLO�����D��E�� 
Kuvars,�|]úHNLOVL]��UHQNVL]GLU�YH�RSWLN�HQJHEHVL�oRN�G�ú�NW�U� 
Klorit,� \DUÕ� |]úHNLOOL� YH� OHYKDPVÕ� SUL]PDWLN� ROXS� EL\RWLW� PLQHUDOOHULQHQ�

LWLEDUHQ�ER]XQPD�LOH�ROXúWXNODUÕQGDQ�GROD\Õ�DQRUmal mavimsi veya kahverengimsi 

JLULúLP�UHQNOHUL��\HúLO�HQNOHUL�LOH�WLSLNWLU��ùHNLO�����D��E��� 
Tremolit-aktinolit, prizmatik kristalleri uzun prizmatik-L÷QHPVL�OLIVL�

ELoLPOHUGH� J|]OHQPHNWHGLU�� 7UHPROLW� UHQNVL]�� DNWLQROLW� VROXN� \HúLO� UHQNOHUGHGLU��
Hornblend� PLQHUDOOHULQLQ� NHQDUODUÕQGDQ� LWLEDUHQ� ER]XQPDVÕ� úHNOLQGH� RUWD\D�
oÕNPDNWDGÕU��ùHNLO�����D��E�� 

Apatit�� JULPVL� VL\DK� JLULúLP� UHQNOHULQH� VDKLS�� RSWLN� HQJHEHVL� ROGXNoD�
\�NVHN�� UHQNVL]� ELU� PLQHUDOGLU�� .�o�N� YH� |]úHNLOOL� NULVWDOOHU� SUL]PDWLN-L÷QHPVL�
olup, c eksHQLQH�GLN�JHoHQ�NHVLWOHUGH�DOWÕJHQ�úHNLOOLGLU�YH�RSWLN� L]RWURS�GDYUDQÕú�
VHUJLOHU�� dR÷XQOXNOD� GL÷HU� PLQHUDOOHU� �EL\RWLW�� KDUQEOHQG�� LoHULVLQGH� NDSDQÕPODU�
KDOLQGH�J|]OHPHNWHGLU��ùHNLO����D��E��ùHNLO�����D��E���� 
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Zirkon��|]úHNLOOL��NÕVD�SUL]PDWLN�ELoLPOL��FDQOÕ�JLULúLP�UHQNOHULQH�VDKLSWLU��
2OGXNoD� \�NVHN� RSWLN� HQJHEH\H� VDKLS� ROXúX�� oHYUHVLQGHNL� SOHRNUR\LN� KDOH�
(metamiktizasyon sonucu) ve koyu renkli mineraller içerisinde (özellikle biyotit) 

NDSDQÕPODU�úHNOLQGH�J|]OHQPHVL�LOH�WLSLNWLU��ùHNLO�����D��E��� 
Titanit��NDKYHUHQJLPVL�UHQNOL��\DUÕ�|]úHNLOOL-|]úHNLOOL��WLSLN�RODUDN�HúNHQDU�

G|UWJHQ� úHNLOOLGLU�� 6LPHWULN� V|QPH� J|]OHQLU� YH� RSWLN� HQJHEHVL� oRN� \�NVHN� ELU�
PLQHUDOGLU��ùHNLO�����D��E��� 

Turmalin�� NÕVD� SUL]PDWLNWHQ� LQFH-X]XQ� YH� L÷QH\H� NDGDU� GH÷LúHQ� úHNLOOHUH�
sahiptLU�� ø÷QH� úHNLOOL� NULVWDOOHULQ� ÕúÕQVDO� RODUDN� GL]LOLPL� VRQXFX� WXUPDOLQ� J�QHúL�
RUWD\D�oÕNDU��*HQHOOLNOH�\HúLO�UHQNOHUGH�|]OHQPHNWHGLU��ùHNLO�����D��E��� 

2SDN�PLQHUDO��|]úHNLOOL-\DUÕ|]úHNLOOL�RSWLN�L]RWURS�PLQHUDOGLU�� 
Kayaçlar içerisinde denge kristallenmesi� �ùHNLO� ���D�� E�� ùHNLO� ����D�� E���

tremolit-DNWLQROLW� PLQHUDOOHUL� YH� NORULW� PLQHUDOOHULQLQ� \DQÕ� VÕUD� NDUERQDWODúPD��
NLOOHúPH��VHUL]LWOHúPH�W�U��ER]XQPDODU�J|]OHQPHNWHGLU� 
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ùHNLO������.|VHGD÷�%DWROLWL�ND\Do�|UQH÷LQGH�J|]OHQHQ�DQWLUDSDNLYL�GRNXVXQXn (a) çift ve 

(b) tek nikoldeki görünümü (BAL-86) 

 

 

 

 

ùHNLO������.|VHGD÷�%DWROLWL�%$/-���QR¶�OX�ND\Do�|UQH÷LQGH�GHQJH�NULVWDOOHQPHVL��ROD\Õ�YH�
apatit minerallerinin (a) çift ve (b) tek nikoldeki görünümü  

 

 

 

Pl

Or

Or

Pl

0.3 mm 0.3 mm

(a) (b)

Pl

Or

Or

Pl
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Hbl

(a) (b)
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Hbl

ApAp
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Hbl
Hbl
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�ùHNLO�������.|VHGD÷�%DWROLWL�%$/-86 no’ lu ND\Do�|UQH÷LQGH�GHQJH�NULVWDOOHQPHVL�
ROD\ÕQÕQ�(a) çift ve (b) tek nikoldeki görünümü  

 

 

 

 

 

ùHNLO� ������ .|VHGD÷� %DWROLWL� ND\Do� |UQHNOHUL� LoHULVLQGH� J|]OHQHQ� ]LUNRQ� YH� WLWDQLW�
minerallinin (a) çift ve (b) tek nikoldeki görünümü (BAL-87) 

 

 

 

Aug

Hbl

Bt

Hbl

Bt

Aug

Hbl

Bt Hbl

Bt

(a) (b)

0.3 mm 0.3 mm

0.1 mm 0.1 mm
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ùHNLO������ Bi\RWLWOHULQ�ER]XQPDVÕ� VRQXFX�J|]OHQHQ�NORULW�PLQHUDOOHULQLQ�(a) çift ve (b) 

WHN�QLNROGHNL�J|U�Q�P���.|VHGD÷�6L\HQLWL�%$/-89 nolu örnek) 

 

 

 

 

ùHNLO�������.|VHGD÷�6L\HQLWL¶�QH�DLW�ND\Do�|UQHNOHULQGH�J|]OHQHQ�WXUPDOLQ�PLQHUDOOHULQLQ�
(a) çift ve (b) tek nikoldeNL�J|U�Q�P���.|VHGD÷�6L\HQLWL�%$/-89 nolu örnek) 

 

 

 

 

 

0.2 mm 0.2 mm

(a) (b)

Chl Chl

0.2 mm0.2 mm

Tur
Tur

Tur

Tur

(a) (b)
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ùHNLO� ������ .|VHGD÷� %DWROLWL� ND\Do� |UQHNOHUL� LoHULVLQGH� KRUQEOHQG� PLQHUDOOHULQGHQ�
LWLEDUHQ� ROXúDQ� OLIVL�L÷QHPVL� WUHPROLW�DNWLQROLW�PLQHUDOOHULQLQ� (a) çift ve (b) tek 

nikoldeki görünümü (BAL-91) 

 

 

 

 

ùHNLO� ������ .|VHGD÷� %DWROLWL� ND\Do� |UQHNOHUL� LoHULVLQGH� J|]OHQHQ� L÷QHPVL� DSDWLW�
minerallerinin (a) çift ve (b) tek nikoldeki görünümü (BAL-96) 

 

   

 

(a) (b)

0.2 mm 0.2 mm

Tr/Act

Tr/Act

Tr/Act

Tr/Act

Tr/Act

Tr/Act

0.1 mm 0.1 mm

(a) (b)
ApAp
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�������$QD�HOHPHQW�MHRNLP\DVÕ 
$QD�HOHPHQW�MHRNLP\DVÕ�YHULOHULQH�J|UH��.DUDoD\ÕU�6L\HQLWL��EDúOÕFD�VL\HQLW�

ve� NXYDUV� VL\HQLW�� .|VHGD÷� %DWROLWL� LVH� \LQH� EDúOÕFD� VL\HQLW� YH� NXYDUV� VL\HQLWLQ�
\DQÕVÕUD� HQGHU� RODUDN� GD� PRQ]RQLW� YH� NXYDUV� PRQ]RQLW� ELOHúLPOL�� \�NVHN� .-lu 

DONDOLQ�YH�PHWDO�PLQR�ELOHúLP�VHUJLOHPHNWHGLU��ùHNLO�������� 
 

�������(VHU�YH�5((�MHRNLP\DVÕ 
.DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶� QGH� %R]WX÷� YH� GL÷�� ������� YH�

%R]WX÷��������WDUDIÕQGDQ�JHUoHNOHúWLULOHQ�oDOÕúPDODUGD�EDúOÕFD�DQD�YH�VÕQÕUOÕ�VD\ÕGD�
HVHU�HOHPHQW� MHRNLP\DVÕ�YHULOHUL�EXOXQGX÷XQGDQ��EX�oDOÕúPD�NDSVDPÕQGD�KHU� LNL�
ELULP� GH� HVHU� YH� 5((� MHRNLP\DVÕ� EDNÕPÕQGDQ� D\UÕQWÕOÕ� RODUDN� LQFHOHQPLúWLU��
dL]HOJH����¶�GHNL�.DUDoD\ÕU�6L\HQLWL¶�QH�YH�dL]HOJH�����¶�GHNL�.|VHGD÷�%DWROLWL¶�QH�
DLW�HVHU�YH�QDGLU�WRSUDN�HOHPHQWL��5((��MHRNLP\DVÕ�YHULOHUL�EX�ELULPOHULQ�N|NHQVHO�
LQFHOHQPHVLQH�\|QHOLN�RODUDN�oHúLWOL�GL\DJUDPODUGD��ùHNLO�������������������������
GH÷HUOHQGLULOPLúWLU�� 
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Çizelge 3.1.�.DUDoD\ÕU�6L\HQLWL¶�QH�DLW�HVHU��SSP��SSE��YH�QDGLU�WRSUDN�HOHPHQW��5((��SSP��DQDOL]�VRQXoODUÕ� 
 

 

.$5$d$<,5�6ø<(1ø7ø�(6(5�YH�1$'ø5�7235$.�(/(0(17�ød(5ø./(5ø 
 

Örn  No Mo Cu Pb Zn As Sb Bi Tl Co Cr V Ba Cs Ga Hf Nb Rb Sn Sr Ta 

BAL-74 3 nd 61 71 nd nd 1.0 1.6 1 27 36 2230 2.0 21 5.0 53 234 nd 1080 4.4 

BAL-75 4 21 14 32 nd nd 2.0 1.6 4 45 22 1840 1.6 26 6.2 21 175 nd 513 1.1 

BAL-76 nd nd 49 138 nd nd 1.6 2.1 6 nd 139 5130 6.3 18 1.7 38 167 nd 3620 1.5 

BAL-77 4 30 34 34 nd nd 1.3 0.9 3 28 38 2550 1.0 14 2.1 11 100 nd 2080 0.9 

BAL-78 4 10 21 nd nd nd 1.0 0.3 6 31 48 1180 0.8 17 2.2 20 48 1 1880 1.3 

BAL-79 3 11 30 47 nd nd 1.9 1.3 3 nd 55 6620 2.4 10 1.3 34 150 nd 3570 3.5 

 
 
Örn  No Th U W Zr Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

BAL-74 55.5 5.2 nd 318 15 51.1 86.2 9.00 28.1 4.2 1.15 3.0 0.4 1.9 0.4 1.1 0.16 1.1 0.17 

BAL-75 16.5 5.9 nd 345 12 19.9 45.4 5.33 18.2 3.1 0.71 2.4 0.3 1.7 0.3 1.1 0.18 1.2 0.21 

BAL-76 36.0 4.7 2 134 42 68.2 132.0 15.1 55.3 10.5 3.18 9.3 1.3 6.3 1.2 3.7 0.57 3.8 0.53 

BAL-77 5.7 1.8 nd 123 7 18.9 41.3 5.27 19.0 3.2 0.97 2.2 0.3 1.2 0.2 0.6 0.08 0.5 0.08 

BAL-78 14.1 4.7 nd 124 10 27.9 58.6 6.89 24.3 3.9 1.22 2.8 0.3 1.6 0.3 0.8 0.11 0.7 0.10 

BAL-79 8.9 1.8 4 64 13 76.0 144.0 16.0 54.2 7.3 1.79 4.7 0.5 2.3 0.4 0.9 0.12 0.7 0.08 
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Çizelge 3.2.�.|VHGD÷�%DWROLWL¶�QH�DLW�HVHU��SSP��SSE��YH�QDGLU�WRSUDN�HOHPHQW��5((��SSP��DQDOL]�VRQXoODUÕ� 

 
 

.g6('$ö�%$72/ø7ø�(6(5�YH�1$'ø5�7235$.�(/(0(17�ød(5ø./(5ø 
  

Örn  No Mo Cu Pb Zn As Sb Bi Tl Co Cr V Ba Cs Ga Hf Nb Rb Sn Sr Ta 

BAL-85 6 18 26 nd 9 1.0 0.8 0.6 2 nd 15 110 8.0 16 6.5 17 297 2 72 1.2 

BAL-86 7 27 23 47 15 1.6 nd 0.5 7 nd 69 908 11.4 16 6.0 17 197 2 495 1.3 

BAL-87 7 15 26 39 18 2.7 0.8 0.8 2 nd 13 87 16.1 17 13.4 32 362 4 66 2.3 

BAL-88 6 43 31 71 32 2.8 1.6 0.6 4 nd 37 444 18.5 15 8.3 22 248 3 247 1.9 

BAL-89 3 36 15 nd 11 1.7 0.4 0.6 5 nd 38 347 4.3 9 4.6 11 124 1 230 0.8 

BAL-90 5 70 26 31 11 2.0 0.6 0.8 6 nd 61 583 9.5 16 6.5 19 200 2 395 1.3 

BAL-91 7 49 37 49 17 2.4 1.2 1.1 7 199 63 660 7.1 17 7.7 25 239 2 371 1.7 

BAL-92 6 70 29 53 9 2.4 0.7 0.5 8 nd 82 678 7.3 16 10.1 16 214 2 455 1.0 

BAL-93 5 61 33 45 17 1.6 1.2 0.6 7 nd 82 743 6.8 17 5.1 16 214 2 502 1.0 

BAL-94 4 71 32 62 23 3.3 1.7 0.4 9 nd 103 725 5.2 18 5.6 18 207 3 515 1.1 

BAL-95 8 61 27 48 nd 1.1 0.7 0.4 8 26 96 621 6.6 17 3.1 12 179 2 446 0.8 

BAL-96 7 22 34 63 15 2.2 0.7 0.7 3 nd 26 124 16.0 18 4.0 26 309 4 84 2.0 

BAL-97 7 20 24 58 nd 0.5 nd 0.4 4 nd 80 774 4.6 16 2.2 11 212 2 307 0.7 

BAL-98 6 107 18 72 nd 0.9 1.0 0.2 12 nd 128 775 2.9 16 3.5 10 131 1 560 0.6 

BAL-99 6 35 26 39 5 0.5 0.8 0.4 5 21 66 837 4.4 17 5.6 8 179 1 540 0.4 
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Çizelge 3.2. devam ediyor 
 

.g6('$ö�%$72/ø7ø�(6(5�YH�1$'ø5�7235$.�(/(0(17�ød(5ø./(5ø 
 
Örn  No Th U W Zr Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

BAL-85 17.9 4.8 3 248 23 36.2 66.3 7.37 24.7 4.7 0.59 4.1 0.7 3.7 0.8 2.7 0.44 2.9 0.48 

BAL-86 24.8 10.5 4 200 25 34.6 66.5 7.76 27.4 5.6 1.31 5.0 0.8 4.4 0.9 2.9 0.46 3.1 0.50 

BAL-87 36.8 11.6 3 494 30 42.1 84.6 9.04 29.2 5.6 0.50 4.7 0.8 4.7 1.0 3.6 0.61 4.3 0.72 

BAL-88 29.6 12.8 5 269 25 32.0 65.0 7.14 24.4 4.8 0.83 4.1 0.8 4.2 0.9 3.1 0.50 3.6 0.59 

BAL-89 13.8 3.3 2 151 14 20.7 37.5 4.40 15.5 3.0 0.66 2.7 0.4 2.4 0.5 1.6 0.25 1.7 0.27 

BAL-90 22.8 8.0 3 217 24 37.1 69.9 7.94 27.5 5.2 1.05 4.5 0.8 4.0 0.8 2.7 0.43 2.9 0.46 

BAL-91 24.1 7.9 5 266 27 40.2 76.5 8.74 30.4 5.9 1.13 5.1 0.8 4.5 0.9 3.1 0.49 3.3 0.54 

BAL-92 16.3 5.1 3 391 25 30.8 57.4 6.81 24.5 4.8 1.24 4.4 0.7 4.0 0.9 2.7 0.43 2.9 0.49 

BAL-93 14.7 3.7 3 178 20 29.7 55.4 6.47 23.4 4.5 1.30 4.2 0.7 3.6 0.7 2.3 0.37 2.4 0.38 

BAL-94 18.3 7.0 3 207 26 33.9 63.9 7.75 27.9 5.6 1.31 5.1 0.8 4.2 0.9 2.8 0.43 2.8 0.44 

BAL-95 8.6 3.5 3 103 20 30.0 55.7 6.55 24.1 4.9 1.36 4.2 0.7 3.5 0.7 2.3 0.34 2.2 0.36 

BAL-96 24.2 8.8 3 96 32 38.5 74.9 8.79 30.3 5.9 0.74 5.3 0.9 5.2 1.1 3.7 0.63 4.2 0.64 

BAL-97 9.6 2.9 2 66 14 17.2 31.3 3.60 13.2 2.8 1.34 2.5 0.4 2.3 0.5 1.5 0.24 1.6 0.25 

BAL-98 6.9 2.5 1 121 21 27.9 53.4 6.62 25.3 5.2 1.52 4.6 0.7 3.7 0.8 2.3 0.35 2.2 0.35 

BAL-99 5.3 2.1 2 232 17 23.8 42.8 5.10 18.7 3.8 1.32 3.3 0.5 2.9 0.6 1.9 0.28 1.9 0.29 
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ùHNLO� ������ .DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶� QLQ� (a) Kimyasal isimlendirme 

�'HERQ� YH� /H� )RUW�� ������ GL\DJUDPÕQGDNL� NRQXPODUÕ�� (b) Le Maitre (1989) 

GL\DJUDPÕQGDNL�GD÷ÕOÕPODUÕ� (c) 6KDQG¶V��������LQGHNVLQH�J|UH�GD÷ÕOÕPODUÕ�YH (d) 

Toplam alkaliler-VLOLV��7$6��GL\DJUDPÕQGDNL��,UYLQH�YH�%DUDJDU��������NRQXPODUÕ�
(subalkali-alkali a\UÕP� oL]JLVL� 5LFNZRRG�� ����¶� GDQ� DOÕQPÕúWÕU��� .DUDoD\ÕU�
6L\HQLWL�YH�.|VHGD÷�%DWROLWL�YHULOHUL��VÕUDVÕ\OD�%R]WX÷�YH�GL÷���������YH�%R]WX÷�
������¶GHQ�DOÕQPÕúWÕU 
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ùHNLO�������.DUDoD\ÕU�6L\HQLWL�YH�.|VHGD÷�%DWROLWL¶�QH�DLW�|UQHNOHULQ�(a) Ce/Pb – Ce; (b) 

Sm/Yb – Ce/Sm; (c) Nb/Th – Nb; (d) Th/Yb – Nb/Yb (Pearce, 1982; Pearce ve 

GL÷���������GH÷LúLP�GL\DJUDPODUÕQGDNL���NRQXPODUÕ���D��YH��F��GHNL�SULPLWLI�PDQWR�
+RIPDQQ��������GHQ��226%��2$%��\D\�YRONDQLNOHUL�YH�NÕWDVDO�NDEXN�GH÷HUOHUL�
ise Schmidberger ve Hegner (������ GDQ� DOÕQPÕúWÕU�� �E�� GHNL� 226%� YH� 2$%�
+DUPV�YH�GL÷���������GHQ�DOÕQPÕúWÕU���G��GHNL�PDQWR�GL]LOLPL�0LVFRYLF�YH�)UDQFLV�
�������GHQ�DOÕQPÕúWÕU 
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ùHNLO�������.DUDoD\ÕU�6L\HQLWL�YH�.|VHGD÷�%DWROLWL¶�QH�DLW�|UQHNOHULQ�(a) Rb/Y – Nb/Y; (b) 

Th/Y – Nb/Y (Miscovic ve Francis, 2005);  (c) Th/Yb – Ta/Yb; (d) La/Nb – Ti 

�SSP��GH÷LúLP�GL\DJUDPODUÕQGDNL��3HDUFH��������3HDUFH�YH�GL÷���������NRQXPODUÕ��
(a) daki dalma-EDWPD� ]RQX� ]HQJLQOHúPHVL� YH� NDEXNVDO� NLUOHQPH�� OHYKD� LoL�
]HQJLQOHúPH�YHNW|UOHUL�3HDUFH�YH�GL÷�������� dan; alt kabuk, üst kabuk ve toplam 

NDEXN�ELOHúLPOHUL�LVH�7D\ORU�YH�0F/HQQDQ��������GHQ�DOÕQPÕúWÕU���E��GHNL�GDOPD-

EDWPD� HUL\LNOHUL� YH� PHWDVRPDWL]PDVÕ� E|OJHOHUL� 6FKLDQR� YH� GL÷�� ������� YH�
<RJRG]LQVNL� YH� GL÷�� ������� GHQ�� 025%� YH� 2,%� ELOHúLPOHUL� LVH� 6XQ� YH�
MF'RQRXJK� ������� GDQ� DOÕQPÕúWÕU�� �F�� GHNL� GDOPD-batma zonu ve fraksiyonel 

NULVWDOOHQPH�YHNW|UOHUL��VÕUDVÕ\OD��GDOPD-EDWPD�]RQX�YH�IUDNVL\RQHO�NULVWDOOHúPH\L�
WDQÕPODU��3HDUFH�YH�GL÷�����������G��GHNL�226%��2$%�YH�h..���VW�NÕWDVDO�NDEXN��
GH÷HUOHUL�7D\ORU�YH�0F/HQQDQ��������GHQ�DOÕQPÕúWÕU 
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.DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶� QH� DLW� |UQHNOHULQ� ELUOLNWH�
LQFHOHQGL÷L� HVHU� HOHPHQW� GL\DJUDPODUÕQGDQ� &H�3E� –� &H� GH÷LúLP� GL\DJUDPÕQGD�
�3HDUFH�� ������ 3HDUFH� YH� GL÷��� ������ |UQHNOHU� oR÷XQOXNOD� DQODPVÕ]� E|OJHOHUH�
G�úPHNOH� ELUOLNWH� ED]Õ� |UQHNOHU� �oR÷XQOXNOD� .|VHGD÷� %DWROLWL� |UQHNOHUL�� \D\�
YRONDQLNOHUL�|]HOOL÷L�J|VWHUPHNWHGLU��ùHNLO�����D��� 

Sm/Yb –� &H�6P� GH÷LúLP� GL\DJUDPÕQGD� �3HDUFH�� ������ 3HDUFH� YH� GL÷���
������ GH÷HUOHQGLULOHQ� .DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶� QH� DLW� örnekler 

]HQJLQOHúPLú� PDQWR\X� NDUDNWHUL]H� HGHQ� RN\DQXV� DGDVÕ� ED]DOWODUÕQD� �2$%��
EHQ]HUOLNOHUL�LOH�GLNNDW�oHNPHNWHGLUOHU��ùHNLO������E��� 

Nb/Th –�1E�GL\DJUDPÕQGD��3HDUFH��������3HDUFH�YH�GL÷���������.DUDoD\ÕU�
6L\HQLWL� YH� .|VHGD÷� %DWROLWL� |UQHNOHUL� oR÷XQOXNOD� DQODPVÕ]� E|OJHGH� GD÷ÕOÕP�
J|VWHUPHNOH� ELUOLNWH� ELU� NÕVÕP� |UQHNOHU� \D\� YRONDQLNOHUL� E|OJHVLQGH�
NRQXPODQPDNWDGÕU��ùHNLO������F��� 

Th/Yb –� 1E�<E� �3HDUFH�� ������ 3HDUFH� YH� GL÷��� ������ GH÷LúLP�
GL\DJUDPÕQGDNL� NRQXPODUÕQD� EDNÕOGÕ÷ÕQGD� LVH� .DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷�
%DWROLWL� |UQHNOHUL� GDKD� oRN� ]HQJLQOHúPLú� PDQWR\D� EHQ]HU� ELU� GD÷ÕOÕP�
VHUJLOHPHNWHGLUOHU��ùHNLO������G���%X�GL\DJUDPGD�D\UÕFD�.DUDoD\ÕU�6L\HQLWL¶�QH�DLW�
|UQHNOHUGH�.|VHGD÷�%DWROLWL�|UQHNOHULQH�J|UH�GDKD�\�NVHN�7K�YH�1E�LoHUL÷L�J|]H�
oDUSPDNWDGÕU�� 

KaraçD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶� QH� DLW� |UQHNOHU� 5E�<� – Nb/Y 

�0LVFRYLF� YH� )UDQFLV�� ������ GH÷LúLP� GL\DJUDPÕQGD� LQFHOHGL÷LQGH�� |]HOOLNOH�
.|VHGD÷�%DWROLWL�|UQHNOHULQLQ�WDPDPÕ�YH�.DUDoD\ÕU�6L\HQLWL�|UQHNOHULQLQ�ELU�NÕVPÕ�
dalma-EDWPD� ]RQX� ]HQJLQOHúPHVL� YH\D� NDEXNVDO� NLUOHQPH� \|Q�QGH� ELU� GD÷ÕOÕP�
VHUJLOHPHNWHGLU��ùHNLO�����D��� 

Th/Y –� 1E�<� �0LVFRYLF� YH� )UDQFLV�� ������ GL\DJUDPÕQGD� .DUDoD\ÕU�
6L\HQLWL�YH�.|VHGD÷�%DWROLWL�|UQHNOHULQLQ�E�\�N�ELU�NÕVPÕ�7K�1E ���RODQ�E|OJHGH�
\HU� DOPDNWDGÕU�� %X� VRQXo� |UQHNOHUGH� EHOLUJLQ� ELU� 7K� ]HQJLQOHúPHVLQL� LúDUHW�
HWPHNWHGLU��ùHNLO������E��� 

7K� ]HQJLQOHúPHVL� 7K�<E� –� 7D�<E� �3HDUFH�� ������ 3HDUFH� YH� GL÷��� ������
GL\DJUDPÕQGD� GD� NHQGLQL� J|VWHUPHNOH� ELUOLNWH� |UQHNOHULQ� E�\�N� ELU� NÕVPÕ�
PHWDVRPDWL]PD\D� X÷UDPÕú� ]HQJLQOHúPLú� PDQWR� ND\QD÷Õ� VHUJLOemekle birlikte 
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.|VHGD÷�%DWROLWL�ND\Do�|UQHNOHULQGH� IUDNVL\RQHO�NULVWDOOHQPH�HWNLVL�J|VWHUHQ�ELU�
\|QHOLP�J|]OHQPHNWHGLU��ùHNLO������F��� 

'L\DJUDPODUGD� J|]H� oDUSDQ� PDQWR� PHWDVRPDWL]PDVÕQÕQ� /D�1E� – Ti 

�3HDUFH��������3HDUFH�YH�GL÷���������GH÷LúLP�GL\DJUDPÕQGD tamamen dalma-batma 

]RQX�PHWDVRPDWL]PDVÕ�LOH�PH\GDQD�JHOGL÷L�J|U�OPHNWHGLU��ùHNLO������G��� 
.DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶QH� DLW� ND\Do� |UQHNOHUL� VÕUDVÕ\OD�

'HIDQW�YH�'UXPPRQG��������YH�0DUWLQ�������� WDUDIÕQGDQ�RUWD\D�NRQDQ�DGDNLWLN�
kayaçlarla normDO� \D\� ND\DoODUÕQÕQ� D\ÕUW� HGLOPHVLQGH� NXOODQÕODQ� 6U�<� – Y ve 

(La/Yb)CN – (Yb)CN�GL\DJUDPODUÕQGD�LQFHOHQPLúWLU��ùHNLO�����D��E��� 
dDOÕúPD� DODQÕ� ND\DoODUÕQGD� J|]OHQHQ� GDOPD-batma zonu bölgeleri ve 

GH÷LúLN� \D\� PDJPDWL]PDVÕ� NDUDNWHULVWL÷L� DGDNLWLN� ND\DoODUOD� Qormal yay 

ND\DoODUÕQÕQ�D\ÕUW�HGLOPHVLQGH�NXOODQÕODQ�6U�<�– Y  (Defant ve Drummond, 1990) 

ve (La/Yb)CN – (Yb)CN� GL\DJUDPODUÕQGDNL� �0DUWLQ�� ������ NRQXPODUÕ�
LQFHOHQGL÷LQGH�.DUDoD\ÕU� 6L\HQLWL¶QH� DLW� ND\Do� |UQHNOHULQL� �%$/-76 hariç) tipik 

RODUDN� DGDNLW� ELOHúLPL� J|VWHUPHVLQH� NDUúÕQ� .|VHGD÷� %DWROLWL¶QH� DLW� |UQHNOHU� LVH�
QRUPDO�\D\�NDUDNWHULVWL÷L�VHUJLOHPHNWHGLU��ùHNLO�����D��E��� 

'L÷HU� WDUDIWDQ� -DKQ� YH� GL÷�� ������� WDUDIÕQGDQ� |QHULOHQ� %D�1E� – La/Nb 

GL\DJUDPÕQGD� LVH� .|VHGD÷� %DWROLWL� ND\Do� |UQHNOHUL� DOW� NDEXN� �JUDQ�OLt), yay, 

RUWDODPD�NÕWDVDO�NDEXN�RN\DQXV�RUWDVÕ� VÕUWÕ� ED]DOWÕ� �226%��JLEL�ROGXNoD�GH÷LúLN�
N|NHQOHU� VHUJLOHUNHQ� .DUDoD\ÕU� 6L\HQLWL¶QH� DLW� |UQHNOHU� LVH� \D\� YRONDQLNOHULQH�
EHQ]HU�ELU�N|NHQ�VHUJLOHPHNWHGLU��ùHNLO�����F�� 
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ùHNLO� ������ .DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶� QH� DLW� |UQHNOHULQ� (a) (La/Yb)CN – 

(Yb)CN (Martin, 1999); (b) Sr/Y – Y (Defant ve Drummond, 1990) ve (c) Ba/Nb 

–�/D�1E� �-DKQ�YH�GL÷��������NRQXPODUÕ�� �D�� �/D�<E�CN – (Yb)CN normalizasyon 

GH÷HUOHUL�6XQ�YH�0F'RQRXJK��������GDQ�DOÕQPÕúWÕU��F��GHNL�%D�1E�– La/Nb (Jahn 

YH�GL÷���������GL\DJUDPÕQGDNL�SULPLWLI�PDQWR�6XQ�YH�0F'RQRXJK���������NÕWDVDO�
NDEXN�RUWDODPDVÕ�7D\ORU�YH�0F/HQQDQ����������&RQGLH���������NODVWLN�VHGLPHQW�
RUWDODPDVÕ� &RQGLH� �������� 226%�� 2$%� YH� 'XSDO-2$%� ELOHúLPOHUL� /H� 5RX[ 

�������GDQ�DOÕQPÕúWÕU 
 

0DUWLQ� YH� GL÷�� ������� WDUDIÕQGDQ� EHOLUWLOHQOHUH� J|UH� DGDNLWLN� ND\DoODUÕQ�
JHQHO� |]HOOLNOHULQH� EDNÕOGÕ÷ÕQGD�� EX� WLS� ND\DoODU� JHQHOOLNOH� RUWDo� ELOHúLPOL�
hornblend-DQGH]LWWHQ��GDVLW�YH�UL\ROLWH�NDGDU�VÕUDODQDQ�ELOHúLP�DODQÕQD�VDKLS�ROXS, 
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ED]DOWLN� �\HOHUL� HNVLN� RODQ� IHOVLN� ND\Do� JUXSODUÕQGD� J|]OHQLU� (Defant ve 

'UXPPRQG��������0DXU\�YH�GL÷���������0DUWLQ������).  

$OHXWLDQV� YH� 0HNVLND¶� GDQ� DOÕQDQ� YH� HVDV� RODUDN� ]RQOX� SODML\RNOD]��
hornblend ve biyotit kristalleri ile ortopiroksen ve klinopiroksen fenokristalleri, 

aksesuar mineral olarak apatit, zirkon, titanit ve titanomanyetit içeren, mafik 

DQGH]LW�ODYODUÕ��]HULQGH�\DSÕODQ�oDOÕúPDODU�\DSÕOPÕúWÕU��.D\��������5RJHUV�YH�GL÷���
������&DOPXV�YH�GL÷�������). 

$GDNLWLN�ND\DoODUÕQ�ELOHúLPOHULQGH��6L22�LoHUL÷L�!�����ZW��YH�1D22�LoHUL÷L�
(3.5 %wt�� 1D2O����� �ZW�� \�NVHN� YH� .2O/Na22� RUDQÕQÕQ� �a������ G�ú�N���
tFe2O3+MgO+MnO+TiO2 içerikleri genelde yüksek (~7 %wt), yüksek Mg # (~ 

������YH�\�NVHN�1L�YH�&U�LoHULNOHULQH��VÕUDVÕ\OD����YH����SSP��VDKLSWLU�� 
Defant vH�'UXPPRQG��������DGDNLWLN�ND\DoODUÕQ�6U�LoHUL÷LQLQ�WLSLN�RODUDN�

\�NVHN� ����� SSP�� YH� ED]HQ� DúÕUÕ� \R÷XQOXNODUD� ������ SSP�� XODúWÕ÷ÕQÕ� LIDGH�
HWPLúOHUGLU�� %�\�N� L\RQ� oDSOÕ� OLWRILO� HOHPHQWOHU� �/,/(�� /DUJH� ,RQ� /LWKRSKLOH�
(OHPHQWV��5E��6U��&V��%D��EDNÕPÕQGDQ�]HQJLQ��1D�YH�.¶�FD�ED÷ÕO�RODUDN�]HQJLQ�
RODQ�DGDNLWOHU�NDOÕFÕOÕ÷Õ�\�NVHN�HOHPHQWOHU��+)6(��+LJK�)LHOG�6WUHQJWK�(OHPHQWV��
1E��<��=U��7D��+I��EDNÕPÕQGDQ�LVH�ROGXNoD�IDNLUGLU��1DGLU�WRSUDN�HOHPHQW��5((��
GD÷ÕOÕPODUÕ� WLSLN� RODUDN� G�ú�NW�U� YH� D÷ÕU� QDGLU� WRSUDN� HOHPHntleri (HREE) 

((La/Yb)N>10) ve Yb�����SSP��<����SSP���J�oO��ELU�úHNLOGH�IUDNVL\RQODQÕUODU� 
1DGLU� WRSUDN� HOHPHQW� LoHULNOHULQLQ� G�ú�N� ROXúX� LNL� úHNLOGH� DoÕNODQDELOLU��

%XQODUGDQ� ELULQFLVL� EX� ND\DoODUÕ� ROXúWXUDQ� ND\QDN� ND\DFÕQ� QDGLU� WRSUDN�
HOHPHQWOHUL� EDNÕPÕQGDQ� IDNLU� ROPDVÕ�� LNLQFLVL� LVH�� EX� ND\DoODUÕ� ROXúWXUDQ� N|NHQ�
ND\DoWD� QDGLU� WRSUDN� HOHPHQWOHULQL� E�Q\HVLQGH� WXWDELOHQ�PLQHUDOOHU� YDUGÕU�� IDNDW�
HULPH� VRQXFX� PDJPD\D� NDWÕOPDPÕú� RODELOLUOHU�� gUQH÷LQ�� PDQWRGD� JUDQDWOÕ�
SHULGRWLWOHULQ�G�ú�N�GHUHFHOL�NÕVPL� HUJLPHVL� VRQXFX�JUDQLW�PDJPDVÕ�ROXúPXúWXU��
$QD� ND\DoWDNL� QDGLU� WRSUDN� HOHPHQWOHUL� JUDQDWÕQ� E�Q\HVLQGH� NDOPÕú� YH� JUDQLW�
PDJPDVÕQGDQ� LWLEDUHQ� ROXúDQ� JUDQLWLN� ND\DoODU� QDGLU� WRSUDN� HOHPHQWOHUL�
EDNÕPÕQGDQ�IDNLU�NDOPÕúWÕU� 

$GDNLWLN� ND\DoODUÕQ� QDGLU� WRSUDN� HOHPHQW� LoHULNOHUL� G�ú�NNHQ�SODML\RNOD]�
mineralojisi ile denetlenen jeokimyasal karakteristikleri zengindir. Plajiyoklazlar 

anortit (CaAlSi3O8)-albit (NaAl2Si3O8�� ROPDN� �]HUH� LNL� Xo� �\H\H� D\UÕOÕU��
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3ODML\RNOD]ODUÕQ�ELOHúLPLQGHNL�1D�YH�$O�JLEL�HOHPHQWOHU�HVHU�HOHPHQW�EDNÕPÕQGDQ�
|QHP�WDúÕPDPDNWDGÕU��$QFDN�&D�HOHPHQWLQH�HúOLN�HGHQ�HVHU�HOHPHQWOHULQ�YDUOÕ÷Õ�
(Sr, Ba, +5E�HOHPHQWOHUL��DGDNLWLN�ND\DoODUÕQ�E�Q\HVLQGH�EXOXQDQ�&D�HOHPHQWLQLQ�
|QHPOL� NÕOPDNWDGÕU�� gUQH÷LQ�� DOW� NDEXNWDQ� W�UH\HQ� JUDQ�OLWOHUGH� VÕUDVÕ\OD�
ortopiroksen, klinopiroksen, granat, plajiyoklaz, biyotit ve amfibol mineralleri 

EXOXQPDNWDGÕU�� %X� ND\DoODUÕQ� NÕVPL� HUJLPHVL� VRQXFX� &D� HOHPHQWL� EDNÕPÕQGDQ�
DQRUWLW� W�U�� SODML\RNOD]ODUÕQ� HULGL÷L� G�ú�Q�O�UVH�� &D� HOHPHQWLQH� HúOLN� HGHQ� 6U�
HOHPHQWL�EDNÕPÕQGDQ�GD�]HQJLQ�ELU�ND\Do�RUWD\D�oÕNDFDNWÕU��� 

$GDNLWOHULQ�NLP\DVDO�NDUDNWHULVWLNOHUL�\D\JÕQ�RODUDN��/D�<EN) ile YbN (N: 

NRQGULWH�J|UH�QRUPDOL]H�HGLOPLúWLU��GL\DJUDPÕ��0DUWLQ��������������YH�6U�<�LOH�<��
�'HIDQW�YH�'UXPPRQG��������GL\DJUDPODUÕ��]HULQGH�J|VWHULOLU�� 

Adakitler >340 DQDOL]L� LoHUHQ� ELU� YHUL� WDEDQÕ� NXOODQÕODUDN� \XNDUÕGD�
EDKVHGLOHQ� |Oo�WOHU� J|]� |Q�QH� DOÕQDUDN� VÕQÕIODQGÕUÕOPÕúWÕU�� 0DUWLQ� YH� 0R\HQ�
�������DGDNLWOHUL�VLOLND�LoHULNOHULQH�ED÷OÕ�RODUDN�³\�NVHN-SiO2  (HSA; SiO2>60 wt 

%) adakitler” ve “G�ú�N-SiO2  (LSA; SiO2<60 wW����DGDNLWOHU´�úHNOLQGH�LNL�DQD�
JUXSWD�WRSODQGÕ÷ÕQÕ�J|VWHUPLúOHUGLU�� 

Yüksek-SiO2 adakitleri Andes Austral Volkanik Zonu’ ndaki Cook 

9RONDQÕ� GÕúÕQGD� W�P� YRONDQLN� ND\DoODUÕ� NDSVDPDNWDGÕU� (Stern ve Kilian, 1996). 

Yüksek-SiO2 adakitleri El Valle ve La YeguadD�YRONDQODUÕQÕ��3DQDPD��'HIDQW�YH�
GL÷��� ������ �������0W��6W��+HOHQV� �$%'��6PLWK� YH�/HHPDQ�� �������.DOLPDQWDQ�
�%RUQHR�� 3URXWHDX� YH� GL÷��� ������� /H\WH�� 0LQGDQDR� YH� =DPERDQJD� �)LOLSLQOHU��
6DMRQD�YH�GL÷����������������0H]FOD��0HNVLND��*RQ]DOH]-3DUWLGD�YH�GL÷�� 2003), 

Nevado Cayambe, Pinchincha, Antisana, ve Fuya-Fuya (Ekvador; Bourdon ve 

GL÷��� ������ 6DPDQLHJR� YH� GL÷��� ������ YH� 6DPEH� YH� 'DLVHQ� �-DSRQ\D�� 0RUULV��
1995). 

'�ú�N-SiO2 adakitleri ya yüksek Mg-andezit yada adakit ile lgili olan 

GH÷LúLN� ND\DoODUÕ� LoHULU�� %XQODU� $XVWUDO� 9RONDQLN� =RQXQ¶� QGDNL� &RRN� 9RONDQÕ¶�
nda �6WHUQ�YH�.LOLDQ���������%DMD�.DOLIRUQL\D¶�GDNL�YRONDQODUGD��5RJHUV�YH�GL÷���
������ &DOPXV� YH� GL÷��� ������� $GDN� YH� .RUPDQGRVN\� �$OHXWLDQV�� .D\�� ������
<RJRG]LQVNL�YH�GL÷����������(O�%DUX��3DQDPD��'HIDQW�YH�GL÷����������=DPERDQJD�
�)LOLSLQOHU�� 6DMRQD� YH� GL÷��� ������� &RQR� GH� OD� 9LUJHQ� �(NYDGRU�� 6DPDQLHJR� YH�
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GL÷��� ����� EDVNÕGD�� YH� &HUUR� 3DPSD� �$UMDQWLQ�� 0DKOEXUJ� .D\� YH� GL÷��� �����¶�
EXOXQPXúWXU��%X�DGDNLWOHU�SLURNVHQ�PLQHUDOOHUL�LoHUPHVL�EDNÕPÕQGDQ�\�NVHN�VLOika 

DGDNLWOHULQGHQ� IDUNOÕGÕU�� <�NVHN� VLOLND� DGDNLWOHUL�� G�ú�N� VLOLND� DGDNLWOHUL�
“(MgO=4–9 wt %; CaO+Na22�!���ZW����6U�!�����SSP�´�LOH�NDUúÕODúWÕUÕOGÕ÷ÕQGD�
\�NVHN�VLOLND�LoHULNOHULQLQ�\DQÕ�VÕUD�GDKD�G�ú�N�RODQ�0J2������LOH���ZW�����&D2��
Na2O (<11 wt %) ve SU� ������� SSP�� LoHUL÷LQH� VDKLSWLU�� .D\Do�øONVHO� PDQWR�
QRUPDOL]H�GL\DJUDPODUÕQGD�NDUúÕODúWÕUÕODQ�\�NVHN�YH�G�ú�N�VLOLND�DGDNLWOHULQLQ�EX�
GL\DJUDPGD�VHUJLOHGL÷L�GD÷ÕOÕPODUD�EDNÕOÕUVD� 

(1) G�ú�N� VLOLND� DGDNLWOHUL� \�NVHN� VLOLND� DGDNLWOHULQH� J|UH� GDKD� \�NVHN�
hafif nadir toprak elment (LREE) içeriklerine sahiptir, 

(2) G�ú�N� VLOLND� DGDNLWOHUL� |QHPOL� SR]LWLI� 6U� DQRPDOLVL� VXQDUNHQ� \�NVHN�
VLOLND�DGDNLWOHULQGH�EX�DQRPDOL�\D�oRN�]D\ÕI�\DGD�KLo�\RNWXU� 

(3) G�ú�N�VLOLND�DGDNLWOHU�J|UHFHOL�RODUDN�5E�HOHPHQWL�EDNÕPÕQGDQ�IDNLUGLU��
Had sDIKDGDNL� 6U� NRQVDQWUDV\RQODUÕQÕQ� \DOQÕ]FD� G�ú�N� VLOLND� DGDNLW�
JUXSODUÕQGD� EXOXQGX÷X� GLNNDWH� DOÕQPDOÕGÕU�� 6U�<¶� D� NDUúÕ� <�
GL\DJUDPÕQGD� LNL� JUXSWD� SDUDOHO� \|QHOLPOHU� VXQPDNOD� ELUOLNWH� G�ú�N�
silika adakitleri verilen bir Y kosantrasyonu için daha yüksek bir Sr/Y 

RUDQÕQD�VDKLSWLU�� 
'L÷HU� |QHPOL� IDUNOÕOÕNODU� LVH� &U�1L¶� H� NDUúÕ� 7L22� GL\DJUDPÕQGD� ROGX÷X�

NDGDU�.�5E�YH�RUDQÕ�YH�1E�NRQVDQWUDV\RQXQGD�J|U�OPHNWHGLU�� 
$GDNLWOHU� LoLQ� 0DUWLQ� YH� GL÷�� ������� WDUDIÕQGDQ� \DSÕODQ� oDOÕúPDODUGD�

adakitlerin Sr konsantrasyonu, Nb konsantrasyonu, Ti konsantrasyonu, Cr/Ni 

RUDQÕ��.�5E�NRQVDQWUDV\RQX�KDNNÕQGD�GHWD\OÕ�ELOJLOHU�YHULOPLú�ROXS�EXQODU�NÕVDFD�
DúD÷ÕGD�|]HWOHQPHNWHGLU��� 

6U�NRQVDQWUDV\RQODUÕ 
<�NVHN� 6U� YH� G�ú�N� <� NRQVDQWUDV\RQODUÕ� YH� EXQODUOD� X\XP� J|VWHUHQ�

\�NVHN�6U�<�RUDQODUÕ�JHQHOOLNOH�\�NVHN�EDVÕQo��OLWRVIHULN�HUL\LN�N|NHQLQL�\DQVÕWDQ�
DGDNLWLQ� NDUDNWHULVWLNOHUL� RODUDN� WDQÕPODQÕU� �'HIDQW� YH� 'UXPPRQG�� ������
Drummond ve Defant, 1990). Eriyikteki Sr konsantrasyonu esas olarak bazaltik 

ND\QDNWDNL�6U�NRQVDQWUDV\RQXQD�ED÷OÕGÕU��hVWHOLN�ED]Õ�ED]DOWLN�ND\QDNODUÕQ�HULPH�
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V�UHFLQGH� HUL\LNWHNL� 6U� ]HQJLQOHúPHVLQLQ� GHUHFHVL� oR÷XQOXNOD� NDOÕQWÕ� SODML\RNOD]�
WDUDIÕQGDQ�NRQWURO�HGLOLU��.GSr =0.35 ile 1.5; Rollinson, 1993).  

%XQXQOD�ELUOLNWH�5ROOLQVRQ��������WDUDIÕQGDQ�YHULOHQ�D\UÕPODQPD�NDWVD\ÕVÕ 
�SDUWLWLRQ� FRHIILFLHQWV�� NXOODQÕODUDN� \DSÕODQ� EDVLW� KHVDSODPDODU� ���� LOH� ����SSP�
LoHUHQ� WLSLN� ED]DOW� ELOHúLPLQ����� LOH� ���� DUDVÕ� NÕVPL� HUJLPHVL� VRQXFX� D\UÕODQ�
SODML\RNOD]�LoHUPH\HQ�NDOÕQWÕ�PDJPDODUGDQ�LWLEDUHQ�����SSP¶�GHQ�GDKD�ID]OD�6U�
konsantrasyonun me\GDQD� JHOHPH\HFH÷LQL� J|VWHUPHNWHGLU�� %X� \�NVHN� VLOLND�
DGDNLWOHUL� LoLQ� KHVDSODQDELOLU� IDNDW� G�ú�N� VLOLND� DGDNLWOHUL� LoLQ� KHVDSODQDPD]��
%XQXQOD� ELUOLNWH� ED]Õ� KHVDSODPDODUGD� ��� SSP�6U� LOH� ELU� SHULGRWLWLQ���� LOH�����
HULGL÷L�YH�EXQD�HN�RODUDN����¶�VLQLQ�����SSP�6U�LOH�OLWRVIHULN�HUL\LNWHQ�NLUOHQGL÷L�
YDUVD\ÕODUDN� ����� LOH� ����� SSP� 6U� LoHUHQ� PDJPDODU� ROXúDELOLU�� 6RQXo� RODUDN��
DGDNLWOHULQ�WLSLN�|]HOOL÷L�RODUDN�GLNNDWH�DOÕQDQ�oRN�\�NVHN�6U�LoHUL÷L�PXKWHPHOHQ�
G�ú�N� VLOLND� DGDNLWOHUL� LoLQ� NDUDNWHULVWLNWLU� YH� GDKD� |QFH orojenik granitler için 

|QHULOPLú� ROXS� �7DUQH\� YH� -RQHV�� ������ VDI� OLWRVIHULN� HUL\LNWHQ� ]L\DGH�
PHWDVRPDWL]H�ROPXú�PDQWR�N|NHQL�LOH�GDKD�X\XPOXGXU��� 

1E�NRQVDQWUDV\RQODUÕ 
<�NVHN�VLOLND�DGDNLWOHUL�YH�G�ú�N�VLOLND�DGDNLWOHUL�EHQ]HU�úHNLOGH�G�ú�N�1E�

konsantraV\RQODUÕQD� VDKLSNHQ�� G�ú�N� VLOLND� DGDNLWOHULQLQ� 1E� LoHULNOHUL� ��� SSP¶�
GHQ�GDKD�\�NVHN� DODQODUGD� GD÷ÕOÕP� VHUJLOHPHNWHGLU��+HU� LNL� DGDNLW� JUXEX�PDQWR�
QRUPDOL]H�oRNOX�HOHPHQW�GL\DJUDPÕQGD�.�YH�/D�LOH�NDUúÕODúWÕUÕOGÕNODUÕQGD�QHJDWLI�
Nb ve Ta anomalisi gösterirOHU� �0DXU\� YH� GL÷��� ������ 0DUWLQ�� ������� %X�
GDYUDQÕúODU� NODVLN� RODUDN� ED]DOW� HULPHVL� VÕUDVÕQGD� UXWLO� JLEL� PLQHUDOOHULQ� NDOÕQWÕ�
KDUHNHWOHULQLQ�\DQVÕPDVÕ�RODUDN�\RUXPODQÕU��1E�YH�7D�LoLQ�.GUXWLO�VÕYÕ >20; Green ve 

3HDUVRQ�� ������ )ROH\� YH� GL÷��� ������� hVWHOLN�� UXWLO� IUDNVL\RQODQPDVÕ� J�oO�� ELU�
QHJDWLI� 7L� DQRPDOLVLQH� QHGHQ� ROXU� YH� EX� EXUXP� DGDNLWOHU� LoLQ� V�UHNOL� GH÷LOGLU��
'XUXPPRQG� YH� 'HIDQW� ������� GDKD� oRN� IHOVLN� LOH� RUWDo� VÕYÕODUGD� 1E-Ta 

KdDPILERO�VÕYÕ�~ 4 olan amfibollerin adakitlerdeki negatif Nb-Ta anomalisine neden 

RODELOHFH÷LQL� LOHUL� V�UP�úOHUGLU��'DKD� VRQUDODUÕ� \DSÕODQ� oDOÕúPDODUGD� DPILERO� YH�
VÕYÕ� DUDVÕQGD� 1E-7D� LoLQ� .G��� GH÷HULQLQ� �$GDP� YH� GL÷��� ������ .OHLQ� YH� GL÷���
������EHOLUOHQPLú�ROGX÷X�GLNNDWH�DOÕQPDOÕGÕU��%X�WHRUL�oRN�LOJLQoWLU��o�QNL�DPILERO�
minerDOLQLQ� VRQUDNL� IUDNVL\RQHO� NULVWDOOHQPHGH� ROGX÷X� NDGDU� ED]DOWÕQ� HULPHVL�
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VÕUDVÕQGD�URO�R\QDGÕ÷Õ�PXKWHPHOGLU��'L÷HU�WDUDIWDQ�5DSS�YH�:DWVRQ���������5DSS�
YH� GL÷�� ������� DPILERO�Q� |QHPOL� ELU� URO� R\QDPDVÕQÕQ� JHUHNOL� ROPDGÕ÷ÕQÕ�� o�QNL�
ED]DOWLN� HUL\LNOHUGH� \DSÕODQ� GHQH\OHUGH� UXWLO� NDSDQÕPÕ� LoHUHQ� HNORMLW� NDOÕQWÕVÕQÕQ�
güçlü negatif Nb-Ta anomalileri gösterirken daima negatif bir Ti anomalisi 

J|VWHUPHGL÷LQL�J|]OHPOHQPLúOHUGLU� 
�6RQXo� RODUDN� \�NVHN� VLOLND� DGDNLWOHULQ� 1E� LoHUL÷L� OLWRVIHULN� HULPH� LOH�

X\XPOX� LNHQ�� G�ú�N silika adakitlerinin daha yüksek olan Nb içerikleri ise 

OLWRVIHULN�HULPH�QHGHQL\OH�|QFHGHQ�PHWDVRPDWL]H�ROPXú�SHULGRWLWOHULQ�HULPHVL�LOH�
daha uyumludur. 

7L�NRQVDQWUDV\RQODUÕ 
TiO2� NRQVDQWUDV\RQX� \�NVHN� VLOLND� DGDNLWOHULQGH� ����¶� GDQ� GDKD� G�ú�N�

ROPDVÕQD�NDUúÕQ�G�ú�N�VLOLND�DGDNLWOHULQGH���¶�GHQ�GDKD�\�NVHN�RODELOLU��%D]DOWLN�
HUL\LNOHU��]HULQGH�\DSÕODQ� W�P�GHQH\OHU�UXWLO�YH\D� LOPHQLWLQ�NDOÕQWÕ� ID]GD�ROGX÷X�
J|VWHUPLúWLU� �5DSS� YH� GL÷��� ������ 5DSS� YH� :DWVRQ�� ������� hVWHOLN� \�NVHN� 7L�
NRQVDQWUDV\RQODUÕ� $QG¶� � ODUÕQ Merkez Volkanik Zonu’ ndakine benzer okyanus 

DGDVÕ� PDJPDODUÕ� YH� \D\� PDJPDODUÕQGD� J|U�OG�÷�� JLEL� PDQWR� SHULGRWLWOHULQLQ�
HULPHVL� VRQXFX� PH\GDQD� JHOHQ� �U�QOHUGH� \D\JÕQGÕU� �7KRUSH� YH� GL÷��� ������
Wilson, 1991). 

&U�1L�RUDQÕ 
&U�1L�RUDQÕ�ED]Õ�\�NVHN�VLOLND�DGDNLWOHUL��&U�1L�����LOH������YH�G�ú�N�VLOLND�

DGDNLWOHUL��&U�1L���LOH������EHOLUJLQ�ELU�úHNLOGH�ELUELULQGHQ�D\ÕUÕU��226%¶�QÕQ�&U�1L�
RUDQÕ� ���� YH� ���� DUDVÕQGD� GH÷LúLU�� %D]DOW� HULPHVL� VÕUDVÕQGD� W�P� NDOÕQWÕ� ID]ODU�
KdCr/Ni

PLQHUDO�VÕYÕ!�� �5ROOLQVRQ�� ������ RUDQÕQD� VDKLSWLU�� EX� NÕVPL� HUJLPH� V�UHVLQFH�
PDJPDGDNL� &U�1L� RUDQÕQÕQ� D]DOPDVÕ� LOH� VRQXoODQÕU��VWHOLN� \�NVHN� VLOLND�
DGDNLWOHULQGHNL�&U�1L�RUDQÕ�SR]LWLI�ELU�úHNLOGH�#0J�LOH�NDUúÕODúWÕUÕOÕU��&U�1L�RUDQÕQÕ�
IUDNVL\RQODQPD\D�ED÷OÕ�ELU�SDUDPHWUH�RODUDN�DUWDU�� 

Bazaltik olmD\DQ� ELU� ND\QDNWDQ� W�UH\HQ� G�ú�N� VLOLND� DGDNLWOHUL� G�ú�N�
&U�1L� RUDQÕ� YH� GDU� ELU� GD÷ÕOÕP� J|VWHULU��0DQWR� SHULGRWLWOHULQLQ� &U�1L� RUDQÕ� ����
FLYDUÕQGDGÕU��7D\ORU�YH�0F/HQQDQ��������0F'RQRXJK�YH�6XQ��������YH�EX�RUDQ�
G�ú�N�VLOLND�DGDNLWOHULQLQ�RUWDODPD�GH÷HULGLU��(ULPH�V�UHVLQFH�ELUNDo�NDOÕQWÕ�ID]GD�
KdCr/Ni

PLQHUDO�VÕYÕ� GH÷HUL� �¶� GHQ� E�\�NW�U� �RUWRSLURNVHQ ��� NOLQRSLURNVHQ ���
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JUDQDW ������ HWNLOHUL� HULPH� V�UHVLQFH� HVDV� NDOÕQWÕ� ID]� RODQ� ROLYLQ� WDUDIÕQGDQ�
WDPSRQODQÕU��.GDPILERO�VÕYÕ�~ 0.1; Rollinson, 1993),  bir D eúLWOL÷L�LoHULVLQGH�YH\D��¶�
GHQ� ELUD]� GDKD� E�\�N� GH÷HUGH� VRQXoODQÕU�� %|\OHFH� G�ú�N� VLOLND� DGDNLWOHULQLQ�
&U�1L� RUDQÕ� KHPHQ� KHPHQ� PDQWR� SHULGRWLWOHUL� HUL\LNOHUL� LOH� X\XPOXGXU�� 0DQWR�
SHULGRWLWOHULQLQ� PXKWHPHO� PHWDVRPDWL]PDVÕ� DGDNLWLN� HUL\LNOHUGH� |QHPOL�
GH÷LúLNOLNOHU� \DSÕOPDPDOÕGÕU�� EX� RUDQ� &Uperidotit/Cradakit ve Niperidotit/Niadakit çok 

\�NVHNWLU���������VÕUDVÕ\OD� 
.�YH�5E�NRQVDQWUDV\RQODUÕ 
.�5E� RUDQÕ� G�ú�N� VLOLND� DGDNLWOHULQGH� \�NVHN� VLOLND� DGDNLWOHULQGHQ� �� NDW�

GDKD�E�\�N�RODELOLU��%X�oR÷XQOXNOD�G�ú�N�VLOLND�DGDNLWOHULQGH�5E�RUDQÕQÕQ�G�ú�N�
ROPDVÕQGDQ� GROD\ÕGÕU�� o�QNL� .� RUDQÕ� KHU� LNL� JUXSWD� DúD÷Õ� \XNDUÕ� EHQ]HUGLU��
2N\DQXVDO� ED]DOWODUGD� .�5E� RUDQÕ� WLSLN� RODUDN� ����� FLYDUÕQGDGÕU�� %D]DOWLN�
PDO]HPHOHULQ� HULPHVL� HVQDVÕQGD�NDOÕQWÕ�PLQHUDOOHU�.GK/Rb

PLQHUDO�VÕYÕ>1 (amfibol=6, 

NOLQRSLURNVHQ ��� JUDQDW ���� 5ROOLQVRQ�� ������ GH÷HULQH� VDKLSWLU� YH� HUL\LNOHU�
.�5E������ GH÷HULQH� VDKLS� ROPDOÕGÕU�� <�NVHN� VLOLND� DGDNLWOHUL� LoLQ� �.�5E �����
GXUXP�DoÕNoD�EXGXU��.�YH�5E�KHU�LNLVLGH�SHULGRWLWLN�HUL\LNWHQ�NDOÕQWÕVÕQGD�PLQHUDO�
içerisinde aúÕUÕ� GHUHFHGH� X\XPVX]GXU� E�\�NW�U� �ROLYLQ�� RUWRSLURNVHQ��
NOLQRSLURNVHQ��JUDQDW��YH�EX�QHGHQOH�PDQWR�GH÷HUL��a�����HULPH�V�UHVLQFH�DúÕUÕ�ELU�
IUDNVL\RQODQPD� ROPDPDOÕGÕU�� 0HNVLND¶� GDNL� DGDNLWOHUGH� J|]OHQHQ� DúÕUÕ� 5E�
tüketilmesi peridotitik kaynaktaki metasomatLN� DPILERO�Q� EXOXQPDVÕ� úHNOLQGH�
\RUXPODQPÕúWÕU��5RJHUV�YH�GL÷���������&DOPXV�YH�GL÷����������'LOLP�HUL\LNOHUL�LOH�
PDQWR� SHULGRWLWOHULQLQ� PHWDVRPDWL]PDVÕ� RUWRSLURNVHQ�� NOLQRSURNVHQ�� JUDQDW��
ILORJRSLW� YH� ULKWHULW� YH\D� SDUJDVLW� �6HQ� YH� 'XQQ�� ������ 5DSS� YH� GL÷., 1999; 

3URXWHDX�YH�GL÷����������UHWLU��6FKPLGW�YH�3ROL��������HULPH�HVQDVÕQGD�ILORJRSLW�
GDKD� \�NVHN� VÕFDNOÕNODUGD� �����oC) erirken amfibol ilk kez 980-1000 oC 

VÕFDNOÕNODUGD� HULGL÷LQL� J|VWHUPLúWLU�� $PILERO� HUL\LN� WHSNLPHVL� NOLQRSLURNVHQ�
(%10), granat (%30��YH�HUL\LN�������ROXúWXUXU��)UDQFLV�YH/XGGHQ��������'DOSp�YH�
Baker, 2000). Ionov ve Hofmann (1995) manto ksenolitlerindeki filogopitin K ve 

5E� EDNÕPÕQGDQ� ]HQJLQNHQ� DPILEROOHULQ� \�NVHN� .� YH� G�ú�N� 5E�
NRQVDQWUDV\RQODUÕQD� VDKLS� RODELOHFH÷LQL� J|VWHUPLúWLU�� %|\lece amfibolün seçici 

HULPHVL�� G�ú�N� 5E� LoHUL÷LQL� YH� G�ú�N� VLOLND� DGDNLWOHULQGH� NDUúÕODúWÕUÕODQ� \�NVHN�
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.�5E� DoÕNODU�� %XUDGD� SDUJD]LW� LoHUHQ� PDQWR� ND\QD÷ÕQÕQ� GLOLP� HUL\LNOHUL� LOH�
PHWDVRPDWL]PD\D�X÷UDWÕOGÕ÷Õ�|QHULOPHNWHGLU��� 

7RSX]�YH�GL÷�� ������� WDUDIÕQGDQ�\DSÕODQ�oDOÕúPDODUGD�DGDNLWLN�ND\DoODUÕQ�
W�UHGL÷L�PDJPDODUÕQ�ROXúXPXQD� LOLúNLQ�oHúLWOL�SHWURMHQHWLN�PRGHOOHU�|QHULOPLúWLU��
Bunlar; 

(1) GDODQ� JHQo� YH� VÕFDN� RN\DQXVDO� OLWRVIHULQ� ED]DOWLN� NÕVPÕQ� HULPHVL\OH�
(Defant ve Drummond 1990, 1993; Drummond ve Defant, 1990; Kay 

YH� GL÷��� ������ YH� SHULGRWLWLN� PDQWR� NDPDVÕ\OD� OLWRVIHU� GLOLPLQGHQ�
W�UH\HQ�HUL\LNOHU�DUDVÕQGD�PH\GDQD�JHOHQ�HWNLOHúLPOHU��6WHUQ�YH�.LOLDQ��
������ 5DSS� YH� GL÷��� ������ ������ 6PLWKLHV�� ������ 3URXWHDX� YH� GL÷���
2001) ile, 

(2) sulu bazaltik magmadan amfibol ve grDQDWÕQ� \�NVHN� EDVÕQoWD�
SDUoDODQPDVÕ��3URXWHDX�YH�6FDLOOHW��������LOH� 

(3) �ED]DOWLN�PDJPDODU�YH�YH\D�NÕWDVDO�NDEXN�WDUDIÕQGDQ�LWLOHQ�DNÕúNDQODUÕQ�
VHUEHVW�NDOPDVÕ�VRQXFX�VÕFDN�PDILN�DOW�NDEX÷XQ�NÕVPL�HULPHVL��6PLWK�
ve Leeman, 1987; Atherton ve Petford, 1993; WaUHKDP�YH�GL÷���������
<XPXO� YH� GL÷��� ������ &KXQJ� YH� GL÷��� ������ 5DSS� YH� GL÷��� ������
*DUULVRQ�YH�'DYLGVRQ��������6WHYHQVRQ�YH�GL÷���������:DQJ�YH�GL÷���
2005) ile, 

(4) PDQWR� NRQYHNVL\RQODUÕ� YH� VRQUDGDQ� ROXúDQ� HULPH� YH� SHULGRWLWOHUOH�
HWNLOHúLP� VRQXFXQGD� PH\GDQD� JHOHQ� HVNL� PDILN� DOW� NÕWDVDO� NDEXN�
�HNORMLW��PDJPDODUGDQ�W�UHPH��;X�YH�GL÷���������*DR�YH�GL÷���������LOH 

RODUDN�VÕUDODQDELOLU� 
7RSX]�YH�GL÷���������WDUDIÕQGDQ�\DSÕODQ�(RVHQ�6DUD\FÕN�JUDQLWR\LGOHULQGH�

�'R÷X� 3RQWLG�� \DSÕODQ� oDOÕúPDODUGD� oDUSÕúPD� VRQUDVÕ� NDUDNWHUH� VDKLS� 6DUD\FÕN�
granitoyidlerindeki granodiyorit ve dasit örneklerinin kimyasal özellikleri 

EDNÕPÕQGDQ�VXSUD�VXEGXFWLRQ�]RQXQGD�VDSWDQDQ�\�NVHN�VLOLND�DGDNLWOHUL\OH��+6$��
benzer fakat biraz daha felsik ve yüksek alüminyum saturasyon indeksine sahip 

olmD� H÷LOLPL� J|VWHUGL÷L� EHOLUWLOPLúWLU�� .RQGULWH� J|UH� QRUPDOL]H� HGLOPLú�
GL\DJUDPGD�QDGLU� WRSUDN�HOHPHQW�GD÷ÕOÕPODUÕQÕQ� �/D�<E�CN¶�QLQ�\�NVHN�RUDQODUÕ��
D÷ÕU� QDGLU� WRSUDN� HOHPHQWOHULQLQ� �+5((�� \XNDUÕ� GR÷UX� NRQNDY� úHNLOOHUL� YH� (X�
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DQRPDOLVLQLQ� ROPD\ÕúÕ� LOH� NDUDNWHUL]H� HGLOGL÷LQL� LIDGH� HWPLúOHULGLU��%X� ED÷ODPGD�
J|UHFHOL�RODUDN�%D�YH�6U�HOHPHQWOHULQLQ�\�NVHN�EROOX÷X�NDGDU��<��D÷ÕU�QDGLU�WRSUDN�
HOHPHQWOHUL� �+5((�� YH� 6F� HOHPHQWLQLQ� G�ú�N� EROOXNODUGD� ROPDVÕ� úHNOLQGHNL� EX�
GD÷ÕOÕPÕQ� IHOGLVSDW� EDNÕPÕQGDQ� IDNLU�� JUDQDW+amfibolce zengin mineral 

IUDNVL\RQODQPDVÕQD�LúDUHW�HWWL÷L�LOHUL�V�U�OP�úW�U�� 
 

%R]WX÷�YH�GL÷�� ������� WDUDIÕQGDQ�.DUDoD\ÕU�6L\HQLWL�YH�%R]WX÷�YH�
GL÷���������YH�%R]WX÷��������WDUDIÕQGDQ�.|VHGD÷�%DWROLWL��]HULQGH�\DSÕODQ�
oDOÕúPDODU� VÕUDVÕQGD� EX� ND\DoODUÕQ� $-tipi� ELU� NDUDNWHUH� VDKLS� ROGX÷XQX�
EHOLUWLOPLúWLU�� 

A-WLSL�JUDQLWR\LGOHULQ�MHRGLQDPLN�NRQXPXQX�EHOLUOHPHGH�NXOODQÕODQ�
Yb/Ta-<�1E� GL\DJUDPODUÕQGDNL� NRQXPODUÕQD� �ùHNLO� ������ EDNÕOGÕ÷ÕQGD�
.DUDoD\ÕU� 6L\HQLWL¶� QH� DLW� |UQHNOHULQ� ED]ÕODUÕ� DQODPVÕ]� E|OJHGH� GD÷ÕOÕP�
göstHUPHNOH� ELUOLNWH� ED]Õ� |UQHNOHU� IHOVLN� $-tipi kayaçlar bölgesinde 

NRQXPODQPDNWDGÕU�� .|VHGD÷� %DWROLWL� |UQHNOHULQH� EDNÕOGÕ÷ÕQGD� LVH�
oR÷XQOXNOD� IHOVLN�$-WLSL� ND\DoODU� E|OJHVLQGH�GD÷ÕOÕP�VXQPDNWD�ELU�NÕVPÕ�
LVH�\D\�JUDQLWOHUL�E|OJHVLQH�G�úPHNWHGLU� 
A tipi granitR\LGOHU� WDQÕPODPDVÕ�� LON�NH]�/RLVHOOH�YH�:RQV��������NÕWDVDO�

ULIW� ]RQODUÕ� YH� NÕWD� LoOHULQGH� J|]OHQHQ� RURMHQLN� ROPD\DQ� WHNWRQLN� NRQXPOX�
³DQRURMHQLN´�� G�ú�N� VX� IXJDVLWHVL� ³DQK\GUXV´� NRúXOODUÕQGD� ROXúDQ�� ]D\ÕI� DONDOHQ�
�DONDOLQH���W�U��JUDQLWR\LGOHUL�WDQÕPODPDN�LoLQ�NXOODQÕOPÕúWÕU��'DKD�VRQUD�%RZGHQ�
�������WDUDIÕQGDQ�EX�ND\DoODU�LoLQ�DO�PLQDOÕ��DO�PLQRV��WHULPLQLQ�NXOODQÕOPDVÕQÕQ�
JHUHNOL�ROGX÷XQX�EHOLUWLOPLúWLU�� 

(VDV� RODUDN� DQD� HOHPHQW� MHRNLP\DVÕ� YHULOHULQGHQ� PRODU�
Al2O3/(Na2O+K22�&D2�� RUDQÕ� LOH� PDILN� PLQHUDO� WRSOXOXNODUÕQD� GD\DQÕODUDN�
\DSÕODQ�EX�VÕQÕIODPD\D�J|UH�$-tipi granitoyidler tamamen peralkalin karakterlidir. 

A-tipi granitoyidler, genelde kuvars siyenit, alkali feldispat granit, 

VXEDONDOHQ�YH�SHUDONDOHQ�JUDQLWOHU�YH�EXQODUÕQ�YRONDQLN�HúGH÷HUOHULQL�NDSVDr. 
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ùHNLO�������.DUDoD\ÕU�6L\HQLWL�YH�.|VHGD÷�%DWROLWL¶QH�DLW�|UQHNOHULQ�<E�7D-Y/Nb 

GL\DJUDPODUÕQGDNL�NRQXPODUÕ��(E\������¶D�GD\DQGÕUÕODUDN�%HVW�YH�&KULVWLDQVHQ��
�����WDUDIÕQGDQ�KD]ÕUODQDQ�GL\DJUDPGDQ�DOÕQPÕúWÕU� 

 

0LQHUDORMLN� DoÕGDQ� PDILN� PLQHUDOOHU� NUistallenmenin geç evresinde 

ROXúPXúODUGÕU� YH� EL\RWLW�KRUQEOHQG� YH� VRGLN� SLURNVHQ� LoHULUOHU�� $ONDOL� IHOGLVSDW�
türünde olan feldispatlar daha çok albit-RUWRNOD]� NDWÕ� HUL\L÷L� �\HOHUL� LOH� WHPVLO�
edilirler.  

A-WLSL� JUDQLWR\LGOHU� MHRNLP\DVDO� DoÕGDQ� 6L22, Na2O+K2O, Fe/Mg, F, Zr, 

Nb, Ga, Sn, Y, ve (Eu hariç) REE içerikleri yüksek, CaO, Ba, V ve Sr 

LoHULNOHULQLQ�G�ú�N�ROPDVÕ�LOH�NDUDNWHULVWLNWLU� 
�gU�PFHN� GL\DJUDPODUÕQGD� �NRQGULW� LOH� QRUPDOL]H�� ]HQJLQOHúPLú� \DWD\D�

\DNÕQ-�$÷ÕU�5((¶�OHUFH�KDILIoH�W�NHWLOPLú��&H�<EN)bir görünüm sunarlar. Belirgin 

olarak Eu negatif anomali gösterirler. En belirgin özelliklerden biri, yüksek Ga/Al 

RUDQÕGÕU�� %X� RUDQÕQ� DQD� YH� ED]Õ� L]� HOHPHQWOHUH� �&H�� 1E�� =U�� NDUúÕ� GH÷LúLPOHUL�
özellikle alkalen ve peralkalen örneklerde A-tipi granitoyidlerin� GL÷HU� WLSOHUGHQ�
D\UÕOPDVÕQÕ�VD÷ODU� 

$\UÕFD� $-WLSL� JUDQLWR\LGOHU� GL÷HU� WLSOHUH� J|UH� )� �PHWDO�PLQDOÕ� YH�
SHUDO�PLQDOÕ��YH�&O¶FH��SHUDONDOHQ�WLSOHUGH��DúÕUÕ�]HQJLQGLU��&ROOLQV�YH�GL÷��������� 
 

<�1E
��

� ��

�

�� DGD�\D\ÐED]DOWODUÐ
IHOVLNND\DoODU

RUWDODPDNÐWDVDO�NDEXN
\D\JUDQLWOHUL

RN\DQXVDGDVÐ�ED]DOWODUÐ
$�WLSL

��

.|VHGDÎ�%DWROLWL

.DUDoD\ÐU�6L\HQLWL
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ùHNLO�������.DUDoD\ÕU�6L\HQLWL�YH�.|VHGD÷�%DWROLWL¶QH�DLW�|UQHNlerin Kayaç/Kondrit (Sun, 

������GL\DJUDPÕQGDNL�NRQXPODUÕ 
 

.DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶� QH� DLW� ND\Do� |UQHNOHULQLQ�
.D\Do�.RQGULW¶�H�J|UH�QRUPDOL]H�HGLOPLú��6XQ��������QDGLU�WRSUDN�HOHPHQW��5((��
GL\DJUDPÕQD�EDNÕOGÕ÷ÕQGD��.DUDoD\ÕU�6L\HQLWL�ND\Do�|Uneklerinin hafif nadir toprak 

HOHPHQWOHULQFH� �/5((�� EHOLUJLQ� ELU� úHNLOGH� IUDNVL\RQODQPD� J|VWHUGL÷L�� KHUKDQJL�
ELU� (X� DQRPDOLVL� J|VWHUPHGL÷L� YH� D÷ÕU� QDGLU� WRSUDN� HOHPHQWOHULQFH� �+5((��
KHUKDQJL�ELU�IUDNVL\RQODQPD�J|VWHUPHGL÷L�J|]H�oDUSPDNWDGÕU�� 

.|VHGD÷� %DWROLWL� |UQHNOHULQGH� LVH� WÕSNÕ� .DUDoD\ÕU� 6L\HQLWL¶� QH� DLW�
|UQHNOHULQ� VHUJLOHPLú� ROGX÷X� \|QHOLPOHU� J|]OHQPHNOH� ELUOLNWH� WHN� IDUNOÕOÕN�
SODML\RNOD]�IUDNVL\RQODQPDVÕQGDQ�ND\QDNODQDQ�QHJDWLI�(X�DQRPDOLVLGLU�� 
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ùHNLO�������.DUDoD\ÕU�6L\HQLWL�YH�.|VHGD÷�%DWROLWL¶QH�DLW�|UQHNOHULQ�.D\Do�øONVHO�0DQWR�
�6XQ��������QRUPDOL]H�GL\DJUDPODUÕQGDNL�NRQXPODUÕ� 
 

.D\Do�øONVHO� 0DQWR� QRUPDOL]H� GL\DJUDPÕQGD� .DUDoD\ÕU� 6L\HQLWL� YH�
.|VHGD÷� %DWROLWL¶� QH� DLW� ND\Do� |UQHNOHUL� JHQHO� RODUDN� ELUELUOHULQH� EHQ]HU� ELU�
yönelim sergilemekle ELUOLNWH�ROGXNoD�|QHPOL�ED]Õ�NDUDNWHULVWLN� IDUNOÕOÕNODU�J|]H�
oDUSPDNWDGÕU�� 7LSLN� |]HOOLNOHU� QLWHOL÷LQGHNL� EX� NDUDNWHULVWLNOHU� NÕVDFD� ú|\OH�
özetlenebilir: 

.|VHGD÷�%DWROLWL�ND\Do�|UQHNOHULQGH�%D�YH�6U�HOHPHQWOHUL�QHJDWLI�DQRPDOL�
VXQDUNHQ�.DUDoD\ÕU�6L\HQLWL¶�QH�DLW�|UQHNOHUGH�KHU�LNL�HOHPHQW�EDNÕPÕQGDQ�SR]LWLI�
ELU� DQRPDOL� J|U�OPHNWHGLU�� 'L÷HU� WDUDIWDQ� .|VHGD÷� %DWROLWL� ND\Do� |UQHNOHUL� &V�
EDNÕPÕQGDQ� |QHPOL� ]HQJLQOHúPHOHU� J|]OHQLUNHQ� .DUDoD\ÕU� 6L\HQLWL¶� QH� DLW�
|UQHNOHUGH�EX�HOHPHQW�EDNÕPÕQGDQ�WDP�DNVLQH�|QHPOL�IDNLUOHúPHOHU�J|]OHQLU���� 
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��� .$5$d$<,5� 6ø<(1ø7ø� 9(� .g6('$ö� %$72/ø7ø¶� 1ø1� 7(.�
=ø5.21�207Pb/2063E�(9$325$6<21�<$ù�7$<ø1ø 

Zr(SiO4��NLP\DVDO�ELOHúLPLQH�VDKLS�RODQ�]LUNRQ�PLQHUDOLQLQ�\DSÕVÕQGD�KHU�
6L� DWRPX� WHWUDHGHULQ� �� 2� DWRPX� WDUDIÕQGDQ� ����� Æ� PHVDIHGH� VDUÕOPÕúWÕU�� =U�
DWRPODUÕ� LVH� ����� Æ� PHVDIHGH� �� 2� DWRPX� DUDVÕQGD� X]DQPDNWDGÕU�� 2� DWRPODUÕ�
DUDVÕQGDNL�X]DNOÕN�LVH������Æ¶GXU��%|\OHFH�HVDV�\DSÕ�ELULPL�F�HNVHQLQH�SDUDOHO�YH�
DUGDODQPDOÕ�GL]LOHQ�6L24 tetraederleri ve ZrO8��oJHQ�GRGHNDHGHUOHUGHQ�ROXúDQ�ELU�
zincir oOXúWXUXU��5RELQVRQ�YH�GL÷��������� 

Zirkon içerisinde bulunan elementler genellikle nadir toprak 

HOHPHQWOHULGLU�YH�EXQODUÕQ�HQ�|QHPOLVL�+I�HOHPHQWLGLU��+I�LoHUL÷L���-4 ve 

Hf/Zr ~0.02-�����DUDVÕQGDGÕU��'HHU�YH�GL÷����������$\UÕFD�\�NVHN�PLNWDUGD�
U (10-4000 ppm) ve ortaç miktarda Th (3-1000 ppm) içerir. U ve Th gibi 

HOHPHQWOHULQ�UDG\RDNWLI�SDUoDODQPDODUÕ�]LUNRQXQ�NULVWDO�DWRP�D÷ÕQGD�JHQLú�
WDKULEDWODU� \DSDU� YH� PHWDPLNWL]DV\RQ� JHOLúLU�� 5DG\RDNWLI� SDUoDODQPD�
VRQXFX� PHWDPLNWL]DV\RQD� G|Q�ú�P� GÕúÕQGD� ]LUNRQ� PLQHUDOL oldukça 

GD\DQÕNOÕGÕU��*|QF�R÷OX�������� 
'L÷HU� \|QWHPOHUGH� NXOODQÕODQ� PLQHUDO� W�UOHULQGHQ� GDKD� VWDELO� ROPDVÕ��

MHRORMLN� ROD\ODUD� NDUúÕ� GLUHQoOL� ROPDVÕ� �8-3E�VLVWHPLQLQ�NDSDOÕ� NDODELOPHVL�� JLEL�
QHGHQOHUOH� ]LUNRQ� PDJPDWL]PD� ROD\ODUÕQÕQ� \DúODQGÕUÕOPDVÕ� VÕUDVÕQda güvenle 

NXOODQÕODQ�ELU�PLQHUDOGLU� 
0DJPDWLN� ND\DoODUÕQ� \DúODQGÕUÕOPDVÕ� VÕUDVÕQGD� VÕNoD� NXOODQÕODQ� ]LUNRQ�

PLQHUDOL� EDúOÕFD� JUDQLWWHQ� WRQDOLWH� NDGDU� GH÷LúHQ� SO�WRQLN� ND\DoODUGD� YH� D\UÕFD�
RUWDo� ELOHúLPOL� ND\DoODUGD� YH� EXQODUÕQ� YRONDQLN� YH� SLURNODVWLN� NDUúÕWODUÕQGD� WDOL�
ELOHúHQ� RODUDN� EXOXQXU�� $\UÕFD� VRG\XPFD� ]HQJLQ� SO�WRQLN� ND\DoODUGD� �VL\HQLW��
QHIHOLQ� VL\HQLW�� YH� JUDQLW� SHJPDWLWOHUGH� E�\�N� YH� LUL� ]LUNRQ� NULVWDOL� JHOLúLPL�
gözlenir (Erkan, 1994). 

=LUNRQ�NULVWDOOHULQLQ�NLP\DVDO�ELOHúLPL�EDNÕPÕQGDQ��'HHU�YH�GL÷���������LON�
ROXúWXNODUÕQGD� E�Q\HOHULQGH� NHVLQOLNOH� KHUKDQJL� ELU� 207Pb veya 206Pb izotopu 

EXOXQPDPDNWDGÕU��$QFDN��]LUNRQXQ�NULVWDO�NDIHVLQGH�ERO�PLNWDUGD�EXOXQDQ�8�YH�
7K�DWRPODUÕQÕQ��ELUNDo�\�]�SSP¶GHQ�ELUNDo�ELQ�SSP¶H�NDGDU�GH÷LúHQ�PLNWDUODUGD���
alfa paroDODQPDVÕ�VRQXFX�3E�L]RWRSODUÕ�PH\GDQD�JHOPHNWHGLU� 



 85 

 

Çizelge 4.1. U-Th-3E�VLVWHPLQH�DLW�ER]XúPD�SDUDPHWUHOHUL��:DJQHU��������*�OHo��
2001) 

 

ø]RWR
p 

Bolluk 
(%) 

%R]XúPD�
Denklemleri 

%R]XúPD�
Sabitleri 

(y-1) 

<DUÕ�gP�U 
(y) 

Referanslar 

U238
92  99.2743 U238

92  :� Pb206
82 �����. 1.5511X10-10 4.268X10

9 

Steiger ve J¥ger 

(1977) 

U235
92  0.7200 U235

92  :� Pb207
82 �����. 9.8485X10-10 0.7038X1

09 

Steiger ve J¥ger 

(1977) 

Th232
90  100.00 Th232

90  :� Pb208
82 ����. 4.9475X10-11 14.010X1

09 

Steiger ve J¥ger 

(1977) 

 

Tek zirkon 207Pb/2063E� HYDSRUDV\RQ� \DúODQGÕUPD� \|QWHPL�� EHOLUOL� ELU�
SDUoDODQPD� VDELWL� YH� \DUÕODQPD� |PU�� SUHQVLELQH� J|UH� �6WHLJHU� YH� Jäger, 1977) 

zirkon kristal kafesinde meydana gelen 207Pb ve 2063E� L]RWRSODUÕQÕQ� N�WOH�
VSHNWURPHWUHVLQGH�PLNWDUODUÕQÕQ�|Oo�OPHVL�HVDVÕQD�ED÷OÕ�RODUDN�JHOLúWLULOPLúWLU��%X�
\|QWHP� LoLQ� JHoHUOL� NDSDQPD� VÕFDNOÕ÷Õ�� ]LUNRQ�8�3E�\Dú� WD\LQL� LoLQ� JHoHUOL� RODQ�
kapanPD� VÕFDNOÕ÷Õ� �\DNODúÕN� ���-800 o&�� LOH� NDEDFD� D\QÕ� RODUDN�
GH÷HUOHQGLULOPHNWHGLU��)DXUH��������.REHU��������������*HKOHUV�YH�GL÷���������� 
 

�����.DUDoD\ÕU�6L\HQLWL 
.DUDoD\ÕU�6L\HQLWL¶�QLQ�\HUOHúLP�\DúÕQÕQ�VDSWDQPDVÕ�DPDFÕ\OD�%|O�P������¶�

GH� YH� (.� %¶� GH� D\UÕQWÕOÕ� RODUDN� DQODWÕODQ� WHN� ]LUNRQ� 207Pb/206Pb evaporasyon 

\DúODQGÕUPD� \|QWHPLQH� EDúYXUXOPXú� ROXS� HOGH� HGLOHQ� VRQXoODU� DúD÷ÕGD�
verilmektedir.   

0DJPDWLN� NULVWDOL]DV\RQX� NDUDNWHUL]H� HGHELOPH� NDELOL\HWL� EDNÕPÕQGDQ�
.DUDoD\ÕU�6L\HQLWL¶�QH�DLW�%$/-74 no’lu kayaç�|UQH÷LQGHQ�VHoLOHQ�X]XQ�SUL]PDWLN�
biçimli, renksiz veya hafif bal-UHoLQHPVL�UHQNOL��ROGXNoD�WHPL]�YH�|]úHNLOOL��%$/-

74-Z2, BAL-74-Z5, BAL-74-Z6, BAL-74-Z1, BAL-74-Z8, BAL-74-Z12 olarak 



 86 

QXPDUDODQGÕUÕODQ�WRSODP���DGHW�]LUNRQ�WDQHVL��]HULQGH�oDOÕúPDODU�\DSÕOPÕúWÕU��%X�
oDOÕúPDODU� VRQXFXQGD� .DUDoD\ÕU� 6L\HQLWL¶� QH� DLW� 207Pb / 206Pb tek zirkon 

HYDSRUDV\RQ�\DúÕ�EHOLUOHPH�YHULOHUL�dL]HOJH����¶�GH�YHULOPHNWHGLU�� 
 207Pb / 2063E� WHN� ]LUNRQ� HYDSRUDV\RQ� \DúODQGÕUPD� \|QWHPL� VRQXFXQGD�
.DUDoD\ÕU�6L\HQLWL� LoLQ�NXOODQÕODQ�� adet zirkon kristalinin (n=6) her birinde elde 

edilen BAL-74-Z2 için 89.6 + 8.4 My, BAL-74-Z5 için 96.2 + 11.0 My, BAL-74-

Z6 için 103.5 + 33.3 My, BAL-74-Z1 için 110.7 + 9.7 My, BAL-74-Z8 için 110.9 

+ 44.5 My, BAL-74-Z12 için 120.1 +������PLO\RQ�\ÕOOÕN�\DúODUGDQ�LWLEDUHQ������
J�YHQ� VÕQÕUÕQGD�� D÷ÕUOÕNOÕ� VWDQGDUW� VDSPDODUÕQ� RUWDODPDVÕ� ����� RODQ� 99.0+11.0 

PLO\RQ�\ÕOOÕN�D÷ÕUOÕNOÕ�RUWDODPD�\Dú��:0$��:HLJKWHG�0HDQ�$JH��HOGH�HGLOPLúWLU�
�ùHNLO������� 

Üst Kretase (Senomaniyen-7XURQL\HQ�¶�\H�NDUúÕOÕN�JHOHQ�����+11.0 milyon 

\ÕOOÕN� \Dú� YHULVL� DUD]LGHNL� NRQXPX� LWLEDUL\OH� 3DOHR]R\LN� \DúOÕ� $NGD÷PDGHQL�
/LWRGHPL¶� QL� �<ÕOPD]� YH� GL÷��� ������ NHVHQ� YH� (RVHQ� \DúOÕ� 7RNXú� )RUPDV\RQX�
�<ÕOPD]�� ������ ������ WDUDIÕQGDQ� X\XPVX]OXNOD� |UW�OHQ� .DUDoD\ÕU� 6L\HQLWL¶� QLQ�
\HUOHúLP�LQWU�]\RQ�\DúÕ��HPSODFHPHQW�LQWUXVLRQ�DJH��RODUDN�GH÷HUOHQGLULOPHNWHGLU�
�ùHNLO������� 
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Çizelge 4.2.�.DUDoD\ÕU�6L\HQLWL¶�QH�DLW�%$/-���QR¶�OX�|UQHN��]HULQGH�\DSÕODQ�207Pb / 2063E�WHN�]LUNRQ�HYDSRUDV\RQ�\DúÕ�EHOLUOHPH�YHULVL 
 

 
 

 
 

Birim 

 
Örnek-
Zirkon 

NumarasÕ 

 
Tarama
6D\ÕVÕ 

 

 

207Pb / 206Pb 

 

 

204Pb / 206Pb 

 

 

207Pb / 206Pbcorr 

 

207Pb / 206Pb 
<DúÕ��0\���0\�

+ 2 σ hata) 

$÷ÕUOÕNOÕ�
ortalama 

\Dú��0\�+ 2 
σ  hata) 

.DUDoD\ÕU BAL74-Z2 90 0.053043+0.0000625 0.000371+0.00000456 0.047805+0.0000637 89.6 + 8.4 

.DUDoD\ÕU BAL74-Z5 89 0.072498+0.00122 0.0017+0.0000856 0.04794+0.000118 96.2 + 11.0 

.DUDoD\ÕU BAL74-Z6 88 0.07438+0.00065 0.00182+0.0000807 0.048088+0.000572 103.5 + 33.3 

.DUDoD\ÕU BAL74-Z1 88 0.078598+0.000267 0.0021+0.0000175 0.048159+0.0000917 107.0 + 9.7 

.DUDoD\ÕU BAL74-Z8 53 0.062455+0.00072 0.000973+0.0000665 0.048239+0.000803 110.9 + 44.5 

.DUDoD\ÕU BAL74-Z12 90 0.074932+0.0005 0.00183+0.0000424 0.048427+0.000247 120.1 + 17.2 

 
 

99.0 + 11.0 

 
207Pb/206Pbcorr �\D\JÕQ�2063E�GH÷HULQH�J|UH�G�]HOWLOPLú�GH÷HU 
2σ= 2�VLJPD�KDWD�GH÷HUL 
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ùHNLO������.DUDoD\ÕU�6L\HQLWL¶�QH�DLW�%$/-���QXPDUDOÕ�|UQHNWH���]LUNRQ�WDQHVL��]HULQGH�
\DSÕODQ� 207Pb/2063E� WHN� ]LUNRQ� HYDSRUDV\RQ� \DúODQGÕUPDVÕ� �AOY=$÷ÕUOÕNOÕ�
2UWDODPD� <Dú�� n=� \DúODQGÕUPDGD� NXOODQÕODQ� ]LUNRQ� WDQHOHULQLQ� VD\ÕVÕ�� ASSO= 

$÷ÕUOÕNOÕ�6WDQGDUW�6DSPDODUÕQ�2UWDODPDVÕ� 
 

 

 

 

� ������

���

���

���

��

��

]LUNRQ�WDQHVL

%$/���

.DUDoD\ÐU�6L\HQLWL
$2< ��������������0\��Q ��

�����J�Y��$662 ����
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ùHNLO� ���� 207Pb/2063E� WHN� ]LUNRQ� HYDSRUDV\RQ�\DúODQGÕUPDVÕ� LoLQ�NXOODQÕODQ� |UQHN� YH�HOGH� HGLOHQ� \Dú�YHULVLQLQ�.DUDoD\ÕU�6L\HQLWL¶�QLQ� MHRORMLN�
KDULWDVÕ��]HULQGHNL�J|VWHULPL 

d(/7(.�'$ö,

0HQGHNOLN�7�

(YOL\D�7�

<HOOLFH�7�

.HOH÷HQ�7�

3DúDGDPÕ�7�

$÷DUD÷DQ�7�

(VNLN|\

(÷UHN�7�.$5$d$<,5

ùHE�OHU�7�

(YOL\D�7�

dDWDOoDP�7�

.

$d,./$0$/$5

.XPWDúÕ��PDUQ��VLOWWDúÕ
)RVLOOL�.LUHoWDúÕ

.DUDoD\ÕU�6L\HQLWL

.LUHoWDúÕ
9RONDQRVHGLPDQWHU�øVWLI

6HUSDQWLQLW

$NGD÷PDGHQL�/LWRGHPL

����7RNXú
)RUPDV\RQX

��7HNHOLGD÷
���.DUÕúÕ÷Õ

� ��NP���������

%$/���

%$/���

%$/���

%$/���

%$/���

%$/���

%$/��� gUQHN�QXPDUDVÕ

����3E�����3E�WHN�]LUNRQ�HYDSRUDV\RQ�\DÒÐ
99.0+11.0 �PLO\RQ�\ÐO

207 206

��

��

��

��

��

.

)D\
)RUPDV\RQ�VÕQÕUÕ

'R÷UXOWX�YH�H÷LP

<HUOHúLP�PHUNH]L

7HSH�QRNWDVÕ

.ÕYUÕP
ùLVWR]LWH

$O�Y\DO�)DQ

(YOL\DWHSH�%D]DOWÕ



 90 

�����.|VHGD÷�%DWROLWL 
Köseda÷� %DWROLWL� ND\Do� |UQHNOHUL� LoHULVLQGHQ� %$/-87 no’lu kayaç 

|UQH÷LQGHQ� VHoLOHQ� |]úHNLOOL�� X]XQ� SUL]PDWLN� ELoLPOL�� UHQNVL]� YH\D� KDILI� EDO-
reçinemsi renkli, oldukça temiz 7 (BAL87-Z2, BAL87-Z6, BAL87-Z5, BAL87-

Z4, BAL87-Z8, BAL87-Z1, BAL87-Z3) adet zirkon taneVL� �]HULQGH� oDOÕúPDODU�
\DSÕOPÕúWÕU�� %X� oDOÕúPDODU� VÕUDVÕQGD� %$/��-Z8, BAL87-Z1 ve BAL87-Z3 

QXPDUDOÕ� ]LUNRQ� NULVWDOOHULQLQ� 2043E� NLUOLOL÷LQGHQ� �FRPPRQ� 3E�� ND\QDNODQGÕ÷Õ�
G�ú�Q�OHQ�NDOÕQWÕ�YH\D�\�NVHN�\DúODU�J|VWHUPHVLQGHQ�GROD\Õ�D÷ÕUOÕNOÕ�RUWDODPD�\Dú�
içerisLQGH�GH÷HUOHQGLULOHPHPLúWLU��7RSODP���DGHW�]LUNRQ�NULVWDOL��]HULQGH�\DSÕODQ�
207Pb/2063E�WHN�]LUNRQ�HYDSRUDV\RQ�\DúODQGÕUPD�oDOÕúPDODUÕ�VRQXFXQGD�HOGH�HGLOHQ�
veriler Çizelge 4.3’ de verilmektedir.   

.|VHGD÷�%DWROLWL�ND\Do�|UQHNOHULQGHQ�%$/-87 no’ lu örnekte n= 4 zirkon 

kristalinden (BAL87-Z2 nolu örnekte 44.9+2.9 My, BAL87-Z6 nolu örnekte 

50.5+11.2 My, BAL87-Z5 nolu örnekte 58.3+11.0 My, BAL87-Z4 nolu örnekte 

56.5+28.4 My) elde edilen 207Pb / 2063E�WHN�]LUNRQ�HYDSRUDV\RQ�\DúÕ������J�YHQ�
VÕQÕUÕQGD�� D÷ÕUOÕNOÕ� VWDQGDUW� VDSPDODUÕQ�RUWDODPDVÕ������RODQ�52.1+6.4�PLO\RQ�\ÕO�
�ùHNLO������RODUDN�EXOXQPXúWXU�� 

øSUHVL\HQ� �$OW�(RVHQ�¶� H�NDUúÕOÕN�JHOHQ�����+����PLO\RQ�\ÕOOÕN� WHN�]LUNRQ�
207Pb / 2063E�HYDSRUDV\RQ�\DúÕ��.DONDQFÕ��������WDUDIÕQGDQ�JHUoHNOHúWLULOHQ�5E-Sr 

tümkayDo� L]RNURQ� \Dú� WD\LQL� oDOÕúPDODUÕ� VRQXFXQGD� HOGH� HGLOHQ� DQD� N�WOH\L�
ROXúWXUDQ� NXYDUVOÕ� VL\HQLWOHU� LoLQ� ��+�� PLO\RQ� \ÕO�� GDPDU� ND\DoODUÕQÕ� ROXúWXUDQ�
pegmatitik biyotitli siyenit için 37+����PLO\RQ�\ÕOOÕN�\DúODU�LOH�DQFDN���VLJPD�KDWD�
GH÷HUOHUL�J|]�|Q�QH�DOÕQGÕ÷ÕQGD�\DNODúÕN����¶OXN�ELU�KDWD�SD\Õ�LOH�|UW�úPHNWHGLU��
Bu durum, Rb-6U� W�PND\Do� L]RNURQX� \Dú� WD\LQL� LOH� WHN� ]LUNRQ� 207Pb / 206Pb 

HYDSRUDV\RQ� \Dú� WD\LQL� \|QWHPOHUL� DUDVÕQGDNL� KDVVDVL\HW�� WHNUDUODQDELOLUOLN� YH�
GHWHNVL\RQ� OLPLWOHULQGHQ�ND\QDNODQDELOHFH÷L�JLEL�� � ODERUDWXDUODU�DUDVÕQGDNL� LQWHU-
NDOLEDUV\RQ�VRUXQODUÕQGDQ�GD�ND\QDNODQDELOHFH÷L�G�ú�Q�OPHNWHGLU�� 

Böylece, arazide Alt-2UWD�(RVHQ�\DúOÕ�ELULPOHULQ�LoHULVLQGH�VÕ÷�VRNXOXPOX�
EDWROLW� úHNOLQGH�\�]OHN�YHUHQ�YH�$OW�0L\RVHQ�\DúOÕ� J|OVHO�NLUHoWDúODUÕ� WDUDIÕQdan 

X\XPVX]OXNOD� |UW�OHQ� .|VHGD÷� %DWROLWL¶� QLQ� \HUOHúPH�LQWU�]\RQ� \DúÕ� RODUDN�
52.1+����PLO\RQ�\ÕO��$OW�(RVHQ�øSUHVL\HQ��|QHULOPHNWHGLU��ùHNLO������� 
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ùHNLO� ����� .|VHGD÷�%DWROLWL¶� QH� DLW�%$/-��� QXPDUDOÕ� |UQHNWH� �� ]LUNRQ� WDQHVL� �]HULQGH�
\DSÕODQ� 207Pb/206Pb� WHN� ]LUNRQ� HYDSRUDV\RQ� \DúODQGÕUPDVÕ� �AOY= $÷ÕUOÕNOÕ�
2UWDODPD� <Dú�� n=� \DúODQGÕUPDGD� NXOODQÕODQ� ]LUNRQ� WDQHOHULQLQ� VD\ÕVÕ�� ASSO= 

$÷ÕUOÕNOÕ�6WDQGDUW�6DSPDODUÕQ�2UWDODPDVÕ� 
 

 

 

]LUNRQ�WDQHVL

%$/���
� � � � � � �

���

���

��

��

��

��

.|VHGDÎ�%DWROLWL$2< ������������0\��Q �������J�Y��$662 ����
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Çizelge 4.3.�.|VHGD÷�%DWROLWL¶�QH�DLW�%$/-���QR¶�OX�|UQHN��]HULQGH�\DSÕODQ�207Pb / 2063E�WHN�]LUNRQ�HYDSRUDV\RQ�\DúÕ�EHOLUOHPH�
verisi 

 
 

Birim 
 

Örnek-Zirkon 
1XPDUDVÕ 

 
Taramala
6D\ÕVÕ 

 

 

207Pb / 206Pb 

 

 

204Pb / 206Pb 

 

 

207Pb / 206Pbcorr 

207Pb / 
2063E�<DúÕ�
(My) (My 
+ 2 σ hata) 

$÷ÕUOÕNOÕ�
ortalama 
\Dú��0\�+ 
2 σ  hata) 

.|VHGD÷ BAL87-Z2 90 0.051414+0.000164 0.00032+0.000011 0.046916+0.000152 44.9 + 12.9 

.|VHGD÷ BAL87-Z6 90 0.063746+0.000124 0.00116+0.0000121 0.047027+0.000118 50.5 + 11.2 

.|VHGD÷ BAL87-Z5 90 0.070822+0.00034 0.00164+0.0000267 0.047179+0.000114 58.3 + 11.0 
KöseGD÷ BAL87-Z4 79 0.11256+0.003 0.0045+0.000212 0.047145+0.000458 56.5 + 28.4 
.|VHGD÷ BAL87-Z8* 51 0.050571+0.000348 0.000223+0.0000139 0.047486+0.000346 73.7 + 22.5 
.|VHGD÷ BAL87-Z1* 42 0.081047+0.000412 0.0023+0.0000534 0.047691+0.000454 83.9 + 27.8 
.|VHGD÷ BAL87-Z3* 36 0.068612+0.00131 0.00144+0.000125 0.047754+0.000838 87.0 + 46.8 

 
 
 

52.1 + 6.4 

 
 

207Pb/206Pbcorr �\D\JÕQ�2063E�GH÷HULQH�J|UH�G�]HOWLOPLú�GH÷HU 
2σ= 2�VLJPD�KDWD�GH÷HUL� 
<ÕOGÕ]OÕ� ��� |UQHNOHU� RUWDODPD� \Dú� WRSOXOX÷XQGDQ� IDUNOÕ� E�\�NO�NWH� \DúODUD� VDKLS� ROGX÷XQGDQ� GROD\Õ� D÷ÕUOÕNOÕ� VWDQGDUW�
VDSPDODUÕQ�RUWDODPDVÕ�LoLQ�GLNNDWH�DOÕQPDPÕúWÕU� 
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ùHNLO����� 207Pb/2063E�WHN�]LUNRQ�HYDSRUDV\RQ�\DúODQGÕUPDVÕ�LoLQ�NXOODQÕODQ�|UQHN�YH�HOGH�
HGLOHQ�\Dú�YHULVLQLQ�.|VHGD÷�%DWROLWL¶�QH�DLW�MHRORML�KDULWDVÕ��]HULQGHNL�Jösterimi 

 

 

 

 

 

 

 

$UGÐo�7� 'RODPEDo�7� 7DÒOÐ\XUW�7� /|O�NEDED�7�
7W

7�\O�GHUH�9RONDQLWL��3OL\RVHQ�"�

<XNDUÐDN|UHQ�.LUHoWDÒÐ��$OW�0L\RVHQ�

$NVX�)RUPDV\RQX��$OW�2UWD�(RVHQ�

$\GÐQODU

*|O�<�

��� ��� ���� ����� ���� ���� ���� ���� ���� ����
��

��

��

��

��

��

��

��

��

��

��

��

.%

$ $


*'

$

&DPL

.RQDN

6RYDQRYDVÐ�<�

6DUÐFD�<�

<DQÐN�<�

dDPOÐFD

0DGHQ�PH]UDVÐ

.DUDWDÒ

&HYL]OLN|\�<�

$

%RQFXNOXVHNL

.XPRÎOX

$OLED]

$NVX

+DVDQDÎD�<�

6L\HQLW���$OW�(RVHQ�
.XYDUV��6L\HQLW���$OW�(RVHQ�
0LNURVL\HQLW�0LNURNXYDUV�VL\HQLW

�$OW�(RVHQ�

*HPLQGHUH�0HWDVRPDWLWL�hVW�(RVHQ�
0DGHQ0HWDVRPDWLWL�hVW�(RVHQ�

8\XPVX]OXN

8\XPVX]OXN

8\XPVX]OXN

� � � �NP

.

.Ð]ÐN�<�

+DPDP

<HUOHÒLP�DODQÐ
-HRORMLN�NHVLW�GRÎUXOWXVX$ $

)RUPDV\RQ�VÐQÐUÐ
2ODVÐ�IRUPDV\RQ�VÐQÐUÐ
6HNOLQDO�HNVHQL
)D\
'HUH

6HUSLQWL

$ÒDÎÐDN|UHQ
dDWDOROXN%HÒROXN�<�

7�PVHNOL�<�

ÑDUN|\

'HUHGDP

.HNHo

$ÒDÎÐ|UHQ�<�
<XNDUÐ|UHQ�<�

$ÒDÎÐDQXNOX�<�

.ÐOÐoODU
$NSÐQDU

<XNDUÐDN|UHQ

.HPLNoXNXUX�<�

3D]DUEHODQÐ�<�

6HOLPOHU

<XNDUÐDQXNOX�<�

dDPOÐNDOH�<�

.DUDODU

$NPHVDW�<�

207 206

%$/���
%$/���%$/���

%$/���%$/���

%$/���

%$/���
%$/���

%$/���
%$/���

%$/���

%$/���

%$/���

%$/���

%$/���

%$/��� gUQHN�QXPDUDVÐ

���3E�����3E�WHN�]LUNRQ�HYDSRUDV\RQ�\DÒÐ
52.1+6.4�PLO\RQ�\ÐO

207 206
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��� .$5$d$<,5� 6ø<(1ø7ø� 9(� .g6('$ö� %$72/ø7ø¶1ø1� $3$7ø7�
FISSION-75$&.�<$ù�7$<ø1ø�9(�<h=(</(10(�7$5ø+d(6ø�  
 øo-'R÷X�$QDGROX¶GD�\�]H\OHQHQ�JUDQLWR\LG�ELULPOHUL�DUDVÕQGD��GDKD�|QFH�
GH�EHOLUWLOGL÷L�JLEL��J�QFHO�PRVWUDGD��WDYDQ�YH�WDEDQ�VHYL\HOHUL�DUDVÕQGD�PDNVLPXP�
IDUN�EDúOÕFD�.DUDoD\ÕU�6L\HQLWL�YH�.|VHGD÷�%DWROLWL¶�QGH�J|]OHQPHNWHGLU��gUQH÷LQ��
.DUDoD\ÕU� 6L\HQLWL¶� QGH� DUD]LGHNL� J�QFHO� PRVWUDGD� WRSR÷UDILN� RODUDN� HQ� DOoDN�
seviyedeki örnek 1671 m (asl ; above sea level / deniz seviyesinden yükseklik) ve 

HQ�\�NVHNWHNL�|UQHN�LVH������P�ROPDN��]HUH�����P¶OLN�ELU�\�NVHNOLN�IDUNÕQD�VDKLS�
ELU�SURILO�ER\XQFD� WRSODP���|UQHN��.|VHGD÷�%DWROLWL¶QGH� LVH������P�YH������P�
ROPDN��]HUH������P¶OLN�ELU�G�úH\�\�NVHNOLN�IDUNÕQD�VDKLS�SURILO�ER\XQFD�WRSODP�
���|UQHN�DOÕQPÕúWÕU� 
 .DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶QH� DLW� ND\Do� |UQHNOHULQLQ� DSDWLW�
fission-WUDFN� UDG\RPHWULN� \Dú� WD\LQL� VRQXoODUÕ� dL]HOJH� ���� YH� dL]HOJH� ���¶GH�
YHULOPLúWLU� 
 

 �����.DUDoD\ÕU�6L\HQLWL 
.DUDoD\ÕU� 6L\HQLWL¶� QGHQ� DOÕQDQ� �� DGHW� ND\Do� |UQH÷LQGH� \DSÕODn mineral 

D\ÕUPD� oDOÕúPDODUÕ� �%|O�P� ����� VRQXFX� HOGH� HGLOHQ� DSDWLW� PLQHUDOOHUL� �]HULQGH�
yürütülen fission-WUDFN� UDG\RPHWULN� \Dú� WD\LQL� oDOÕúPDODUÕ� �%|O�P� �������
sonucunda 58.4 +�����PLO\RQ�\ÕO�LOH������+�����PLO\RQ�\ÕO�DUDVÕQGD�GH÷LúHQ�\DúODU�
(Orta Paleosen/Selandian)�HOGH�HGLOPLúWLU��dL]HOJH������� 

Elde edilen bu apatit fission-WUDFN� \Dú� YHULOHUL� KHU� ELU� |UQH÷LQ� DOÕQGÕ÷Õ�
WRSR÷UDILN� \�NVHNOL÷H� J|UH� \Dú-\�NVHNOLN� GL\DJUDPÕQGD� GH÷HUOHQGLULOGL÷LQGH��
WRSR÷UDILN�\�NVHNOLNWHQ�ED÷ÕPVÕ]�RODUDN��GL÷HU�ELU�GH\LúOH�WRSR÷UDILN�\�NVHNOL÷LQ�
YHULOGL÷L�\-HNVHQLQH�SDUDOHO�YH�\DúÕQ�YHULOGL÷L�[-HNVHQLQH�GLN�RODFDN�úHNLOGH���-61 

PLO\RQ�\ÕO�DUDVÕQGD�ELU�GD÷ÕOÕP�VHUJLOHPHNWHGLU��ùHNLO������ 
:DJQHU� YH� 9DQ� GHQ� +DXWH� ������� YH� :DJQHU� ������� WDUDIÕQGDQ�

EHOLUWLOGL÷LQH� J|UH� \Dú-yükseklLN� GL\DJUDPODUÕQGDNL� EX� W�U� WUHQGOHU� WLSLN� RODUDN�
\ÕOOÕN� \�NVHOPH� KÕ]Õ� �� PP¶GHQ� GDKD� ID]OD� RODQ� oRN� KÕ]OÕ� KÕ]OÕ� WHNWRQLN�
yükselmeyi (extremely fast tectonic uplift) karakterize etmektedir. 
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ùHNLO������.DUDoD\ÕU�6L\HQLWL�YH�.|VHGD÷�%DWROLWL¶�QH�DLW�\Dú-y�NVHOLP�GL\DJUDPÕ 
 

$\UÕFD�� DSDWLW� ILVLVRQ-WUDFN� oDOÕúPDODUÕQGD� HOGH� HGLOHQ� X]XQOXN�
|Oo�POHULQLQ� +H)7\� %HWD� ���� �.HWFKDP�� ������ SURJUDPÕQGD� GH÷HUOHQGLULOPHVL�
sonucu elde edilen T-W� PRGHOOHPH� GL\DJUDPODUÕ� GD� \DNODúÕN� ��-61 My önce 

JHUoHNOHúHQ� oRN� KÕ]OÕ� WHNWRQLN� \�]H\OHQPH� LOH� X\XP� LoHULVLQGHGLU� �ùHNLO� ������
gUQH÷LQ�� W�P� ND\Do� |UQHNOHULQLQ� 7-W� PRGHOOHPH� GL\DJUDPODUÕ� \DNODúÕN� ��� 0\�
FLYDUÕQGD�oRN�DQL�YH�KÕ]OÕ�ELU�ÕVÕ�ND\EÕ�LOH�\DNODúÕN�����oC lik jeotermal gradyan 

GH÷HULQGHQ� \DNODúÕN� ��� oC lik jeotermal gradyan GH÷HULQH� \�NVHOGL÷LQL�
J|VWHUPHNWHGLU� �ùHNLO����D��E��F��ùHNLO����D��E��F���%X�úHNLOGH�JHOLúHQ�oRN�DQL�YH�

DSDWLW�SDUoDODQPD�L]L�\DÒÐ��0\�
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.|VHGDÎ
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KÕ]OÕ� ÕVÕ� ND\EÕQÕQ� GHULQOLN� ND\DoODUÕQGD� DQFDN� oRN� KÕ]OÕ� WHNWRQLN� \�]H\OHQPH� LOH�
PH\GDQD�JHOGL÷L�ELOLQGL÷LQGHQ��:DJQHU�YH�9DQ�GHQ�+DXWH������ ; Wagner, 1998), 

apatit fission-WUDFN� \Dú� YHULOHULQLQ� \Dú-\�NVHNOLN� GL\DJUDPÕQGD� ��-61 My 

DUDOÕ÷ÕQGD�J|VWHUGL÷L�oRN�KÕ]OÕ� WHNWRQLN�\�NVHOPH�7-W�PRGHOOHPH�oDOÕúPDVÕ\OD�GD�
GHVWHNOHQPLúWLU� 

'L÷HU� WDUDIWDQ�� oDOÕúPD� DODQÕQÕQ� KHPHQ� NX]H\LQGH� 'HUHOL-ùHELQNDUDKLVDU�
DUDVÕQGD� \�]H\OHQHQ� JUDQLWR\LG� ND\DoODUÕQGD� \�U�W�OHQ� DSDWLW� ILVVLRQ-track 

MHRWHUPRNURQRORML� \|QWHPL\OH� HOGH� HGLOHQ� \Dú-yükseklik ve T-t modelleme 

oDOÕúPDODUÕQGD�GD�EHQ]HU�úHNLOGH�57.4+2.4 ile 47.8 +����PLO\RQ�\ÕO (Paleosen–Alt 

Eosen) DUDVÕQGD�JHUoHNOHúHQ�YH�\ÕOOÕN�\�NVHOPH�KÕ]Õ���PP¶GHQ�ID]OD�RODQ�oRN�KÕ]OÕ�
WHNWRQLN�\�NVHOPH�WDQÕPODQPÕúWÕU��%R]WX÷�YH�GL÷��������� 
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Çizelge 5.1..DUDoD\ÕU�6L\HQLWL¶�QLQ�DSDWLW��ILVVLRQ-WUDFN�MHRWHUPRNURQRORML�\DúODUÕ 
 

 

FG-02 = LUUDG\DV\RQ�VÕUD�QXPDUDVÕ� 
ρρs=�NHQGLOL÷LQGHQ�ROXúDQ�L]�\R÷XQOX÷X����6  cm-2); 

Ns =�NHQGLOL÷LQGHQ�ROXúDQ�L]�VD\ÕVÕ� 
ρρi  =�LQG�NOHQPLú�L]�\R÷XQOX÷X����6  cm-2); 

Ni =�GÕú�GHGHNW|UGHNL�LQG�NOHQPLú�L]�VD\ÕVÕ� 
ρρd =�\R÷XQOXN����6  cm-2); 

3��3��

χχ

������ �����J�YHQ�VÕQÕUÕQGD�RODVÕOÕNOÕ�GH÷HU� 
Nd = GHVLPHWUHGHNL�LQG�NOHQPLú�L]�VD\ÕVÕ� 
(%)χ2�GH÷HUL���σ�KDWD\Õ�J|VWHULU 
<DúODU��KDYX]�\DúODUÕGÕU��SRROHG�DJHV��YH�GHVLPHWUHGH�,500����5�FDPÕ�için ζζ = 313 + 6.1�NXOODQÕODUDN�KHVDSODQPÕúWÕU 
 

 

Örnek 
No 

Yükseklik 
(asl) (m) 

øUUDG\DV\RQ�
EDVDPD÷Õ 

Tane 
6D\ÕVÕ 

ρV����σ 1V ρL����σ 1L 3��χ�� ρG����σ 1G ξ$JH��σ�
�0D��

BAL-74 1975 FG-02 20 1.169+0.035 1127 1.273+0.036 1227 100.00 0.416+0.003 16955 59.5+2.8 
BAL-75 1987 FG-02 20 3.296+0.089 1371 3.495+0.092 1454 100.00 0.416+0.003 16955 61.1+2.6 
BAL-76 1928 FG-02 20 2.416+0.046 2802 2.622+0.048 3041 100.00 0.416+0.003 16955 59.7+2.0 
BAL-77 1780 FG-02 20 1.856+0.046 1626 2.042+0.048 1789 100.00 0.416+0.003 16955 58.8+2.4 
BAL-78 1714 FG-02 20 1.487+0.036 1701 1.651+0.038 1889 100.00 0.416+0.003 16955 58.4+2.3 
BAL-79 1671 FG-02 20 2.341+0.053 1976 2.570+0.055 2169 100.00 0.416+0.003 16955 59.1+2.2 
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ùHNLO������.DUDoD\ÕU�6L\HQLWL¶�QH�DLW�DSDWLW�SDUoDODQPD�L]L�\DúODQGÕUPDVÕ�\|QWHPLQGH�NXOODQÕODQ�|UQHNOHPH�KDULWDVÕ��KHU�ELU�|UQH÷H�DLW�DSDWLW� 
SDUoDODQPD�L]L�\DúODUÕ�YH�7-t modellemesi harita üzerinde gösterilmektedir)
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ùHNLO������.DUDoD\ÕU�6L\HQLWL�(a) BAL-74, (b) BAL-75, (c) BAL-76 no’ lu örneklere ait 

VÕFDNOÕN-zaman (T-t) modellemesi (TSZ: Toplam Stabilite Zonu, KOZ:� .ÕVPL�
2QDUÕOPD� =RQX�� TSZ: Toplam Stabilite Zonu, 1: Mükemmel yol, 2: Kabul 

edilebilir yol) 
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ùHNLO������.DUDoD\ÕU�6L\HQLWL�(a) BAL-77, (b) BAL-78, (c) BAL-79 no’ lu örneklere ait 

VÕFDNOÕN-zaman (T-t) modellemesi (TSZ: Toplam Stabilite Zonu, KOZ:� .ÕVPL�
2QDUÕOPD� =RQX�� TSZ: Toplam Stabilite Zonu, 1: Mükemmel yol, 2: Kabul 

edilebilir yol) 
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�����.|VHGD÷�%DWROLWL 
.|VHGD÷�%DWROLWL¶�QGH������P¶�OLN�ELU�G�úH\�\�NVHNOLN�IDUNÕQD�VDKLS�SURILO�

ER\XQFD� DOÕQDQ� WRSODP� ��� DGHW� |UQH÷LQ� PLQHUDO� D\ÕUPD� �%|O�P� ����� YH� DSDWLW�
ILVVLRQ�WUDFN�oDOÕúPDODUÕ�VRQXFX��%|O�P��������28.3 +�����PLO\RQ�\ÕO ile 29.7 + 1.2  

PLO\RQ�\ÕO�DUDVÕQGD�GH÷LúHQ�\DúODU�(Üst Oligosen)�HOGH�HGLOPLúWLU��dL]HOJH������� 
Apatit fission-WUDFN�\Dú�YHULOHULQLQ�\Dú-\�NVHNOLN�GL\DJUDPÕQGD��ùHNLO������

GH÷HUOHQGLULOGL÷LQGH��.|VHGD÷�%DWROLWL¶�QH�DLW�|UQHNOHU���-���PLO\RQ�\ÕO�DUDVÕQGD�
ELU�GD÷ÕOÕP�VHUJLOHPHNWHGLU� 

<Dú-\�NVHOLP� GL\DJUDPÕQGD� J|]OHQHQ� EX� GD÷ÕOÕP� .|VHGD÷� %DWROLWL¶� QLQ�
\�]H\OHQPHVL�HVQDVÕQGD�\ÕOGD���PP¶�GHQ�GDKD�ID]OD�RODQ�\�NVHOPH�KÕ]ÕQD�VDKLS�
ROGX÷XQX� YH� \�NVHOLPLQ� oRN� KÕ]OÕ� WHNWRQLN� ROD\ODU� LOH� GHVWHNOHQGL÷LQL�
göstermektedir (Wagner ve Van den Haute, 1992; Wagner, 1998).  

+H)7\�%HWD������.HWFKDP��������SURJUDPÕQGD�GH÷HUOHQGLULOHQ�L]�X]XQOXN�
ölçümleri sonucu elde edilen T-W�PRGHOOHPH�GL\DJUDPODUÕ� LVH���-���PLO\RQ�\ÕOD�
NDUúÕOÕN� JHOHQ� oRN� KÕ]OÕ� WHNWRQLN� \�]H\OHQPH� LOH� X\XP� LoHULVLQGHGLU� �ùHNLO� ������
Kayaç örneklerinin T-W� PRGHOOHPH� GL\DJUDPODUÕQD� EDNÕOGÕ÷ÕQGD� \DNODúÕN� ���
PLO\RQ� \ÕO� LOH� ���PLO\RQ� \ÕO� DUDVÕQD� NDUúÕOÕN� JHOHQ� ]DPDQ� GLOLPL� LoHULVLQGH� W�P�
örneklerde 150 o&¶� \L� LúDUHW� HGHQ� MHRWHUPDO� JUDG\DQGD� oRN� DQL� ELU� G�ú�ú�
gözlenmekte ve bX�GH÷HU����o&¶�\H�NDUúÕOÕN�JHOPHNWHGLU��ùHNLO���������������������
5.10).  

.|VHGD÷�%DWROLWL�DSDWLW�SDUoDODQPD�L]L�oDOÕúPDODUÕ�VÕUDVÕQGD�HOGH�HGLOHQ�7-t 

HYULP�PRGHOOHUL�� KÕ]OÕ� WHNWRQLN� \�NVHOPH� VRQXFX� ND\DoODUGD�PH\GDQD�JHOHQ� DQL�
VR÷XPD� �:DJQHU� YH� 9DQ� GHQ� +Dute, 1992; Wagner, 1998) verisi ile uyum 

göstermektedir. 

'R÷X� 3RQWLGOHU¶� GH� .RPSR]LW� .DoNDU� %DWROLWL¶� QLQ� $UGHúHQ� �5L]H�-øVSLU�
�(U]XUXP�� DUDVÕ� NHVLPLQGH� %R]WX÷� YH� GL÷�� ������� WDUDIWDQ� \DSÕODQ� DSDWLW�
parçalanma izi (fission-WUDFN�� MHRWHUPRNURQRORML� oDOÕúPDODUÕ� VRQXFXQGD�� 2OLJR-

Miyosen’ de (17-��� PLO\RQ� \ÕO� DSDWLW� ILVVLRQ� WUDFN� \DúÕ�� \ÕOOÕN� ���-0.5 mm 

\�NVHOLP� RUDQÕQD� VDKLS� oRN� KÕ]OÕ� ELU� WHNWRQLN� \�NVHOPH� PRGHOLQL� RUWD\D�
NR\PXúODUGÕU�
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Çizelge 5.2. .|VHGD÷�%DWROLWL��DSDWLW��ILVVLRQ-WUDFN�MHRWHUPRNURQRORML�\DúODUÕ 
 

Örnek No Yükseklik 
(asl) (m) 

øUUDG\DV\RQ�
EDVDPD÷Õ 

Tane 
6D\ÕVÕ ρV����σ 1V ρL����σ 1L 3��χ�� ρG����σ 1G ξ$JH��

σ��0D��
BAL-85 2821 FG-02 20 0.355+0.010 1219 0.776+0.015 2668 100.00 0.416+0.003 16955 29.7+1.2 
BAL-86 2700 FG-02 20 0.301+0.009 1150 0.667+0.013 2549 100.00 0.416+0.003 16955 29.3+1.2 
BAL-87 2585 FG-02 20 0.441+0.013 1183 0.985+0.019 2643 100.00 0.416+0.003 16955 29.1+1.2 
BAL-88 2380 FG-02 20 0.488+0.014 1241 1.074+0.021 2732 100.00 0.416+0.003 16955 29.5+1.2 
BAL-89 2240 FG-02 26 0.261+0.008 1101 0.577+0.012 2432 100.00 0.416+0.003 16955 29.4+1.2 
BAL-90 2300 FG-02 20 0.301+0.009 1078 0.685+0.014 2452 100.00 0.416+0.003 16955 28.5+1.2 
BAL-91 2383 FG-02 20 0.246+0.010 606 0.553+0.015 1360 100.00 0.416+0.003 16955 29.0+1.5 
BAL-92 2290 FG-02 21 0.462+0.014 1031 1.025+0.021 2287 99.99 0.416+0.003 16955 29.3+1.3 
BAL-93 2094 FG-02 22 0.363+0.011 1048 0.816+0.017 2357 100.00 0.416+0.003 16955 28.9+1.2 
BAL-94 1975 FG-02 20 0.363+0.010 1315 0.818+0.015 2961 99.82 0.416+0.003 16955 28.8+1.1 
BAL-95 1812 FG-02 20 0.402+0.010 1489 0.889+0.015 3295 100.00 0.416+0.003 16955 29.3+1.1 
BAL-96 2315 FG-02 15 0.454+0.014 1103 0.991+0.020 2405 98.93 0.416+0.003 16955 29.8+1.2 
BAL-97 2136 FG-02 20 0.409+0.010 1581 0.991+0.020 3483 100.00 0.416+0.003 16955 29.5+1.1 
BAL-98 1725 FG-02 20 0.344+0.008 1744 0.782+0.012 3962 100.00 0.416+0.003 16955 28.6+1.0 
BAL-99 1630 FG-02 20 0.383+0.012 1070 0.879+0.018 2455 100.00 0.416+0.003 16955 28.6+1.0 

 

FG-02 = LUUDG\DV\RQ�VÕUD�QXPDUDVÕ 
ρρs=�NHQGLOL÷LQGHQ�ROXúDQ�L]�\R÷XQOX÷X����6  cm-2); Ns =�NHQGLOL÷LQGHQ�ROXúDQ�L]�VD\ÕVÕ� 
ρρi  =�LQG�NOHQPLú�L]�\R÷XQOX÷X����6  cm-2); 

Ni =�GÕú�GHGHNW|UGHNL�LQG�NOHQPLú�L]�VD\ÕVÕ� 
ρρd =�\R÷XQOXN����6  cm-2); 

3��3��

χχ

������ �����J�YHQ�VÕQÕUÕQGD�RODVÕOÕNOÕ�GH÷HU� 
Nd = GHVLPHWUHGHNL�LQG�NOHQPLú�L]�VD\ÕVÕ� 
(%)χ2�GH÷HUL���σ�KDWD\Õ�J|VWHULU 
<DúODU��KDYX]�\DúODUÕGÕU��SRROHG�DJHV��YH�GHVLPHWUHGH�,500����5�FDPÕ�LoLQ�ζζ = 313 + 6.1�NXOODQÕODUDN�KHVDSODQPÕúWÕU
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ùHNLO� ����� .|VHGD÷� %DWROLWL¶� QH� DLW� DSDWLW� SDUoDODQPD� L]L� \DúODQGÕUPDVÕ� \|QWHPLQGH�
NXOODQÕODQ� |UQHNOHPH� KDULWDVÕ� �DSDWLW� SDUoDODQPD� L]L� \DúODUÕ� KDULWD� �]HULQGH�
gösterilmektedir)  
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ùHNLO� �����.|VHGD÷�%DWROLWL� (a) BAL-85, (b) BAL-86, (c) BAL-87 no’ lu örneklere ait 

VÕFDNOÕN-zaman (T-t) modellemesi (TSZ: Toplam Stabilite Zonu, KOZ:� .ÕVPL�
2QDUÕOPD� =RQX�� TSZ: Toplam Stabilite Zonu, 1: Mükemmel yol, 2: Kabul 

edilebilir yol) 
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ùHNLO������.|VHGD÷�%DWROLWL�(a) BAL-88, (b) BAL-89, (c) BAL-���QR¶�OX�|UQHNOHUH�DLW�VÕFDNOÕN-

zaman (T-t) modellemesi (TSZ: Toplam Stabilite Zonu, KOZ:�.ÕVPL�2QDUÕOPD�=RQX��
TSZ: Toplam Stabilite Zonu, 1: Mükemmel yol, 2: Kabul edilebilir yol) 
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ùHNLO� �����.|VHGD÷�%DWROLWL� (a) BAL-91, (b) BAL-92, (c) BAL-93 no’ lu örneklere ait 

VÕFDNOÕN-zaman (T-t) modellemesi (TSZ: Toplam Stabilite Zonu, KOZ:� .ÕVPL�
2QDUÕOPD� =RQX�� TSZ: Toplam Stabilite Zonu, 1: Mükemmel yol, 2: Kabul 

edilebilir yol) 
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ùHNLO� �����.|VHGD÷�%DWROLWL� (a) BAL-94, (b) BAL-95, (c) BAL-96 no’ lu örneklere ait 

VÕFDNOÕN-zaman (T-t) modellemesi (TSZ: Toplam Stabilite Zonu, KOZ:� .ÕVPL�
2QDUÕOPD� =RQX�� TSZ: Toplam Stabilite Zonu, 1: Mükemmel yol, 2: Kabul 

edilebilir yol) 
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ùHNLO������.|VHGD÷�%DWROLWL� (a) BAL-97, (b) BAL-98, (c) BAL-99 no’ lu örneklere ait 

VÕFDNOÕN-zaman (T-t) modellemesi (TSZ: Toplam Stabilite Zonu, KOZ:� .ÕVPL�
2QDUÕOPD� =RQX�� TSZ: Toplam Stabilite Zonu, 1: Mükemmel yol, 2: Kabul 

edilebilir yol) 
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.DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷�%DWROLWL� ND\Do� |UQHNOHUL� �]HULQGH� \DSÕODQ�
apatit fission-WUDFN�oDOÕúPDODUÕQGD�\Dú�WD\LQL�YH�L]�X]XQOXN�|Oo�POHUL�LoLQ�LNL�JUXS�
|UQHN� KD]ÕUODQPÕúWÕU��%XQODUGDQ�\DúODQGÕUPD� LoLQ� NXOODQÕODQ� JUXSWDNi örneklerde 

|QFHOLNOH� DSDWLW� LoHULVLQGH� NHQGLOL÷LQGHQ� ROXúDQ� L]OHULQ� �238U atomunun 

NHQGLOL÷LQGHQ� SDUoDODQPDVÕ� VRQXFX� ROXúDQ� IRVLO� L]OHU�VSRQWDQHRXV� WUDFNV�� RUD\D�
oÕNPDVÕ�LoLQ�SUHSDUDWODU�����+123�LOH����VDQL\H�GD÷ODQPÕúWÕU��'DKD�VRQUD�DSDWLW�
minerallerinLQ� �]HUOHULQH� PXVNRYLW� GHGHNW|U� \DSÕúWÕUÕOÕS� WHUPDO� Q|WURQODUOD�
ERPEDUGÕPDQ� HGLOPLú� YH� LQG�NOHQPLú� L]OHULQ� �235U atomunun nükleer reaktörde 

WHUPDO� Q|WURQODUOD� ERPEDUGÕPDQ� HGLOPHVL� VRQXFX� PXVNRYLW� GHGHNW|U� �]HULQGH�
RUWD\D�oÕNDQ�LQG�NOHQPLú�L]OHU�LQGXFHG�WUDFNV��RUWD\D�oÕNPDVÕ�LoLQ�LNLQFL�GD÷ODPD�
LúOHPL�PXVNRYLW�GHGHNW|U��]HULQGH�����+)�DVLW� LOH����GDNLND�\DSÕOPÕúWÕU�� øúOHP�
VÕUDVÕQD� J|UH� GD÷ODQPDPÕú� DSDWLW�PLQHUDOOHUL-NHQGLOL÷LQGHQ�ROXúDQ� L]OHULQ� RUWD\D�
oÕNPDVÕ� LoLQ� GD÷ODQPÕú� DSDWLW�PLQHUDOOHULQLQ� J|U�Q�POHUL� YH� D\QÕ� |UQHNWH� DSDWLW�
WDQHVL� EXOXQDQ� NHQGLOL÷LQGHQ� ROXúPXú� L]OHU� YH� PXVNRYLW dedektör üzerindeki 

LQG�NOHQPLú�L]OHULQ�oHúLWOL�E�\�WPHOHUGH�oHNLOPLú�IRWR÷UDIODUÕ�DúD÷ÕGD YHULOPLúWLU�  

   

ùHNLO� ������ .DUDoD\ÕU� 6L\HQLWL� ND\Do� |UQHNOHULQGHNL� DSDWLW� PLQHUDOOHULQLQ� GD÷ODQPD� LúOHPL�
|QFHVLQGH�PLNURVNRS�DOWÕQGDNL�J|U�Q�POHUL��%$/-75) 
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ùHNLO� ������ .|VHGD÷� %DWROLWL� ND\Do� |UQHNOHULQGHNL� DSDWLW� PLQHUDOOHULQLQ� GD÷ODQPD� LúOHPL�
|QFHVLQGH�PLNURVNRS�DOWÕQGDNL�J|U�Q�POHUL��%$/-86) 
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ùHNLO�������.DUDoD\ÕU�6L\HQLWL�ND\Do�|UQHNOHULQGHNL�DSDWLW�PLQHUDOOHUL��]HULQGH�\DSÕODQ�GD÷ODPD�
LúOHPOHUL� VRQUDVÕQGD� NHQGLOL÷LQGHQ� ROXúPXú� L]OHULQ� oHúLWOL� E�\�WPHOHUGH� PLNURVNRS�
DOWÕQGDNL��%$/-78) 

 

 

ùHNLO�������.DUDoD\ÕU�6L\HQLWL�ND\Do�|UQHNOHULQGHNL�DSDWLW�PLQHUDOOHUL��]HULQGH�\DSÕODQ�GD÷Oama 

LúOHPOHUL� VRQUDVÕQGD� NHQGLOL÷LQGHQ� ROXúPXú� L]OHULQ� oHúLWOL� E�\�WPHOHUGH� PLNURVNRS�
DOWÕQGDNL��%$/-74 ve BAL-79) 
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ùHNLO�������.|VHGD÷�%DWROLWL�ND\Do�|UQHNOHULQGHNL�DSDWLW�PLQHUDOOHUL��]HULQGH�\DSÕODQ�GD÷ODPD�
LúOHPOHUL� VRQUDVÕQGD� NHQGLOL÷LQGHQ� ROXúPXú� L]OHULQ� oHúLWOL� E�\�WPHOHUGH� PLNURVNRS�
DOWÕQGDNL��%$/-90 ve BAL-99) 
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ùHNLO������ BAL-���QROX�|UQH÷H�DLW�DSDWLW�PLQHUDOOHULQLQ�IDUNOÕ�E�\�WPHOHUGH�(a, c, e) muskovit 

GHGHNW|U��]HULQGH�WHUPDO�Q|WURQODUOD�ERPEDUGÕPDQ�VRQXFX�ROXúDQ�L]OHU��LQGXFHG�WUDFNV), 
(b, d, f)�NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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ùHNLO������ BAL-���QROX�|UQH÷H�DLW�DSDWLW�PLQHUDOOHULQLQ�IDUNOÕ�E�\�WPHOHUGH�(a, c, e) muskovit 

GHGHNW|U��]HULQGH�WHUPDO�Q|WURQODUOD�ERPEDUGÕPDQ�VRQXFX�ROXúDQ�L]OHU��LQGXFHG�WUDFNV���
(b, d, f)�NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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ùHNLO������ BAL-���QROX�|UQH÷H�DLW�DSDWLW�PLQHUDOOHULQLQ�IDUNOÕ�E�\�WPHOHUGH�(a, c, e) muskovit 

GHGHNW|U��]HULQGH�WHUPDO�Q|WURQODUOD�ERPEDUGÕPDQ�VRQXFX�ROXúDQ�L]OHU��LQGXFHG�WUDFNV���
(b, d, f) kendiOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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ùHNLO������ BAL-���QROX�|UQH÷H�DLW�DSDWLW�PLQHUDOOHULQLQ�IDUNOÕ�E�\�WPHOHUGH�(a, c, e) muskovit 

GHGHNW|U��]HULQGH�WHUPDO�Q|WURQODUOD�ERPEDUGÕPDQ�VRQXFX�ROXúDQ�L]OHU��LQGXFHG�WUDFNV���
(b, d, f)�NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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ùHNLO������ BAL-���QROX�|UQH÷H�DLW�DSDWLW�PLQHUDOOHULQLQ�IDUNOÕ�E�\�WPHOHUGH�(a, c, e) muskovit 

GHGHNW|U��]HULQGH�WHUPDO�Q|WURQODUOD�ERPEDUGÕPDQ�VRQXFX�ROXúDQ�L]OHU��LQGXFHG�WUDFNV���
(b, d, f)�NHQGLOL÷LQGHQ�ROXúPXú izler (spontaneous tracks)  
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ùHNLO������ BAL-���QROX�|UQH÷H�DLW� DSDWLW�PLQHUDOOHULQLQ� IDUNOÕ�E�\�WPHOHUGH� (a, c) muskovit 

GHGHNW|U��]HULQGH�WHUPDO�Q|WURQODUOD�ERPEDUGÕPDQ�VRQXFX�ROXúDQ�L]OHU��LQGXFHG�WUDFNV���(b, d) 

NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHous tracks)  

 

ùHNLO������ BAL-���QROX�|UQH÷H�DLW� DSDWLW�PLQHUDOOHULQLQ� IDUNOÕ�E�\�WPHOHUGH� (a, c) muskovit 

GHGHNW|U��]HULQGH�WHUPDO�Q|WURQODUOD�ERPEDUGÕPDQ�VRQXFX�ROXúDQ�L]OHU��LQGXFHG�WUDFNV���
(b, d)�NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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ùHNil 5.23. BAL-���QROX�|UQH÷H�DLW�DSDWLW�PLQHUDOOHULQLQ�IDUNOÕ�E�\�WPHOHUGH�(b, d, e) muskovit 

GHGHNW|U��]HULQGH�WHUPDO�Q|WURQODUOD�ERPEDUGÕPDQ�VRQXFX�ROXúDQ�L]OHU��LQGXFHG�WUDFNV���
(a, c, f, g)�NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 



 120 

 

 

ùHNLO�����. BAL-���QROX�|UQH÷H�DLW�DSDWLW�PLQHUDOOHULQLQ�IDUNOÕ�E�\�WPHOHUGH�(a, d, e) muskovit 

GHGHNW|U��]HULQGH�WHUPDO�Q|WURQODUOD�ERPEDUGÕPDQ�VRQXFX�ROXúDQ�L]OHU��LQGXFHG�WUDFNV���
(a, c, f, g)�NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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ùHNLO������ BAL-���QROX�|UQH÷H�DLW�DSDWLW�PLQHUDOOHULQLQ�IDUNOÕ�E�\�WPHOHUGH�(b, d, f) muskovit 

GHGHNW|U��]HULQGH�WHUPDO�Q|WURQODUOD�ERPEDUGÕPDQ�VRQXFX�ROXúDQ�L]OHU��LQGXFHG�WUDFNV���
(a, c, e, g)�NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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ùHNLO� ����� BAL-89 nolu� |UQH÷H� DLW� DSDWLW� PLQHUDOOHULQLQ� IDUNOÕ� E�\�WPHOHUGH� �D�� F�� H�� J�� Õ� 
PXVNRYLW� GHGHNW|U� �]HULQGH� WHUPDO� Q|WURQODUOD� ERPEDUGÕPDQ� VRQXFX� ROXúDQ� L]OHU�
(induced tracks), (b, d, f, h, i)�NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 



 123 

 

ùHNLO� ����� BAL-92 nolX� |UQH÷H� DLW� DSDWLW� PLQHUDOOHULQLQ� IDUNOÕ� E�\�WPHOHUGH� (b, d, f, h) 

PXVNRYLW� GHGHNW|U� �]HULQGH� WHUPDO� Q|WURQODUOD� ERPEDUGÕPDQ� VRQXFX� ROXúDQ� L]OHU�
(induced tracks), �D��F��H��J��Õ��NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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ùHNLO� ����� BAL-93 nolu |UQH÷H� DLW� DSDWLW� PLQHUDOOHULQLQ� IDUNOÕ� E�\�WPHOHUGH� (a, c, e, g) 

PXVNRYLW� GHGHNW|U� �]HULQGH� WHUPDO� Q|WURQODUOD� ERPEDUGÕPDQ� VRQXFX� ROXúDQ� L]OHU�
(induced tracks), (b, d, f, h)�NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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ùHNLO� ����� BAL-95 nolu örne÷H� DLW� DSDWLW� PLQHUDOOHULQLQ� IDUNOÕ� E�\�WPHOHUGH� (a, c, e, g) 

PXVNRYLW� GHGHNW|U� �]HULQGH� WHUPDO� Q|WURQODUOD� ERPEDUGÕPDQ� VRQXFX� ROXúDQ� L]OHU�
(induced tracks), (b, d, f, h)�NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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ùHNLO� ����� BAL-��� QROX� |UQH÷H� DLW� DSDWLW� PLQHUDOOHULQLQ� IDUNOÕ� E�\�WPHOHUGH� (a, c, e, g) 

PXVNRYLW� GHGHNW|U� �]HULQGH� WHUPDO� Q|WURQODUOD� ERPEDUGÕPDQ� VRQXFX� ROXúDQ� L]OHU�
(induced tracks), (b, d, f, h)�NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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ùHNLO� ����� BAL-��� QROX� |UQH÷H� DLW� DSDWLW� PLQHUDOOHULQLQ� IDUNOÕ� E�\�WPHOHUGH� (a, c, e, g) 

PXVNRYLW� GHGHNW|U� �]HULQGH� WHUPDO� Q|WURQODUOD� ERPEDUGÕPDQ� VRQXFX� ROXúDQ� L]OHU� �LQGXFHG�
tracks), (b, d, f, h)��NHQGLOL÷LQGHQ�ROXúPXú�L]OHU��VSRQWDQHRXV�WUDFNV�� 
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���-(2'ø1$0ø.�(95ø0 

ùHQJ|U� YH� <ÕOPD]� �������� 2ND\� YH� ùDKLQW�UN� �������� <ÕOPD]� YH� GL÷��
�������� %R]WX÷� YH� GL÷�� ������� WDUDIÕQGDQ� WDQÕPODQDQ� E|OJHVHO� MHRORMLN� NRQXP�
LoHULVLQH� ED÷OÕ� RODUDN� GH÷HUOHQGLULOGL÷LQGH�� .DUDoD\ÕU� 6L\HQLWL¶� QLQ� ROXúXP� YH�
\�]H\OHQPH�WDULKoHVL�úX�úHNLOGH�|QHULOHELOPHNWHGLU��ùHNLO��.1). 

Torid-$QDWROLG� SODWIRUPX� �7$3�� $OW� .UHWDVH¶� GHQ� EHUL� ø]PLU-Ankara-

(U]LQFDQ��ø$(��NHQHW�]RQX�ER\XQFD�NX]H\H�GR÷UX�$YUDV\D�OHYKDVÕQÕQ��$/��DOWÕQD�
GDOGÕ÷Õ� ELOLQPHNWHGLU�� 1HR-7HWLV¶� LQ� NX]H\� NROXQD� DLW� ø]PLU-Ankara-Erzincan 

�ø$(��RN\DQXVX� LoHULVLQGH�PH\GDQD�JHOHQ�RN\DQXVDO�DGD�\D\ODUÕ��6HQRPDQL\HQ-

7�URQL\HQ¶� GH�� RN\DQXVXQ� J�QH\LQGHNL� NÕWDVDO� OHYKD\Õ� ROXúWXUDQ�7RULG-Anatolid 

SODWIRUPX� �7$3�� LOH� oDUSÕúPD\D� EDúODPÕúWÕU� �ùHNLO� ���D��� %X� oDUSÕúPD�� GDOPD-

EDWPD� ]RQX� �]HULQGH� JHOLúHQ� RIL\ROLW� �VXSUD-subduction zone-type ophiolite) 

karakterindeki Orta Anadolu Ofiyoliti ve subofiyolitik metamorfik temel 

ND\DoODUÕQÕQ� 7RULG-$QDWROLG� SODWIRUPX� �7$3�� �]HULQH� \HUOHúLPLQL� VD÷ODPÕúWÕU�
(Parlak ve Delaloye, 1999 �� )OR\G� YH� GL÷��� ���� ; Robertson, 2002 ; Garfunkel, 

�������ùHNLl 6.1b).  

Torid-$QDWROLG�SODWIRUPX��7$3��YH�RN\DQXVDO�DGD�\D\Õ�DUDVÕQGD�PH\GDQD�
JHOHQ�EX�oDUSÕúPDQÕQ�KHPHQ�GHYDPÕQGD�RUWD\D�oÕNDQ�oDUSÕúPD�VRQUDVÕ�OLWRVIHULN�
GLOLP� NRSPDVÕQÕQ� \RO� DoDFD÷Õ� JHULOPH� UHMLPL� DOWÕQGD� .DUDoD\ÕU� 6L\HQLWL�
Senomaniyen-Türoniyen’ de yHUOHúLPLQL�WDPDPODPÕúWÕU��ùHNLO����F��� 

Böylece, Senomaniyen-Türoniyen’ de meydana gelen Torid-Anatolid 

SODWIRUPX��7$3���YH�RN\DQXVDO�DGD�\D\Õ�oDUSÕúPDVÕQD�ED÷OÕ�RODUDN�PH\GDQD�JHOHQ�
YH� D\QÕ� ]DPDQGD�.DPSDQL\HQ¶� H� NDGDU� GHYDP� HGHQ� oDUSÕúPD� VRQUDVÕ� OLWRVIHULk 

GLOLP� NRSPDVÕ� YH� NRSDQ� GLOLPLQ� DVWHQRVIHUH� EDWPDVÕ� V�UHoOHULQLQ� \RO� DoWÕ÷Õ�
JHULOPH� UHMLPL� HWNLVL\OH� PH\GDQD� JHOHQ� .DUDoD\ÕU� 6L\HQLWL� 3DOHRVHQ¶� GH� ø]PLU-
Ankara-(U]LQFDQ� �ø$(��NHQHW�]RQX�ER\XQFD�7RULG-Anatolid platformu (TAP) ve 

$YUDV\D� /HYKDVÕ� DUDVÕQGD�PH\GDQD� JHOHQ� NÕWD-NÕWD� oDUSÕúPDVÕ� VRQXFXQGD� \ÕOOÕN�
\�NVHOLPL���PP¶�GHQ�GDKD�KÕ]OÕ�RODQ�oRN�KÕ]OÕ�ELU�WHNWRQLN�\�NVHOPH�UHMLPL�DOWÕQGD�
\�NVHOHUHN�HYULPLQL�WDPDPODPÕúWÕU��ùHNLO����G�� 
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TAP

TAP AP

Ï$(6�]RQX

(d)

NÐWD�NÐWD� oDUSÐÒPDVÐ� VRQUDVÐQGD� JHO LÒHQOLWRVIHULN� GL OLP� NRSPDVÐQD� EDÎOÐ� E|OJHVHOJHULOPH� UHMLPL� DOWÐQGD� WUDQVWHQVLRQDO� EDVHQ
JHOLÒLPL�� SROLMHQLN� �oRN� N|NHQOL�� JUDQLWR\LGOHULQ\HUOHÒPHVL� YH� oRN� KÐ]OÐ� WHNWRQLN� \�NVHOPH
ROD\ODUÐQÐQ�ELUOLNWH�JHOLÒLPOHUL��\DNODÒÐN�������0\�

(b)

SSZ-tipi
OA ofiyolitleri

2N\DQXV�DGDVÐ�\D\Ð�YH
7$3� D UDVÐQGDNL oD US ÐÒPD�NDEXN��]HULQH�66=�WLSL
2UWD�$QDGROX�RIL\ROLWLQLQ�]HUOHPHVLQL�WDNLS�HGHQ
OLWRVIHULN�GLOLP�NRSPDVÐ�VODE� EUHDN�RII�� EDÒODQJÐFÐ
YH�VÐFDN�DVWHQRVIHULQ\�NVHOLPL��\DNODÒÐN��������0\�

TAP

Ï$(�V�WXU�]RQX�ER\XQFD7$3�DQG�$3�DUDVÐQGDNLNÐWD�NÐWD�oDUSÐÒPDVÐ
��\DNODÒÐN�������0\�

TAP AP

Ï$(6�]RQX
(c)

G K

AP

LOHULGH
PH\GDQD
JHOHFHN
RODQ

Ï$(6�]RQX

66=�WLSL2UWD�$QDGROX
�RIL\ROLWLQL�LoHUHQRN\DQXVDO�DGD
\D\Ð�JHOLÒLPL

(a)

'RÎX�3RQWLG
\D\�PDPDWL]PDVÐ

3RQ W LG OH UGHN L � \D\ � PDJPD W L]PDVÐ
YH�Ï$(�RN\DQXVXQGD�66=�WLSL�2UWD�$QDGROXRIL\ROLWOHULQL�LoHUHQ�RN\DQXV�DGDVÐ�\D\ÐQÐQ
R OXÒXPX� �\DNODÒÐN� ���� 0\� |QFH�

TAP

 
ùHNLO������.DUDoD\ÕU�6L\HQLWL¶�QLQ�MHRGLQDPLN�HYULP�PRGHOLQLQ�úHPDWLN�Jösterimi 
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'L÷HU� WDUDIWDQ�� oDOÕúPD� DODQÕQÕQ� KHPHQ� NX]H\LQGH�'HUHOL-ùHELQNDUDKLVDU�
DUDVÕQGD� \�]H\OHQHQ� JUDQLWR\LG� ND\DoODUÕQGD� %R]WX÷� YH� GL÷�� ������� WDUDIÕQGDQ�
JHUoHNOHúWLULOHQ�DSDWLW�ILVVLRQ-WUDFN�MHRWHUPRNURQRORML�\|QWHPL\OH�HOGH�HGLOHQ�\Dú-
yükseklik ve T-W�PRGHOOHPH�oDOÕúPDODUÕQGD�GD���-���0\�DUDVÕQGD�JHUoHNOHúHQ�YH�
\ÕOOÕN� \�NVHOPH� KÕ]Õ� �� PP¶GHQ� ID]OD� RODQ� oRN� KÕ]OÕ� WHNWRQLN� \�NVHOPH�
WDQÕPODQPÕúWÕU� 

.|VHGD÷� %DWROLWL¶� QLQ� \�]H\OHQPH� WDULKoHVL� LVH� DúD÷ÕGDNL� JLEL�
|QHULOPHNWHGLU��ùHNLO������� 

Neo-Tetisin kuze\�NROXQXQ� WDPDPÕ\OD� NDSDQPDVÕ�3DOHRVHQ-Alt Eosen’ e 

NDUúÕOÕN� JHOHQ� G|QHPGH� NÕWD-NÕWD� oDUSÕúPDVÕ� VRQXFX� JHUoHNOHúPLúWLU� �ùHQJ|U� YH�
<ÕOPD]�� ������� %X� G|QHPGH� PH\GDQD� JHOHQ� NÕWD-NÕWD� oDUSÕúPDVÕ� VRQXFXQGD�
$YUDV\D� OHYKDVÕ� LOH� 7RULG-$QDWROLG� SODWIRUPXQXQ� ø]PLU-Ankara-Erzincan kenet 

]RQX�ER\XQFD�NHQHWOHQPHVL�VRQXFX�WHN�ELU�OHYKD�GDYUDQÕúÕ�VHUJLOHPH\H�EDúOD\DQ�
$QDGROX�OHYKDVÕ��$YUDV\D�OHYKDVÕ�7RULG�$QDWROLG�SODWIRUPX��LOH�$UDS�OHYKDVÕQÕQ�
Bitlis-=DJURV� V�WXU� ]RQX� ER\XQFD� oDUSÕúPDVÕ� 2OLJRVHQ¶� GH� E|OJHVHO� |OoHNWH�
meydDQD� JHOHQ� HQ� |QHPOL� ROD\GÕU� �%HOODKVHQ� YH� GL÷��� ������ (OPDV� YH�<ÕOPD]��
������5REHUWVRQ�YH�GL÷��������� 

�'L÷HU� WDUDIWDQ�$QDGROX� OHYKDVÕ�YH�$UDS� OHYKDVÕ�DUDVÕQGD�PH\GDQD�JHOHQ�
EX� oDUSÕúPD� YH� oDUSÕúPD� VRQUDVÕ� OLWRVIHULN� GLOLP� NRSPDVÕQÕQ� \RO� DoWÕ÷Õ� JHULOPH�
rejLPLQLQ� NX]H\GH�.DINDV\D� YH� J�QH\GH� LVH�$UDS� OHYKDVÕQÕQ� NX]H\� NHVLPOHULQH�
NDGDU�X]DQDQ�ROGXNoD�JHQLú�DODQODUÕ�HWNLOHGL÷L�LOHUL�V�U�OPHNWHGLU��ùHQJ|U�YH�GL÷���
2003).   

%R]WX÷� YH� GL÷�� ������� WDUDIWDQ� 'R÷X� 3RQWLGOHU¶� GH� .RPSR]LW� .DoNDU�
%DWROLWL¶� QLQ� $UGHúHQ� �5ize)-øVSLU� �(U]XUXP�� DUDVÕ� NHVLPLQGH� \DSÕODQ� DSDWLW�
fission-WUDFN� MHRWHUPRNURQRORML� oDOÕúPDODUÕQGD� ��-���PLO\RQ�\ÕOOÕN� DSDWLW� ILVVLRQ�
WUDFN� \DúÕ� YH� \ÕOOÕN� ���-���� PP� \�NVHOLP� RUDQÕQD� VDKLS� oRN� KÕ]OÕ� ELU� WHNWRQLN�
\�NVHOPH�PRGHOLQL�RUWD\D�NR\PXúODUGÕU��%X�PRGHOOHPH�YH�\Dú�YHULOHULQL�E|OJHVHO�
ölçekte Oligo-0L\RVHQ¶�GH�$QDGROX�YH�$UDS�OHYKDVÕ�DUDVÕQGD�PH\GDQD�JHOHQ�YH�
$UDS�OHYKDVÕQÕQ�NX]H\�NHVLPOHUL� LOH�.DINDV\D�DUDVÕQGD�NDODQ�oRN�JHQLú�ELU�DODQÕ�
HWNLOH\HQ� oDUSÕúPD� VRQUDVÕ� JHULOPH\H� ED÷OÕ� WHNWRQLN� UHMLPLQ� �U�Q� olarak 

GH÷HUOHQGLUPLúOHUGLU� 
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8OXVR\� ������� YH� 8\VDO� YH� GL÷�� ������� WDUDIÕQGDQ� .X]H\� $QDGROX� )D\�
=RQX� �]HULQGH� \DSÕODQ� UDG\RPHWULN� \Dú� WD\LQL� oDOÕúPDODUÕ� VÕUDVÕQGD� 2OLJR-

0L\RVHQ¶�L�LúDUHW�HGHQ�DNWLYLWHOHU�VDSWDQPÕúWÕU�� 
.|VHGD÷� %DWROLWL¶� QGH� DSDWLW� ILVVLRQ track jeotermokronolojisi 

oDOÕúPDODUÕQGD� \Dú-\�NVHNOLN� GL\DJUDPÕ� YH� ]DPDQ-VÕFDNOÕN� PRGHOOHPHOHUL�
sonucunda elde edilen 28-��� PLO\RQ� \ÕOOÕN� \Dú� YHULVLQLQ� LúDUHW� HWWL÷L� oRN� KÕ]OÕ�
WHNWRQLN� DNWLYLWH\H� E|OJHVHO� |OoHNWH� $QDGROX� OHYKDVÕ� YH� $UDS� OHYKDVÕ� DUDVÕQGD�
Bitlis-=DJURV�V�WXU�]RQX�ER\XQFD�PH\GDQD�JHOHQ�oDUSÕúPDQÕQ�QHGHQ�ROGX÷X�LOHUL�
sürülmektedir.  

 

 

ùHNLO������.|VHGD÷�%DWROLWL¶�QLQ�MHRGLQDPLN�HYULP�PRGHOLQLQ�úHPDWLN�J|VWHULPL 
 

 

 

 

 

 

 

Ï$(6�]RQX�EX\XQFD�ELUOHÒHQ�$/�YH�7$3

$UDELVWDQ�$IULND
OHYKDVÐ��$$/�

GK

Bitlis-Zagros (BZ)
sütur zonu

Ï$(�V�WXU�]RQX�ER\XQFD�ELUOHÒPLÒ�$YUDV\D�/HYKDVÐ��$/��YH
7RULG�$QDWROLG�SODWIRUPXQXQ��7$3���2OLJR�0L\RVHQ©�GH

%LWOLV�=DJURV��%=��V�WXU�]RQX�ER\XQFD��$UDS�$IULND�/HYKDVÐ
�$$/��LOH�oDUSÐÒPDVÐ�VRQUDVÐQGD�NX]H\GH�.DINDVODU©�GDQ

J�QH\GH�$UDELVWDQ©�D�NDGDU�X]DQDQ�E|OJHGH�HWNLOL�RODQ�oDUSÐÒPD
VRQUDVÐ�JHULOPH�UHMLPLQH�EDÎOÐ�RODUDN�.|VHGDÎ�%DWROLWL©�QLQ

oRN�KÐ]OÐ�WHNWRQLN�\�NVHOPHVL
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7. SONUÇLAR 

.DUDoD\ÕU�6L\HQLWL��6LYDV�NX]H\L��YH�.|VHGD÷�%DWROLWL¶�QLQ��6XúHKUL-Sivas) 

zirkon 207Pb/ 2063E� \|QWHPL\OH� \HUOHúPH� \DúODUÕQÕQ� YH� DSDWLW� ILVVLRQ-track 

\|QWHPL\OH� \�NVHOPH� \DúÕ�� WLSL� YH� KÕ]Õ� LOH� ]DPDQ-VÕFDNOÕN� PRGHOOHPHVLQLQ�
LQFHOHQPHVL� NRQXOX� EX� oDOÕúPD� VRQXFXQGD� HOGH� HGLOHQ� YHULOHU� úX� úekilde 

VÕUDODQDELOLU�� 
 

1.� .DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶� QH� DLW� ND\Do� |UQHNOHUL� HVHU�
HOHPHQW� GH÷LúLP� GL\DJUDPODUÕQGD� LQFHOHQPLú� YH� ND\DoODUÕQ� \D\� YRONDQLNOHUL� YH�
]HQJLQOHúPLú� PDQWR\X� NDUDNWHUL]H� HGHQ� RN\DQXV� DGDVÕ� ED]DOWODUÕQD� �2$%�� RODQ�
benzerliNOHUL�GLNNDW�oHNPLúWLU� 

2.�.DUDoD\ÕU�\|UHVL�|UQHNOHULQLQ�ED]ÕODUÕ�YH�.|VHGD÷�\|UHVL�|UQHNOHULQLQ�WDPDPÕ�GDOPD-

EDWPD�]RQX�]HQJLQOHúPHVL�YH\D�NDEXNVDO�NLUOHQPH�\|QHOLPLQH�EHQ]HU�ELU�GD÷ÕOÕP�VHUJLOHPHNWHGLU� 
3.�.DUDoD\ÕU�6L\HQLWL�YH�.|VHGD÷�%DWROLWL�ND\Do�|UQHNOHULQGH�7K�]HQJLQOHúPHOHUL�J|]H�

oDUSPDNOD�ELUOLNWH�|UQHNOHULQ�E�\�N�ELU�NÕVPÕ�PHWDVRPDWL]PD\D�X÷UDPÕú�]HQJLQOHúPLú�PDQWR�
ND\QD÷Õ�YH�EXQXQ�\DQÕ�VÕUD�IUDNVL\RQHO�NULVWDOOHQPH�HWNLVL�J|VWHUHQ�ELU�GD÷ÕOÕP�VXQPDNWDGÕU� 

4.�.D\Do�|UQHNOHULQLQ�HWNLOHQGL÷L�PDQWR�PHWDVRPDWL]PDVÕ�LVH�WDPDPHQ�GDOPD-batma 

]RQX�PHWDVRPDWL]PDVÕ�VRQXFX�PH\GDQD�JHOPLúWLU�� 
5.�.DUDoD\ÕU�6L\HQLWL¶�QH�DLW�ND\Do�|UQHNOHULQL�WLSLN�RODUDN�DGDNLW�ELOHúLPL�

J|VWHUPHVLQH� NDUúÕQ� .|VHGD÷� %DWROLWL¶� QH� DLW� |UQHNOHU� LVH� QRUPDO� \D\� |]HOOL÷L�
sergilemektedir.  

6.� .|VHGD÷� %DWROLWL� ND\Do� |UQHNOHUL� DOW� NDEXN� �JUDQ�OLW��� \D\�� RUWDODPD�
NÕWDVDO�NDEXN��RN\DQXV�RUWDVÕ�VÕUWÕ�ED]DOWÕ��226%��JLEL�ROGXNoD�GH÷LúLN�N|NHQOHU�
VHUJLOHUNHQ�.DUDoD\ÕU�6L\HQLWL¶� QH� DLW� |UQHNOHU� LVH�\D\� YRONDQLNOHULQH� EHQ]HU�ELU�
köken sergilemektedir.   

7. A-WLSL�JUDQLWR\LGOHULQ�MHRGLQDPLN�NRQXPXQX�EHOLUOHPHGH�NXOODQÕODQ�GL\DJUDPGD�LVH�
.DUDoD\ÕU�6L\HQLWL�DQODPVÕ]�E|OJHGH�GD÷ÕOÕP�J|VWHUPHNOH�ELUOLNWH�ED]Õ�|UQHNOHU�IHOVLN�$-tipi 

ND\DoODU�E|OJHVLQGH�NRQXPODQPDNWDGÕU��.|VHGD÷�%DWROLWL�|UQHNOHULQH�EDNÕOGÕ÷ÕQGD�LVH�oR÷XQOXNOD�
felsik A-WLSL�ND\DoODU�E|OJHVLQGH�GD÷ÕOÕP�VXQDQ�|UQHNOHULQ�ELU�NÕVPÕ�\D\�JUDQLWOHUL�E|OJHVLQH�
G�úPHNWHGLU� 

8.�&XPKXUL\HW�hQLYHUVLWHVL�-HRORML�0�KHQGLVOL÷L�%|O�P��ODERUDWXYDUODUÕ�YH�
Technische Universitat (TU) Bergakademie Freiberg Jeoloji Enstitüsü 

ODERUDWXYDUODUÕQGD� �6DFKVHQ-Almanya) \DSÕODQ� PLQHUDO� D\ÕUPD� LúOHPOHUL�
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VRQUDVÕQGD� HOGH� HGLOHQ� ]LUNRQ� PLQHUDOOHUL� �]HULQGH� 207Pb/ 206Pb tek zirkon 

HYDSRUDV\RQ�\DúODQGÕUPD�oDOÕúPDODUÕ�\DSÕOPÕúWÕU��%X�oDOÕúPDODU�TU Bergakademie 

Freiberg MinerDORML� (QVWLW�V�� ø]RWRS� -HRNLP\DVÕ� YH� -HRNURQRORML�
ODERUDWXYDUODUÕQGD� �6DFKVHQ-Almanya) FINNIGAN MAT 262 model termal 

L\RQL]DV\RQ� N�WOH� VSHNWURPHWUHVLQGH� �7,06�� JHUoHNOHúWLULOPLúWLU�� .DUDoD\ÕU�
Siyeniti (BAL-���QROX� |UQHN�� YH�.|VHGD÷�%DWROLWL� �%$/-87 no’lu örnek) kayaç 

|UQHNOHULQGHQ� VHoLOHQ� ]LUNRQ� WDQHOHULQLQ� VDI� 5K¶GDQ� �UKHQ\XP�� \DSÕOPÕú�
HYDSRUDV\RQ� ILODPHQWL� LoLQH� J|P�OPHVL� YH� \�NVHN� ÕVÕ� �����-1260°C)-yüksek 

YDNXP�DOWÕQGD� \DSÕODQ� L\RQODúWÕUPD� oDOÕúPDODUÕ� VRQUDVÕQGD� 207Pb, 206Pb ve 204Pb 

L\RQODUÕQÕQ� KHU� ELUL� �� VDQL\H� JHFLNWLUPH� ]DPDQÕ� LOH� N�WOH� VSHNWURPHWUHVLQGH�
|Oo�OP�úW�U��+HU� ELU� ]LUNRQ� WDQHVL� LoLQ� ��� VD\ÕPGDQ� ROXúDQ� �� WDUDPD� HYUHVLQGH�
analiz edildikten sonra tek zirkon 207Pb/2063E� HYDSRUDV\RQ� \DúODUÕ� 6WDFH\� YH�
.UDPHUV� ������� WDUDIÕQGDQ� |QHULOHQ� ³FRPPRQ� 3E´� G�]HOWPHVL� YH� XOXVODU� DUDVÕ�
VWDQGDUWODU�HúOL÷LQGH�JHUoHNOHúWLULOPLúWLU��� 

9.� <DSÕODQ� EX� oDOÕúPDODU� VRQXFXQGD� .DUDoD\ÕU� 6L\HQLWL� 207Pb/ 206Pb tek 

]LUNRQ�HYDSRUDV\RQ�\DúÕ�99.0+�����PLO\RQ�\ÕO (Senomaniyen-Turoniyen) olarak 

VDSWDQPÕúWÕU�� .DUDoD\ÕU� 6L\HQLWL¶� QLQ� DUD]LGH� VHUJLOHPLú� ROGX÷X� NRQXP� LOH� GH�
X\XP� J|VWHUHQ� EX� \Dú� YHULVL� ELULPLQ� \HUOHúLP�LQWU�]\RQ� \DúÕ�
�HPSODFHPHQW�LQWUXVLRQ�DJH��RODUDN�NDEXO�HGLOPHNWHGLU��.|VHGD÷�%DWROLWL¶�QH�DLW�
]LUNRQ� WDQHOHUL� �]HULQGH� \DSÕODQ� oDOÕúPD� VRQXFXQGD� LVH� 207Pb/ 206Pb tek zirkon 

HYDSRUDV\RQ�\DúÕ�52.1+����PLO\RQ�\ÕO �$OW�(RVHQ�øSUHVL\HQ��RODUDN�VDSWDQPÕúWÕU��
Arazide Alt-2UWD�(RVHQ�\DúOÕ�ELULPOHULQ�LoHULVLQGH�VÕ÷�VRNXOXPOX�EDWROLW�úHNOLQGH�
\�]H\OHQHQ� YH� $OW� 0L\RVHQ� \DúOÕ� ODJ�QHU� NLUHoWDúODUÕ� WDUDIÕQGDQ� X\XPVX]OXNOD�
örtülen KöVHGD÷�%DWROLWL¶�QLQ�\HUOHúPH�LQWU�]\RQ�\DúÕ�RODUDN�����+����PLO\RQ�\ÕO�
�$OW�(RVHQ�øSUHVL\HQ��|QHULOPHNWHGLU�� 
 

10.�.DUDoD\ÕU�6L\HQLWL¶�QGH�DUD]LGHNL�J�QFHO�PRVWUDGD�WRSR÷UDILN�RODUDN�����
P¶� OLN� G�úH\� \�NVHNOLN� IDUNÕQD� VDKLS� SURILO� ER\XQFD� WRSODP� �� |UQHN�� .|VHGD÷�
%DWROLWL¶� QGH� LVH� �����P¶� OLN�ELU�\�NVHNOLN� IDUNÕQD� VDKLS�ELU�SURILO� ER\XQFD�� ���
DGHW�|UQHN�DOÕQPÕúWÕU��%X�|UQHNOHU��]HULQGH�\DSÕODQ�PLQHUDO�D\UÕPD���&XPKXUL\HW�
hQLYHUVLWHVL� -HRORML� 0�KHQGLVOL÷L� %|O�P�� .ÕUPD� g÷�WPH� ODERUDWXYDUODUÕ� LOH�
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Maden MühendisOL÷L� %|O�P�� &HYKHU� +D]ÕUODPD� ODERUDWXYDUODUÕ� YH� TU 

Bergakademie Freiberg Jeoloji Enstitüsü (Sachsen-$OPDQ\D�� ODERUDWXYDUODUÕQGD� 
LúOHPOHUL� VRQUDVÕQGD� HOGH� HGLOHQ� DSDWLW� PLQHUDOOHUL� �]HULQGH� \DSÕODQ� DúÕQGÕUPD��
SDUODWPD�LúOHPOHUL�\DSÕOPÕúWÕU��<Dú�YHULOHUL�LoLQ�NXOODQÕODFDN�RODQ�SUHSDUDWODU�fosil 

L]OHULQ�RUWD\D�oÕNPDVÕ�LoLQ����¶O�N�+123��QLWULN�DVLW��LoLQGH����VDQL\H�GD÷ODQGÕNWDQ�
sonra 50 µP� NDOÕQOÕ÷ÕQGD� XUDQ\XP� LoHUPH\HQ� PXVNRYLW� GÕú� GHGHNW|U� LOH�
NDSDWÕOPÕúWÕU�� 7HFKQLVFKH� 8QLYHUVLWlW� 0�QFKHQ¶GHNL� �*DUFKLQJ-München, 

Germany) yeni FRM-,,� DUDúWÕUPD� UHDNW|U�Q�Q� KLGUROLN� NDQDOÕQGD� LNL� D\UÕ�
LUUDG\DV\RQ� LoLQGH� WHUPDO� Q|WURQODUOD� LUUDGL\DV\RQ� LúOHPLQH� WDELL� WXWXOPXúWXU��
øUUDG\DV\RQGDQ� VRQUD�� � GÕú� GHGHNW|UOHUGHNL� Q�NOHHU� UHDNW|UGH� LUUDG\DV\RQOD�
ROXúWXUXOPXú� L]OHU� ���¶OÕN� +)� LoLQGH� ��� GDNLND� NLP\DVDO� GD÷ODPD� LúOHPLQH�
X÷UDWÕOPÕúWÕU��ø]�VD\ÕPODUÕ�����E�\�WPHOL�2O\PSXV�%;���PLNURVNRSWD�JHoLULPOL�ÕúÕN�
DOWÕQGD� \DSÕOPÕúWÕU� ø]-uzunluk ölçümleri Autoscan-Easylength modülü sunan 

7UDFNVFDQ� ELOJLVD\DU� \D]ÕOÕPOÕ� ELU� ELOJLVD\DUD� ED÷OÕ� GLMLWDO� PDVD\D� VDKLS� �����
büyütmeli =HLVV�$[LRSODQ�PLNURVNRSWD�\DSÕOPÕúWÕU��+DSVROPXú�L]OHUL�\HWHUOL�VD\ÕGD�
DoÕ÷D�oÕNDUPDN� LoLQ��SUHSDUDWODU��*HVHOOVFKDIW� I�U�6FKZHULRQHnforschung (GSI)’da 

(Darmstdat-Germany) yüzey normali ile 15°�DoÕ�\DSDFDN�úHNLOGH���5 MeV enerjili 

U-L\RQODUÕ� ÕúÕQODQPÕúWÕU�� +DSVROPXú� \DWD\� SDUoDODQPD� L]OHULQLQ� |Oo�P�� VÕUDVÕQGD�
KHU� ELU� SUHSDUDWWDQ� ���� \DWD\� KDSVROPXú� L]� X]XQOX÷X� |Oo�OP�úW�U�� ����� LoHUHQ�
|UQHNOHUGH�LVH�W�P�L]OHULQ�X]XQOX÷X�|Oo�OP�úW�U�� 

11.� <DSÕODQ� EX� UDG\RPHWULN� \Dú� WD\LQL� oDOÕúPDODUÕ� VRQXFXQGD� .DUDoD\ÕU�
Siyeniti için 58.4 +� ����PLO\RQ� \ÕO� LOH� �����+� ����PLO\RQ� \ÕO� DUDVÕQGD� GH÷LúHQ�
\DúODU� (Orta Paleosen/Selandian)� HOGH� HGLOPLúWLU�� <Dú-\�NVHNOLN� GL\DJUDPÕQGD�
GH÷HUOHQGLULOHQ�EX�\Dú�YHULOHUL��\ÕOOÕN�\�NVHOPH�KÕ]Õ���PP¶GHQ�Gaha fazla olan çok 

KÕ]OÕ� KÕ]OÕ� WHNWRQLN� \�NVHOPH\L (extremely fast tectonic uplift) karakterize 

etmektedir.  

.|VHGD÷�%DWROLWL��]HULQGH�\DSÕODQ�DSDWLW� ILVVLRQ-WUDFN�oDOÕúPDODUÕ� VRQXFX�
28.3 +� ����PLO\RQ� \ÕO� LOH� �����+ 1.2  milyon� \ÕO� DUDVÕQGD� GH÷LúHQ� \DúODU (Üst 

Oligosen)�HOGH�HGLOPLúWLU��.|VHGD÷�%DWROLWL¶�QLQ�\�]H\OHQPHVL�HVQDVÕQGD�\ÕOGD���
PP¶� GHQ� GDKD� ID]OD� RODQ� \�NVHOPH� KÕ]ÕQD� VDKLS� ROGX÷X� KHP� \Dú-yükselim 
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GL\DJUDPÕQGD� KHPGH� L]� X]XQOXN� |Oo�POHUL� VRQXFX� HOGH� HGLOHQ� 7-t modelleme 

GL\DJUDPODUÕQGD�ELUELUOHUL�Lle uyumlu sonuçlar vermektedir.  

12.� .DUDoD\ÕU� 6L\HQLWL� YH� .|VHGD÷� %DWROLWL¶� QLQ� MHRGLQDPLN� HYULPLQH�
EDNÕOGÕ÷ÕQGD�� 6HQRPDQL\HQ-Türoniyende meydana gelen TAP ve okyanusal ada 

\D\Õ� oDUSÕVPDVÕQD� ED÷OÕ� RODUDN� PH\GDQD� JHOHQ� YH� D\QÕ� ]DPDQGD� .DPSDQL\HQH�
kadar devDP� HGHQ� oDUSÕúPD� VRQUDVÕ� OLWRVIHULN� GLOLP� NRSPDVÕ� YH� NRSDQ� GLOLPLQ�
DVWHQRVIHUH� EDWPDVÕ� V�UHoOHULQLQ� \RO� DoWÕ÷Õ� JHULOPH� UHMLPL\OH� PH\GDQD� JHOHQ�
.DUDoD\ÕU� 6L\HQLWL� 3DOHRVHQGH� ø$(� NHQHW� ]RQX� ER\XQFD� 7$3� YH� $/� DUDVÕQGD�
PH\GDQD� JHOHQ� NÕWD-NÕWD� oDUSÕúPDVÕ� VRQXFXQGD� \ÕOOÕN� \�NVHOLPL� ��PP¶GHQ� GDKD�
KÕ]OÕ� RODQ� oRN� KÕ]OÕ� ELU� WHNWRQLN� \�NVHOPH� UHMLPL� DOWÕQGD� \�NVHOHUHN� HYULPLQL�
WDPDPODPÕúWÕU� 

.|VHGD÷�%DWROLWL¶�QLQ���-���PLO\RQ�\ÕO�DUDVÕQGD�GH÷LúHQ�\�]H\OHQPH�\DúÕ�
YH� EX� \�]H\OHQPH� HVQDVÕQGDNL� oRN� KÕ]OÕ� WHNWRQLN� DNWLYLWH bölgesel ölçekte 

GH÷HUOHQGLULOGL÷LQGH�� 2OLJR-0L\RVHQ¶� GH� $QDGROX� OHYKDVÕ� YH� $UDS� OHYKDVÕ�
DUDVÕQGD� %LWOLV-=DJURV� V�WXU� ]RQX� ER\XQFD� PH\GDQD� JHOHQ� oDUSÕúPDQÕQ� QHGHQ�
ROGX÷X�G�ú�Q�OPHNWHGLU�� 
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0�KHQGLVOL÷L�%|O�P�QGH�|÷UHQLPLQH�GHYDP�HWPLúWLU�������\ÕOÕQGD�EX�E|O�PGHQ�
E|O�P� ELULQFLVL� RODUDN�PH]XQ� ROPXú� YH� D\QÕ� \ÕO� 6LYDV�&XPKXUL\HW�hQLYHUVLWHVL�
Fen Bilimleri� (QVWLW�V�� -HRORML� 0�KHQGLVOL÷L� 0LQHUDORML-Petrografi anabilim 

GDOÕQGD�\�NVHN�OLVDQV�SURJUDPÕQD�EDúODPÕúWÕU��<�NVHN�OLVDQV�oDOÕúPDODUÕ�VÕUDVÕQGD�
2.5 ay Institut für Geowissenschaften, Technische Universitat Bergakademie 

Freiberg (Sachsen, Germany)’de apatit fission-WUDFN�oDOÕúPDODUÕ�\DSPÕúWÕU�� 
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(.�$��.$5$d$<,5�6ø<(1ø7ø�9(�.g6('$ö�%$72/ø7ø¶�1ø1�237ø.�0ø.526.23�ø1&(/(0(�6218d/$5, 
øQFHOHPH�<|QWHPOHUL Birim Örnek No Ana 

Doku 
Bozunma ve Özel 

Dokular 
0LQHUDORMLN�%LOHúLP 

ø. 207Pb/206Pb  AFT 
.D\Do�$GÕ 

BAL-74 tanesel NDUE��VUV��NOú Pl, Or, Mu, Bt, Zrn, Ap + + + siyenit 
BAL-75 tanesel SHUW��NDUE��NOú��DQU Or, Pl, Ab, Qtz, Hbl, Ms, Tnt, 

Ap, Zrn 
+  + ku siyenit 

BAL-76 tanesel NDUE��NOú��VUV��SHUW Or, Pl, Ab,Qtz, Bt, Ms, Tnt, 
Ap, Zrn 

+  + siyenit 

BAL-77 tanesel NDUE��NOú��SHUW Or, Pl, Ab,Qtz, Hbl, Tnt, Ap +  + ku monzonit 
BAL-78 tanesel NDUE��NOú��VUV Or, Pl, Qtz, Hbl, Bt,  Tnt, Ap +  + ku monzonit 

 
.D

UDo
D\Õ

U�6
L\H

QLW
L 

BAL-79 tanesel NDUE��NOú��VUV Or, Pl, Hbl, Ap +  + siyenit 
BAL-85 tanesel NOú��VUV��SHUW��LDS  Or, Pl, Ab, Qtz, Bt,  Ap +  + ku AF siyenit 
BAL-86 tanesel NOú��VUV��DQU Or, Pl, Qtz, Bt, Hbl, Aug, 

Tr/Act, Ap, 
+  + ku monzonit 

BAL-87 tanesel pert, iap Or, Pl, Ab,Qtz, Bt, Aug, 
Tr/Act, Ap, Zrn 

+ + + ku siyenit 

BAL-88 tanesel NOú��VUV Or, Pl, Qtz, Hbl, Aug, Tr/Act, 
Ap, Zrn 

+  + ku monzonit 

BAL-89 tanesel NOú��VUV��NO Or, Pl, Qtz, Bt, Ap, Zrn, Tur, 
Chl 

+  + ku siyenit 

BAL-90 tanesel NOú��VUV��NO��NDUE��LDS��DQU Or, Pl, Qtz, Bt, Ms, Tr/Act, 
Ap, Zrn, Chl 

+  + ku siyenit 

BAL-91 tanesel NOú��VUV��NO Or, Pl, Qtz, Bt, Ap, Tur +  + ku siyenit 
BAL-92 tanesel NOú��VUV Or, Pl, Bt, Aug, Ap +  + siyenit 
BAL-93 tanesel NOú��VUV��NO��DQU Or, Pl, Qtz, Bt, Tr/Act, Ap, 

Chl 
+  + ku siyenit 

BAL-94 tanesel NOú��kl, anr Or, Pl, Bt, Tur, Ap, Chl +  + siyenit 
BAL-95 tanesel NOú��VUV��NO��DQU Or, Pl, Aug, Ap +  + siyenit 
BAL-96 tanesel NOú��VUV��SHUW��LDS Or, Pl, Qtz, Bt,  Hbl, Tr/Act, 

Ap 
+  + ku siyenit 

BAL-97 tanesel NOú��VUV Or, Pl, Bt, Tr/Act, Ap +  + AF siyenit 
BAL-98 tanesel NOú��VUV��RS Or, Pl, Bt, Aug, Ap +  + siyenit 

 
K

ös
eGD

÷�%
DWR

OLWL
 

BAL-99 tanesel NOú��VUV��NO��DQU Or, Pl, Qtz, Bt, Tr/Act, Ap +  + siyenit 
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.ÕVDOWPDODU�  
ø.��øQFH�.HVLW��AFT:�$SDWLW�)LVVLRQ�7UDFN��3DUoDODQPD�ø]L���207Pb/206Pb: 207Pb/206Pb tek zirkoQ�HYDSRUDV\RQ�\DúÕ� 

 

0LQHUDO�NÕVDOWPDODU� 
  Or: ortoklaz, Pl: plajiyoklaz, Ab: albit, Bt: biyotit, Ms: muskovit, Hbl: hornblend, Aug: ojit, Tr/Act: tremolit/aktinolit, Clh: klorit, Ap: 

apatit, Tnt: titanit, Zrn: zirkon, Tur: turmalin, Chl: klorit, Op: opak mineral 

 

Özel doku ve bozunma türleri:  

anr: antirapakivi dokusu, iap:� L÷QHPVL� DSDWLW�� dnk: denge kristalizasyonu, NOú�� NLOOHúPH�� kl:� NORULWOHúPH�� srs:� VHULVLWOHúPH�� pert: 

SHUWLWOHúPH��karb:�NDUERQDWODúPD��op:�RSDVLWOHúPH 
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EK BÖLÜM B: 207Pb/2063E� 7(.� =øRKON EVAPORASYON 

<g17(0ø1ø1�7(0(/�35(16ø3/(5ø 
 

 1.207Pb/2063E�<$ù,�ødø1�7(.�=ø5.21�7$1(6ø1'(�dø)7�)ø/$0$1�
7(50$/�ø<21�.$<1$ö,�.8//$1$5$.�7h0�7$1(�
(9$325$6<218�$5$ù7,50$/$5, 
 øON�NH]�.REHU��������WDUDIÕQGDQ�RUWD\D�NRQDQ�YH�JHOLúWLULOHQ�EX�PHWRW�LoLQ�
\DSÕODQ�oDOÕúPDODU�DúD÷ÕGD�|]HWOHQPHNWHGLU��.REHU��������������� 
 øúOHQPHPLú� ]LUNRQ� WDQHOHULQGHQ� ������ PP�� GLUHN� RODUDN� UDG\RMHQLN�
NXUúXQXQ� WHUPDO� HYDSRUDV\RQX� LOH� 207Pb/2063E� EHOLUOL� \DúODUÕQÕQ� DQDOL]L� LoLQ� ELU�
WHNQLN� JHOLúWLULOPLú� YH� WHVW� HGLOPLúWLU�� (YDSRUDV\Rn analizleri termal iyon kütle 

spektrometrsinde (thermal ion mass spectrometers/ThIMS) çift filaman 

NXOODQÕODUDN� \DSÕOÕU�� %X� PHWRW� D\QÕ� WDQH� LoHULVLQGHNL� NXUúXQ� L]WRSODUÕQÕQ�
IDUNOÕOÕNODUÕQÕ� D\ÕUW� HWPHN� LoLQ� NXOODQÕODQ� J�oO�� ELU� DUDoWÕU�� %X� IDUNOÕOÕN�
evaporDV\RQ�VÕUDVÕQGD�]LUNRQGDNL�NXUúXQ�L]RWRSODUÕQÕQ�DUDVÕQGD�JHOLúHQ�DNWLYDV\RQ�
HQHUMLVL�IDUNOÕOÕ÷ÕQGDQ�ND\QDNODQÕU��.REHU�������� 
.REHU� ������� WDUDIÕQGDQ� RUWD\D� DWÕODQ� EX� PHWRGXQ� JHOLúWLULOPHVL� LoLQ� oHúLWOL�
|UQHNOHU� �]HULQGH� GHQHPHOHU� \DSÕOPÕúWÕU� YH� WHVW� |UQHklerinden elde edilen 

evaporasyon sonucunda elde edilen 207Pb/2063E�\DúODUÕ�EX�|UQHNOHULQ�OLWHUDW�UGHQ�
ELOLQHQ�8�3E�\DúODUÕ�LOH�X\XPOX�VRQXoODU�YHUPLúWLU��gUQH÷LQ� 
♦ .DOLIRUQL\D� 0DUEOH� 'D÷ODUÕ¶� QGDQ� DOÕQPÕú� RODQ� JUDQLW� |UQHNOHULQLQ�

NULVWDOL]DV\RQ�\DúODUÕ����0+���PLO\RQ�\ÕO 
♦ $÷ÕU� PLQHUDO� LoHUHQ� oDNÕOODUGDQ� DOÕQPÕú� ³&H\ORQ´� ]LUNRQODUÕQGD� ���+40 

PLO\RQ�\ÕO��oDNÕOODUÕ�ROXúWXUDQ�SHJPDWLWLN�ND\QD÷ÕQ�NULVWDOOHQPH�\DúÕ� 
♦ Güney Schwarzwald (GB Almanya)’ da bir diateksitedeki her bir heterojen 

]LUNRQ� WRSOXOX÷X� LoHULVLQGH� VDSWDQDQ� \DúODU� ���� PLO\RQ� \ÕO� FLYDUÕQGD�
EXOXQPXúWXU� PHWDPRUILN� ]LUNRQ� ROXúXPXQD� LúDUHW� HWPHNWHGLU� YH� 2UWD�
3UHWHUR]RLN�NDOÕQWÕODUÕ�YDUGÕU��� 
(YDSRUDV\RQ� DQDOL]OHUL�� ]LUNRQ� \R÷XQOX÷XQD� ED÷OÕ� RODQ� 8�3E� DQDOL]OHUL� LOH�

ortaya konan diskordans-\|QHOLPOHUH� EDNÕOPDNVÕ]ÕQ� LQFHOHQHQ� W�P� ]LUNRQODUÕQ�
NULVWDOLQ� DODQODUÕQGDNL� NDSDOÕ� VLVWHP�8�3E� HYULPLQL� J|VWHULU�� %X� QHGHQOH� ]LUNRQ�
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|UQHNOHULQGHNL� 8�3E� GD÷ÕOÕPÕQGDQ� HOGH� HGLOHQ� GLVNRUGL\D-H÷ULVLQLQ� HVDVÕ� ID]�
NDUÕúÕPODUÕQGDQ� GROD\Õ� ROPDOÕGÕU�� .ULVWDOLQ� DODQGDNL� NXUúXQ� L]RWRSODUÕ�
NRQNRUGDQGÕU� YH� EXQODU� NDUÕúÕP� GL]LOLPLQL� VRQ� �\HOHULGLU�� $oÕN� VLVWHP� úHNOLQGH�
GDYUDQÕUODU�YH�8�3E�IUDNVL\RQX�\DOQÕ]FD�G�ú�N�3E�DNWLYDV\RQ�HQHUMLVL�LOH�ED÷ODQWÕOÕ�
ROPDOÕGÕU��gUQH÷LQ��PHWDPLNWLN�]LUNRQODU� 
 =LUNRQ� PLQHUDOOHUL� MHRNURQRORMLN� DUDúWÕUPDODU� LoLQ� NXOODQÕODQ� HQ� |QHPOL�
PLQHUDOOHU� DUDVÕQGD�\HU� DOPDNWDGÕU��%HOLUOL� úDUWODUGD�]LUNRQ�PLQHUDOOHULQLQ�NULVWDO�
NDIHVOHUL� ROGXNoD� GD\DQÕNOÕGÕU� YH� DOWHUDV\RQ�� PHWDPRUIL]PD� YH\D� PDJPDWLN�
ROD\ODUD�UD÷PHQ�NULVWDOOHQPH�]DPDQÕQGDNL�8�3E�L]RWRS�ELOJLOHUL�J�Q�P�]e kadar 

VDNODQDELOPHNWHGLU��.DSDOÕ�VLVWHP�GDYUDQÕúÕQÕ�\DSÕVDO�|]HOOLNOH�YH�UDG\RDNWLI�HVHU�
HOHPHQWOHU�HWNLOH\HELOLU��<�NVHN�8�YH�7K�LoHULNOHUL�GH÷LúLN�GHUHFHOHUGH�UDG\DV\RQ�
KDVDUODUÕQD� QHGHQ� RODELOLU� YH� E|\OHFH� 8�� 7K� YH� 3E¶� XQ� oR÷DOPD� YH\D� D]DOPD�
ROD\ODUÕQÕ�DUWWÕUÕU��%X�QHGHQOH�D\QÕ�RUWDPGDNL�IDUNOÕ�]LUNRQODU�LoHULVLQGHNL�L]RWRSLN�
VDDW� YH\D� WHN� ]LUNRQ� WDQHVLQLQ� IDUNOÕ� DODQODUÕQGDNL� L]RWRSLN� VDDW� PHWDPRUILN�
úDUWODUD� NDUúÕOÕN� GH÷LúHELOLU�� %DVLW� GXUXPODUD� NDUúÕ� NRQNRUGL\D-H÷ULOHULQGH�
³GLVNRUGL\D�NDUúÕODúWÕUPDODUÕ´�NXOODQÕODUDN�]LUNRQ�IUDNVL\DQODUÕQÕQ�IDUNOÕ�W�UOHULQLQ�
8�3E� DQDOL]OHUL� LOH� ELU� ]LUNRQGDQ� IDUNOÕ� MHRNURQRORMLN� ELOJLOHU� HOGH� HGLOHELOLU�
(Wetherill, 1956). Çok taneli çok taneli zirkon örneklerindeki U/Pb izotop 

GD÷ÕOÕPÕQÕQ� MHRORMLN� RODUDN� WDúÕGÕ÷Õ� DQODP� SROLPHWDPRUIL]PD� LOH� DQODúÕOPDVÕ�
ROGXNoD�J�o�ELU�KDO�DODELOLU��dRN� IDUNOÕ� ]DPDQODUGD�ELU�DUD\D�JHOHQ�NULVWDOOHUGHQ�
HOGH� HGLOHQ� VRQXoODU� EDVLW� NRQNRUGL\D�GLVNRUGL\D� GL\DJUDPODUÕQGD� J|]GHQ�
NDoDELOLU��6WHLJHU�YH�:DVVHUEXUG��������$OOHJUH�YH�GL÷���������� 
 BLU�]LUNRQ� WRSOXOX÷XQGDNL�NDUÕúÕN� MHRNURQRORMLN�ND\ÕWODUÕ�RUWD\D�oÕNDUPDN�
LoLQ�� KHU� ELU� N�o�N� ]LUNRQ� WDQHVLQLQ� DQDOL]� HGLOPHVLQH� RODQDN� VD÷OD\DQ�PHWRWODU�
JHOLúWLULOPLúWLU��.URJK��������7DWVXPRWR�YH�GL÷���������7HUD�YH�:DVVHUEXUJ��������
/DQFHORW�YH�GL÷���������3LQ�YH�/DQVHORW��������2EHUOL�YH�GL÷����������%X�W�U�WHN-

WDQH�V�UHoOHUL�NXOODQÕODUDN�\DSÕODQ�oHúLWOL�oDOÕúPDODUGD�KHU�ELU�]LUNRQGD�8��7K��3E�
L]RWRSODUÕ� LOH� WDúÕQDQ� MHRNRQRORMLN� ELOJLOHU� EDúDUÕOÕ� ELU� úHNLOGH� o|]�POHQPLúWLU�
�|UQH÷LQ�� /DQFHORW� YH� GL÷��� ������ 3LQ� YH� /DQVHORW�� ������2EHUOL� YH� GL÷��� �������
)DNDW� EX� V�UHoOHU� ]LUNRQODUÕQ� KÕ]OÕ� NULVWDO� E�\�PHOHUL� YH\D� NULVWDOGH� Lo� LoH�
E�\�PHOHUOH�YH�NULVWDO�ROPD\DQ�]LUNRQ�DODQODUÕ��DPRUI�MHOOHU��/LYDSR�YH�GL÷���������
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ùHNLO� ����� LOH� NDUDNWHUL]H� HGLOGL÷L� NDUPDúÕN� ELOHúLPOL� GXUXPODUGD� KDWDOÕGÕU��
7DQHFLNWHNL� DPRUI� ID]ODU� |UQH÷LQ� DOWHUDV\RQXQ� QHGHQ� RODELOFH÷L� �6WHLJHU� YH�
:DVVHUEXUG�� ������ NDUPDúÕN� 8�7K�3E� IUDNVL\RQODUÕ� VXQDELOLUOHU�� 8�3E� L]RWRS�
GD÷ÕOÕPÕQÕQ� HYULPL� ]LUNRQ� ROPD\DQ� ]LUNRQ� ROPD\DQ� NDSDQÕPODUGDQ� ND\QDNODQDQ�
L]RWRSODUOD�YH��DQDOLWLN�RODUDN��NLP\DVDO�GDYUDQÕú�VÕUDVÕQGDNL�HOHPHQW�IUDNVL\RQX�
LOH�GDKD�NDUPDúÕN�ELU�KDO�DODELOLU� 
 

HQ�HVNL
oHNLUGHN

DÒÐQPÐÒ
NHQDU

NULVWDOLQ�PDWULNV
�JHQHOOLNOH�]RQOX�

PHWDPLNWLN
�NVÐPODU

�MHO��DPRUI�

NDSDQÐPODU
�VÐYÐ��NDWÐ�

 

 

ùHNLO�������=LUNRQ�NULVWDOLQLQ�Lo\DSÕVÕQÕQ�úHPDWLN�J|VWHULPL��=LUNRQODU�JHQHOOLNOH�WDQHGHQ�
WDQH\H�GH÷LúHELOHQ�YH�DoÕNoD�J|]OHQHELOHQ�NDUPDúÕN�ELOHúLPOHU�J|VWHULUOHU��7DQHOHU�
PHWDPLNWL]DV\RQ�JHOLúLPL�� DPRUI��YH�NULVWDOLQ�DODQODU�LOH�NDUDNWHUL]H�HGLOHELOLU��
*HQo�PDWHU\DOOHU�WDUDIÕQGDQ�VDUÕODQ�NDOÕQWÕ�oHNLUGHN�J|]OHQHELOLU��7DQHOHU�oHúLWOL�
W�UOHUGH�NDSDQÕPODU�LoHUHELOLU�YH�KLGURWHUPDO�DOWHUDV\RQ�LOH�DúÕQGÕUÕODELOLU�� 

    

 dRN� ID]OÕ� ]LUNRQODUÕQ� DQDOL]L� D\QÕ�PLQHUDO� LoHULVLQGH�EXOXQDQ� IDNDW� IDUNOÕ�
ROD\ODUOD� PH\GDQD� JHOHQ� GH÷LúLN� ID]ODU� DUDVÕQGDNL� IL]LNVHO� D\UÕPÕ� VD÷OD\DQ�
PHWRWODU� JHUHNWLULU�� ø\RQ� PLNURSURS� N�WOH� VSHNWURPHWUHVL� LOH� NULVWDOLQ� IDUNOÕ�
E|OJHOHULQLQ�o|]�POHQPHVL�IDUNOÕ�NXUúXQ�ELOHúHQOHULQLQ�DQDOL]L�LoLQ�ROGXNoD�L\L�ELU�
\DNODúÕPGÕU��dHúLWOL�3UHNDPEUL\HQ�]LUNRQ� WDQHOHUL�YH�EX�]LUNRQODUÕQÕQ�KHU�ELULQLQ�
8�3E� L]RWRS� GD÷ÕOÕPODUÕ� RUWD� LOH� \�NVHN� N�WOH� o|]�Q�UO�NO�� N�WOH� DQDOL]L� \DSDQ�
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aletlHU�NXOODQÕODUDN�EDúDUÕOÕ�ELU�úHNLOGH�DQDOL]�HGLOPLúWLU��+LQWKRUQH�YH�GL÷���������
&RPSVWRQ� YH� GL÷��� ������:LOOLDPV� YH� GL÷��� ������� )DNDW� EX� WHNQLNOHU� KRPRMHQ�
NÕVÕPODUÕ�ROGXNoD�N�o�N�RODQ� ����-1 µm; Shukolyukov, 1964) her bir zikon için 

\DOQÕ]FD� ��-40 µm’lik� o|]�POHPH� LOH� VÕQÕUOÕGÕU�� hVWHOLN� ø\RQ� SURS� N�WOH�
VSHNWURPHWUHVL�]DPDQ�DOÕFÕ�YH�NDUPDúÕN�|UQHN�KD]ÕUODPD�JHUHNWLUGL÷L�NDGDU�\DUDUOÕ�
izotop verilerini garantilemek için düzeltme ve kalibrasyon süreçleri gerektirir 

�+LQWKRUQH� YH� GL÷��� ������� 5XWLQ� X\JXODPDODU� \DOQÕ]FD� ELU� NDo� ODERUDWXYDUGD�
\DSÕOGÕ÷ÕQGDQ�GROD\Õ�DUDúWÕUPDODUÕQ�VD\ÕVÕ�ROGXNoD�VÕQÕUOÕGÕU�� 
 %X� \|QWHPL� WDNLEHQ� WHN� ]LUNRQ� NULVWDOLQGH� IDUNOÕ� NXUúXQ� ELOHúHQOHULQLQ�
D\UÕPÕQD� L]LQ� YHUHQ� DOWHUQDWLI� \DNODúÕPODU� VXQXOPXúWXU�� %X� \DNODúÕPODU�� KDVVDV�
süreçleUH�ED÷OÕ�GH÷LOGLU�DQFDN�IL]LNRNLP\DVDO�DQODPGD�NXUúXQ�ELOHúHQOHULQL�D\ÕUÕU�� 
 

 �����.�WOH�6SHNWURPHWUHVLQGH�.XUúXQ�ø]RWRS�$QDOL]L�øoLQ�(YDSRUDV\RQ�
Teknikleri 

 dRN� \|QO�� ROD\ODU� WDUDIÕQGDQ� PH\GDQD� JHWLULOHQ� NXUúXQ� L]RWRS�
GD÷ÕOÕPODUÕQÕQ� MHRNURQRORMLN�o|]�POHPHVL�\DSÕODELOLU��o�QNL� WHN�]LUNRQ�WDQHVLQGH�
EXOXQDQ�IDUNOÕ�NXUúXQ�ELOHúHQOHUL�LoLQ�NDWÕODúPDQÕQ�oHúLWOL�W�UOHUL�YDUGÕU��UDG\RMHQLN�
YH�YH\D� \D\JÕQ� NXUúXQ� L]RWRS� GD÷ÕOÕPODUÕ� WDUDIÕQGDQ� EHOLUWLOGL÷L� JLEL� DNVHVXDU�
NXUúXQ�ELOHúHQOHUL� NULVWDO� NDIHVLQGH� \DOQÕ]FD� oRN� ]D\ÕI�ELU� úHNLOGH�DEVRUEH�HGLOLU�
YH\D� NÕUÕN� YH\D� oDWODNODU� LoHULVLQGH� \DNDODQÕU�� .DUÕúÕN� V�UHoOHULQ� ROPDGÕ÷Õ� YH�
UDG\DVRQGDQ� KDUDS� RODQ� KDVDUOÕ� E|OJHOHU� DPRUI� MHO� \DSÕODUÕ� LOH� LIDGH� HGLOLU�� %X�
\DSÕODU�WHN�EDúODUÕQD�JHQHOOLNOH�WDQHOHU�oHULVLQGH�N�o�N�DOanlarda sub-mikroskobik 

|OoHNWH�PH\GDQD�JHOLU�IDNDW�NULVWDOOHU��]HULQGH�JHQLú�DODQODUGD�EDVNÕQ�RODELOLUOHU��
%X�PHWDPLNWLN� ]RQODU�YH�EX�]RQODU� LoHULVLQGH�PH\GDQD�JHOHQ� UDG\RMHQLN�NXUúXQ�
G�ú�N�GHUHFHOL�PHWDPRUILN��]HUOHPHOHUGH� ROGX÷X�NDGDU� DOWHUDV\RQ�YH\D� J|mülü 

ND\DODUÕQ� \�NVHOLPL� VÕUDVÕQGDNL� EDVÕQo� IHUDKODPDVÕQGD� ID]ODVÕ\OD� KDVVDVWÕU�
�+ROODQG� YH� *RWWIULHG�� ������ &DWDQ]DUR� YH� .XOS�� ������ 6WHUQ� YH� GL÷��� ������
3LGJHRQ�YH�GL÷���������������*ROGLFK�YH�0XGUH\��������2RVWKX\]HQ�YH�%XUJHU��
1973; Sommerauer, 1976; Zartman, 1982). Yeniden kristallenme, dehidrasyon ve 

NLP\DVDO� o|]�QPH� ROD\ODUÕ� DPRUI� ]LUNRQ� DODQODUÕQGDNL� NXUúXQ� L]RWRSODUÕQÕQ�
DNWLYDV\RQ� HQHUMLOHULQLQ� GL�ú�N� ROPDODUÕQGDQ� GROD\Õ� NXUúXQ� ND\EÕQÕQ� ID]OD�
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ROPDVÕQD� QHGHQ� ROXUODU� ����-���� H9�� 7LOWRQ�� ������� 'L÷HU taraftan zirkon 

WDQHOHULQLQ�NULVWDOLQ�DODQODUÕ�oRN�GDKD�ID]OD�WXWXFXGXU��3E�DNWLYDV\RQ�HQHUMLVL�����-

���� H9�� 0DPHGRY�� ������ 6KHVWDNRY�� ������� %X� QHGHQOH� NXUúXQ�� NULVWDOLQ�
DODQODUGDQ�\�NVHN�GHUHFHOL�úDUWODUGD��!���.����oC, Sommerauer, 1976) harekete 

geçer.�=LUNRQ�DODQODUÕQÕQ�\DSÕVÕQGDNL� IDUNOÕOÕNWDQ�GROD\Õ�NXUúXQXQ�ROGXNoD� IDUNOÕ�
KDUHNHWL� GL÷HU� WDUDIWDQ� \RUXPX� ]RU� RODQ� 8�3E� GD÷ÕOÕPODUÕ� LoLQ� J|]H� oDUSDQ� ELU�
QHGHQGLU�� %XQXQOD� ELUOLNWH� EX� NXUúXQ� ELOHúHQOHULQLQ� DQDOLWLN� RODUDN� D\UÕOPDVÕQD�
RODQDN� VD÷OD\DQ� EHOLUOL� |]HOOLNOHUL� YDUGÕU�� 7HUPDO� L\RQ� ND\QDNOÕ� N�WOH�
VSHNWURPHWUHVLQGH�YDNXP�DOWÕQGD�]LUNRQXQ�ÕVÕWÕOPDVÕ�IDUNOÕ�DNWLYDV\RQ�HQHUMLOHULQH�
J|UH� NXUúXQ� ELOHúHQOHULQLQ� NULVWDOGHQ� VHUEHVWOHúPHVLQL� VD÷ODU�� 8�3E� L]RWRS�
GD÷ÕOÕPÕQÕ�NDUPDúÕN�ELU�KDO�DOPDVÕQD�QHGHQ�RODQ�EX�VRUXQ�]LUNRQ�WDQHVLQGHNL�IDUNOÕ�
úHNLOGH�\DSÕODQPÕú�DODQODUGD�EXOXQDQ�NXUúXQ�ELOHúHQOHULQLQ�D\UÕPÕ�LoLQ�NXOODQÕOÕU� 
 7HUPDO� L\RQ� ND\QDNOÕ� N�WOH� VSHNWURPHWUHVLQGH� �7K,06�� LOH� WHN� ]LUNRQ�
WDQHOHULQ�NXUúXQ�DQDOL]L�LoLQ�ELU�HYDSRUDV\RQ�WHNQL÷L�EHOLUOHPHN��]HUH ilk deneme 

.RV]WRODQ\L��������WDUDIÕQGDQ�\DSÕOPÕúWÕU��%X�oDOÕúPDODU�VÕUDVÕQGD�KHU�ELU�]LUNRQ�
WDQHVLQLQ� SXGUD� ER\XWXQD� JHWLULOPHVL� LoLQ� |÷�W�OPHVL� YH� EX� |÷�W�OP�ú�
malzemenin HF/H3PO4� o|]HOWLVLQGH� NDWÕ� ND\QDNOÕ� N�WOH� VSHNWURPHWUHVLQH�
\HUOHúWLULOPHVL� |QHULOPLúWLU� �.RV]WRODQ\L�� ������� &RSSHQV� YH� GL÷�� �������
WDUDIÕQGDQ� ELU� JUDQLWWHQ� DOÕQDQ� ]LUNRQ� WDQHVL� �]HULQGH� X\JXODQDQ� LúOHPOHU�
&KXFNKRQLQ� ������� WDUDIÕQGDQ� HOH� DOÕQPÕúWÕU�� 6SHNWUXPODU� DNVHVXDU� NXUúXQ�
ELOHúHQOHULQLQ� HWNLVLQL� DoÕNoD� J|VWHUPLúWLU�� hVWHOLN�� +3PO4� o|]HOWLOHUL� NDUDUOÕ�
IRVIRULN�NXUúXQ�NRPSOHNVOHULQGHQ�ROXúWXUXU��EX�NRPSOHNVOHU�\D\JÕQ�YH�UDG\RMHQLN�
NXUúXQ�ELOHúHQOHULQLQ�LOHUL�G�]H\GHNL�DQDOL]OHUL�LoLQ�6L-MHO�PHWRGX�RODUDN�NXOODQÕOÕU�
�$NLVKLQ�YH�GL÷���������&DPHURQ�YH�GL÷����������%X�NRPSOHNVOHU�����.�1127 oC 

VÕFDNOÕ÷D� NDGDU� \D\JÕQ� NXUúXQ� ELOHúHQOHULQL� ILODPDQ� �]HULQGH� WXWDU� YH� E|\OHFH�
NXUúXQ�ELOHúHQOHULQLQ� DUND� DUND\D�PH\GDQD� JHOHQ� HYDSRUDV\RQODUÕQD�QHGHQ�ROXU��
%X� QHGHQOH�&KXFNKRQLQ� ������� \DSWÕ÷Õ� oDOÕúPDGD� DVLW� \HULQH�+22�NXOODQPÕúWÕU��
dHúLWOL� ND\Do� |UQHNOHULQGHQ� DOÕQDQ� WHN� ]LUNRQ� WDQHOHULQGH� EDúYXUXODQ� oHúLWOL�
\|QWHPOHU��GLUHN�RODUDN�HYRSRUDV\RQD�WDEL�WXWXODQ�UDG\RMHQLN�NXUúXQXQ�MHRORMLNVHO�
DQODPÕQÕ�RUWD\D�oÕNDUPÕúWÕU��6XQLQ�YH�0DO\VKHY��������� 
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 Bununla birlikte, tek zirkon tane analizinde rutin uyguODPDODUÕ�HQJHOOH\HQ�
SUREOHPOHUGHQ�GROD\Õ�GH÷LúLN�WHNQLNOHU�JHOLúWLULOPH\H�EDúODPÕúWÕU� 
 ���� .�o�N� ]LUNRQ� SDUoDODUÕ� LoHULVLQGHNL� NÕVD� J|oOHUGHQ� GROD\Õ�� NXUúXQ�
ELOHúHQOHUL� HYDSRUDV\RQ� ILODPDQÕ� �]HULQH� \HUOHúWLULOHQ� SXGUD� KDOLQH� JHWLULOPLú�
]LUNRQGDQ�Õ]OÕ�ELU�úHNLOGH�D\UÕOÕU��a�-��GDNLND��6XQLQ�YH�0DO\VKHY���������%X�KÕ]OÕ�
RGDNODQPD� KDUHNHWOHUL� YH� |Oo�POHULQLQ� NÕVD� ROPDVÕQGDQ� GROD\Õ� KÕ]OÕ� ELU� úHNLOGH�
ELUELULQL� L]OH\HQ� NXUúXQ� ELOHúHQOHULQLQ� DQDOL]OHULQLQ� LVWDWLVWLNVHO� NDOLWHVLQLQ� D]�
ROGX÷X�DQODPÕQD�JHOLU�� 
 (2) )LODPDQ��]HULQGHNL�SXGUD�KDOLQH�JHWLULOPLú�]LUNRQODU�ILODPDQ��]HULQGH�
ELU� NDo� PP� GD÷ÕOÕU� YH� \LQHGH� ILODPDQÕQ� VÕFDNOÕN� SURILOLQGH� NDOÕU�� .�o�N�
NÕVÕPODUGDNL� VÕFDNOÕN� JUDG\DQÕ� �NHQDUÕ� ÕVÕ� ND\QD÷Õ� LOH� NRQWDNWD� RODQ�� YH� SXGUD�
KDOLQGHNL� ]LUNRQODUÕQ� WDPDPÕ� IDUNOÕ�NXUúXQ�ELOHúHQOHULQLQ�DQDOLWLNVHO� o|]�POHULQL�
D]DOWÕU�� 
 ����0LQHUDOOHULQ�|÷�W�OPHVL�DUG�DUGD� LúOHQPLú�|UQHNOHU�DUDVÕQGD�ELUELULQH�
NDUÕúDUDN� NLUOHQPH� RODVÕOÕ÷ÕQÕ� DUWWÕUÕU�� hVWHOLN� L\L� |÷�W�OPHPLú� ]LUNRQ� WR]ODUÕ�
aletlerin kirlenip zarar görmesine neden olaELOLU��%X�]RUOXNODU�|÷�W�OPHPLú� WDQH�
DQDOL]�HGLOHUHN��VWHVLQGHQ�JHOLQPLúWLU��%X�DQDOL]OHULQ�\DSÕPÕ�VÕUDVÕQGD�DúÕQGÕUPD�
\|QWHPL�NXOODQÕOPÕúWÕU�� 
   

 1.2. Tüm Tane Evaporasyonu 

 %X� \|QWHP� LoLQ� NXOODQÕODQ� WHNQLN� NÕUÕOPDPÕú� W�P� ]LUNRQ� WDQHOHULQLQ�
(maksimum boyXWX� ����PP�� HYDSRUDV\RQXQD� ED÷OÕGÕU��=LUNRQ� WDQHVL�PLNURVNRS�
DOWÕQGD� NDWÕ� ND\QDNOÕ� ELU� 0$7���� N�WOH� VSHNWURPHWUHVLQGHNL� �ùHNLO� �����
UHQ\XPGDQ� \DSÕOPÕú� oLIW� ILODPDQWHQ� ELUL� RODQ� HYDSRUDV\RQ� ILODPDQÕ� LoHULVLQH�
gömülür.  

 *HQWU\� YH� GL÷�� ������� WDUDIÕQGDQ� JHUoHNOHúWLULOHQ� WHN� ILODPDQ� \|QWHPLQH�
EHQ]HU� úHNLOGH� oLIW� ILODPDQ� \|QWHPLQGH� GH� J|PPH� �� DúDPDGD� JHUoHNOHúWLULOLU�
�.REHU���������%LULQFL�DúDPDGD�HYDSRUDV\RQ�ILODPDQÕQD�NDQR�úHNOL�YHULOLU��LNLQFL�
DúDPDGD� KHU� ELU� WDQH� NDQR� úHNOLQGH� HYDSRUDV\RQ� ILODPDQÕQGDNL� oXNXrun 

PHUNH]LQH� \HUOHúWLULOLU�� �o�QF�� DGÕPGD� LVH� UHQ\XP� PHWDO� WDQH� HWUDIÕQD� VDUÕOÕU��
ø\RQL]DV\RQ�ILODPDQÕ�LOH�NDUúÕ�NDUúÕ\D�JHOHQ�\�]H\GH�N�o�N�ELU�DoÕNOÕN�EÕUDNÕOÕU�� 
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ùHNLO������3E�HYDSRUDV\RQ�DQDOL]OHUL�LoLQ�NXOODQÕODQ�UHQ\XP-oLIW�ILODPDQ�G�]HQH÷L��
DüzeQHN�0$7����N�WOH�VSHNWURPHWUHVLQLQ�WHUPDO�L\RQ�ND\QD÷ÕQÕQ�ELU�NÕVPÕGÕU�� 

 

 $úÕQGÕUPD� V�UHFLQGHQ� |QFH� WDQHQLQ� NXOODQÕOPDPDVÕ� JHUHNLU��7�P� WDQHOHU�
NDSODQGÕ÷ÕQGD�NULVWDOLQ�KHU�\HULQGH�HúLW�ELU�VÕFDNOÕN�KDNLP�ROXU��%X�QHGHQOH� W�P�
NULVWDO�DODQÕ�YH�W�P�NXUúXQ�ELOHúHQOHUL�WDQH�LoHULVLQGHNL�NRQXPODUÕ�QH�ROXUVD�ROVXQ�
HúLW�HYDSRUDV\RQ�úDUWODUÕQD�PDUX]�NDOÕU��.�WOH�VSHNWURPHWUHVLQGH�ILODPDQODUÕQ�KHU�
LNLVLQLQ� VÕFDNOÕ÷Õ� \DYDú� ELU� úHNLOGH� DUWWÕUÕOÕU� �L\RQL]DV\RQ� ILODPDQÕ� a����.����� 

o&��HYDSRUDV\RQ�ILODPDQÕ�����-1700K/1323-1423oC). 10-14 A’ da meydana gelen 

NXUúXQ�L\RQ�GHPHWOHULQLQ�ROXúXPXQD�NDGDU�EX�ÕVÕWPD�GHYDP�HGHU��(YDSRUH�HGLOPLú�
|UQH÷LQ KDFPLQGHNL� oRN� D]� PLNWDUGD� DUWÕú� ������ PP�� ÕúÕQ� RGDNODPD� úDUWODUÕQÕ�
RSWLPL]H� HGHU�� 'HGHNW|U� RODUDN� JHOHQHNVHO� ELU� oR÷DOWÕFÕ� NXOODQÕOÕU�� <�NVHOWHo�
VLVWHPLQLQ�GR÷UXVDOOÕ÷Õ�650�����YH�650�����1%6�L]RWRS�VWDQGDUWODUÕQÕQ�DQDOL]L�
LOH� NRQWURO� DOWÕQGD� WXWXOXU�� (OGH� HGLOHQ� YHULOHU� ���-206-207-208-207-206 tarama 

VÕUDVÕQGD� SLN� VHNPHOHUL� LOH� WDPDPODQÕU�� 204Pb/2063E� RUDQÕ� DNVHVXDU� NXUúXQ�
ELOHúLPOHrini görüntüler. 207Pb/2063E� RUDQÕQÕ� øON� YH� LNLQFL� WDUDPDODUÕQ�
RUWDODPDVÕQGDQ� HOGH� HGLOLU�� � KHU� WDUDPDGD� HOGH� HGLOHQ� 207Pb/2063E� RUDQÕ�
MHRNURQRORMLN� ELOJLOHU� WDúÕU� �ùHNLO������ 208Pb/2063E� RUDQÕ� IUDNVL\RQODQPD�
\|QHOLPLQLQ� NRQWURO�� YH� IDUNOÕODúDQ� UDG\RMHQLN� NXUúXQ� ELOHúHQOHULQLQ� WDQÕPÕQGD�
NXOODQÕOÕU�� 

gömülen tane
(<300µm)

T~1700K/1427oC

evaporasyon iyonizasyon

0.7mm

10mm
T~1700K/
1927oC
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 '�ú�N� LOH� RUWD� HYDSRUDV\RQ� VÕFDNOÕNODUÕQGD� ����-1500K/327-1327oC) 

PH\GDQD�JHOHQ�NXUúXQ�L\RQ�ÕúÕQÕ�GHPHWOHUL�NDUDUVÕ]�YH\D�G�ú�N�úLGGHWOL�LVH�DWÕOÕU��
ø]RWRS� G�]HQL� JHQHOOLNOH� UDG\RMHQLN� NXUúXQOD� RUWDN� RODUDN� KÕ]OD� GH÷LúHQ� ELU�
NDUÕúÕPÕ�J|VWHULU��(YDSRUDV\RQX�GDKD�\�NVHN�VÕFDNOÕNODUGD�RODQ������.������oC)-

1750K (1417o&��� RODQ� GDKD� NDUDUOÕ� ID]GDNL� � NULVWDOLQ�� NXUúXQ� �]HULQH� GLNNDW�
oHNPHN�YH�EX�LON�ELOHúHQOHULQ�DQDOL]OHULQL�NDEXO�HWPHPHN�LoLQ�VRQ�oDOÕúPDODUGDNL�
yaklDúÕPODU�EX�úHNLOGH\GL�� 
 ùHNLO� ���¶GHNL� úHPD� LOH� NULVWDOL]DV\RQ� \DúÕQGDQ� G�ú�N� GH÷HUGH� RODQ�
207Pb/2063E�\DúODUÕQÕQ��U�Q��NRQNRUGL\D�H÷ULVLQLQ�DOWÕQGD�GLVNRUGDQW�YHUL�QRNWDODUÕ�
J|VWHULOPLúWLU� 

GLVNRUGL\D
NRQNRUGL\D

T7/6=Tm Tm<T7/6<Tc
T7/6=Tc

Tc

TÐ
7/6

TÐ
7

TÐ6

T
m

206(      )
238

Ð

207(      )
235

Ð
207Pb/235U

NRQNRUGDQW�ID]ODUÐ�F��P
GLVNRUGDQW�YHUL�QRNWDODUÐ

7��� �EHOLUOL���������\DÒÐ

T
6

= EHOLUOL���������\DÒÐ
T
7

= EHOLUOL���������\DÒÐ

 

 

ùHNLO������.ODVLN�NRQNRUGL\D�GL\DJUDPÕ��:HWKHULOO�������úHPDWik olarak iki-bölümde 

8�3E�L]RWRS�GH÷LúLPLQL�J|VWHULU 
 <D\JÕQ�NXUúXQ�G�]HOWPHVLQLQ�LKPDO�HGLOHELOLU�ROGX÷X�GXUXPODUGD���������
RUDQÕQÕQ� ����� ROGX÷X� PLQLPXP� GH÷HUGH� NDUDUOÕ� 3E� L\RQX� GHPHWLQLQ� ROPDVÕ�
GXUXPXQGD� �J|UHFHOL� ÕúÕQ� GDOJDODUÕ� ∆I/I<%5) elde edilen verLOHU� \DOQÕ]FD�
MHRNURQRORMLN�DPDoODU� LoLQ�NXOODQÕOÕU��%|\OHFH�EX�RUDQ�\�NVHOWHo�VHV�VHYL\HVLQGH�
ROXúDQ�3E�VLQ\DOOHULQLQ�PLQLPXP�DUDOÕ÷ÕQÕ�\DQVÕWÕU��6�UHoOHULQ�HWNLQ�oDOÕúPDVÕ�YH�
J�oOHULQLQ� WHVW� HGLOPHVL� LoLQ� IDUNOÕ� GXUXPODUGD� oDOÕúPDODU� \DSÕOPÕú� YH� ]LUNRQ�
tDQHVLQLQ�NULVWDOLQ�DODQÕQGDNL�UDG\RMHQLN�NXUúXQXQ���QJ¶� Õ�\DNODúÕN���-15 dakika 

boyunca 10-14$� KDOLQGH� L\RQ� GHPHWL� RODUDN� VRQXo� YHUGL÷L� WDKPLQ� HGLOPLúWLU��
%XQXQ� DQODPÕ� HYDSRUH� HGLOHQ� NULVWDOGHQ� WHN� ELU \�NOHQPLú� L\RQ� ND\GHWPHN� LoLQ�
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5x10-14$� NXUúXQ� DWRPX� JHUHNWLUPHNWHGLU�� h]HULQGH� DUDúWÕUPDODU� \DSÕODQ� W�P�
]LUNRQODU�WXWXOPD�DODQÕQGDNL�NXUúXQ�ELOHúHQOHUL�����.�����oC-1750K/1417oC’ de 

GDU�ELU�VÕFDNOÕN�DUDOÕ÷ÕQÕ�LúDUHW�HWPHNWHGLU��&KXNKRQLQ���������6XQLQ�YH�0DOVK\HY�
������� WDUDIÕQGDQ� EHOLUWLOHQ� ����.� �����oC)’ye� YDUDQ� VÕFDNOÕNODUGD� NXUúXQ�
evaporasyonu kesinlikle gözlenmemektedir.   

 ùHNLO����¶�WH�J|VWHULOHQ�YHUL�PHWDPRUILN�ELU�ND\DoWDQ��GLDWHNVLWH��DOÕQDQ�WHN�
]LUNRQ� WDQHVL� �]HULQGH� \DSÕODQ� oDOÕúPDODUÕ� \DQVÕWPDNWDGÕU�� 7HN� WDQH� DQDOL]L� LoLQ�
seçilen örnekte iki radyRMHQLN� NXUúXQ� DUDVÕQGDNL� DQDOLWLNVHO� IDUNOÕOÕNODU�
DUDúWÕUÕOPÕúWÕU��.REHU�������� 
 7�P� DUDúWÕUÕOPÕú� ]LUNRQODUÕQ� NULVWDOLQ� DODQODUÕQGD� J|U�OHQ� 3E�3E�
\DúODQGÕUPDODUÕQÕQ�NULVWDOL]DV\RQXQ�NHQGL�\DúODUÕ\OD�\DNÕQ�ELU�GD÷ÕOÕP�VHUJLOHGL÷L�
EHOLUWLOPLúWLU� 

0

2

4

6

elde edilen zaman (dakika)

����\RÎXQOXÎX

�������

�������

0

0.5

1.0

1.5
x10-4

�������

0.06

0.08

0.10

0.12

0.08

0.12

0.06

0 20 40 60  

ùHNLO���4. 2063E�GHPHWL�\R÷XQOX÷XQXQ�YH������������������YH���������NXUúXQ�L]RWRS�
RUDQODUÕQD�NDUúÕ�HOGH�HGLOHQ�]DPDQÕQ�ND\GÕ��(OGH�HGLOHQ�EX�ND\ÕW�PHWDPRUILN�
]LUNRQGDQ��GLDWHNVLWH���VD÷ODQPÕúWÕU��.REHU������¶GDQ�DOÕQPÕúWÕU� 

 

 dHúLWOL�]LUNRQ�WDQHOHUL��]HULQGH�X\JXOanan tüm tane evaporasyonu kristalin 

]LUNRQ�DODQODUÕQÕQ�ED]Õ�|QHPOL�|]HOOLNOHULQL�RUWD\D�NR\PXúWXU� 
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1. %X�DODQODUGDNL�\D\JÕQ�NXUúXQ�PLNWDUÕ���-2�SLNRPRO¶GHQ�GDKD�D]GÕU��204Pb/206Pb 

RUDQÕQGDQ�WDKPLQ�HGLOPLúWLU��.REHU�������� 
2. Zirkon kafesindeki uranyum kökenli (uranojenik) ve toryum kökenli (torjenik) 

NXUúXQODUÕQ� DNWLYDV\RQ� HQHUMLOHUL� JHQHOOLNOH� IDUNOÕ� GH÷LOGLU�� )DUNOÕ� UDG\RMHQLN�
N|NHQH� VDKLS� NXUúXQ� L]RWRSODUÕ� EHQ]HU� NULVWDOPLú� JLEL� J|U�Q�UOHU�� hVWHOLN�
mineralin iz element heterojenitesi ve muhtemelen birde kULVWDOL]DV\RQ� ROD\Õ�
VÕUDVÕQGD� PLQHUDO� ND\QD÷ÕQÕ� \DQVÕWDQ� GH÷LúLN� 8�7K� DODQODUÕQGDQ� EXKDUODúÕUODU��
<DSÕODQ� J|]OHPGHQ�� 208Pb/2063E� RUDQÕ� ND\ÕWODUÕ� JHQHOOLNOH� SHJPDWLWLN� ]LUNRQ�
ROGX÷XQGD� VDELW� GH÷HUOHUOH�� JUDQLWLN� YH\D�PHWDPRUILN� ]LUNRQ� ROPDVÕ� GXUXPXQGD�
ise sDGHFH� |QHPVHQPH\HFHN� RUDQODUGD� DUWDQ� YH\D� D]DODQ� GH÷HUOHUOH� NDUDNWHUL]H�
HGLOGL÷L�VRQXFX�oÕNDUÕODELOLU��.REHU�������� 
���=LUNRQ�WDQHOHUL�LoHULVLQGHNL�NULVWDOLQ�DODQODU�NDSDOÕ�8�3E�VLVWHPLQGH�UDG\RMHQLN�
NXUúXQ��UHWLUOHU��.REHU��������� 
 Göreceli olarak kristDOLQ�RODQ�DODQODUÕQ�JHQHOOLNOH�WHN-DúDPDOÕ�JHOLúLPLQGH�
\DOQÕ]FD�ELU�UDG\RMHQLN�NXUúXQ�ELOHúHQL�LoHUGL÷L��oRN-VDIKDOÕ�WDULKoHOHUGH�LVH�IDUNOÕ�
ROPD\DQ� UDG\RMHQLN� ELOHúLNOHU� LoHUGL÷L� DQODPÕQD� JHOLU�� %XKDUODúPD� oDOÕúPDODUÕ�
VÕUDVÕQGDNL� SUREOHPOHU� IDUNOÕ� NULVWDOL]DV\RQ� \DúOÕ� NULVWDOLQ� DODQODUGD� LoVHO�
E�\�PHOHULQ� RUWD\D� oÕNPDVÕQGDQ� RODELOLU�� %XQXQOD� ELUOLNWH�� EX� VRUXQOD� DUGÕúÕN�
EXKDUODúPD�LOH�IDUNOÕ�ELOHúLNOHULQ�WDQÕPODQPD�úDQVÕ�YDUGÕU. 
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��� 7(50$/� ø<21� .h7/(� 63(.7520(75(6ø� .8//$1$5$.�
207Pb/2063E� <$ù,� $5$ù7,50$/$5,� ødø1� 7(.� =ø5.21�
(9$325$6<21�ø/(�3E+�(0ø7g5�*g0h/0(1ø1�%ø5/(ù7ø5ø/0(6ø�
9(�=ø5.212/2-ø<(�8<*8/$10$6,� 

Çift-ILODPDQOÕ� ELU� NDWÕ� ND\QDNOÕ� N�WOH� VSHNWURPHWUHVLQGH� WHN� ]LUNRQ�
HYDSRUDV\RQXQX� NXOODQDUDN� 3E� L]RWRS� DQDOL]OHULQLQ� GX\DUOÕOÕ÷Õ� �.REHU� ����) 

uygun Pb + HPLW|U��\D\ÕFÕ��J|P�OPH�WHknikleri ile direkt olarak tek bir taneden Pb 

EXKDUODúPDVÕ�LOH�NRPELQHOL�RODUDN�JHOLúWLULOHELOLU��'LUHNW�RODUDN�NULVWDOOHUGHQ�oÕNDQ�
ELOHúLPOHU� YH� GDKD� EDúND� HOHPHQWOHUOH� ELUOLNWH� 3E¶QXQ� ³VR÷XN´� L\RQODúPD�
ILODPDQÕQGD� Eirikimi, 1427-�����&¶OLN� VÕFDNOÕNWD� LQFHOHQPLú� WDQHOHUL�
EXKDUODúWÕUPDNOD�GDKD�NROD\FD�\DSÕODELOLU������-����.¶GH�L\RQODúPD�ILODPDQÕQGD�
ELULNPH� VÕFDNOÕ÷Õ� X]XQ� V�UHOLGLU� YH� VDELW� 3E+ iyon demetleri gönderir. 

<Õ÷ÕúÕPODUGDNL� ³DNWLI� EHOLUWHoOHU´� +I22 ve SiO2’dir. Radyojenik Pb ile birlikte 

]LUNRQ� WDQHVLQGHQ� RQODUÕQ� VHUEHVW� NDOÕúÕ�PXKWHPHOHQ� WDQHGH� EXOXQDQ� L]� HOHPHQW�
VLOLNDODUÕQ�D\UÕúPD�UHDNVL\RQXQD�ED÷OÕGÕU� 

%LUOHúLN� EXKDUODúPD�HPLW|U� �\D\ÕFÕ�� J|P�OPH� WHNQLNOHUL� IDUNOÕ� N|NHQ� YH�
L]RWRS�VWDQGDUWODUÕ�RODQ�GR÷DO�]LUNRQODUD�X\JXODQPÕúWÕU��5XWLQ�ELU�úHNLOGH���*10-4-

1*10-3’lük bir Pb+ iyonu ve %1’lik 207Pb/2063E� RUDQOÕ� VWDQGDUW� ELU� VDSPD�
|UQHNOHUGHNL�YH�VWDQGDUWODUGDNL�3E�PLNWDUODUÕQGDQ�EXOXQPXúWXU��0HWRWODU�KÕ]OÕ�ELU�
úHNLOGH�3DOHR]R\LN�]LUNRQ�WRSOXOX÷XQGDQ�oÕNDQ�±15-200\¶OÕN�\DúWDQ�VWDQGDUW�ELU�
sapma ile ‘uygun’ (concordant) zirkon evrelerindeki Pb izotopu ile ilgili bilgi 

ROXúWXUDELOLU� 
=LUNRQ�PLQHUDOL�� ND\DODUÕQ� \DúÕ�� HYULPL� YH� N|NHQLQGHNL� DUDúWÕUPDODU� LoLQ�

E�\�N� ELU� |QHPH� VDKLSWLU�� =LUNRQODUÕQ�� NULVWDOL]DV\RQODUÕ� V�Uesince Pb’dan 

UDG\RDNWLI� 8� YH� 7K� HOHPHQWOHULQLQ� J�oO�� ELU� úHNLOGH� SDUoDODQPDODUÕ� ROGXNoD�
\D\JÕQGÕU� YH� UDG\RDNWLYLWHQLQ� J|]H� oDUSDQ� ELU� WDúÕ\ÕFÕVÕGÕUODU�� %XQGDQ� GROD\Õ��
PDJPDWLN�YH�PHWDPRUILN�ROD\ODUÕQ�\DúODQGÕUÕOPDVÕQGD�WHPHO�ROXúWXUXUODU�� 

Jeolojik çevredH��PLQHUDO�ND\QDNODUÕQÕQ�|]J�O�NRúXOODUÕQGDNL�PLQHUDOOHULQ�
NLP\DVDO� ROGX÷X� NDGDU�� NULVWDO� \DSÕVÕQGD� GD� J�oO�� ELU� ED÷� YDUGÕU�� -HRORMLN�
oHYUHGHNL� VÕN� PLQHUDO� NDUÕúÕPÕ� YH� \HUHO� NDUDNWHULQ� KDVVDVL\HWL�� NRPSOHNV� Lo�
\DSÕODUÕQGD�� WHN�NULVWDOOHULQ�|]HO�NDUDNWHULVWLNOHUL�YH�]LUNRQ�WRSOXOXNODUÕQGD�J�oO��
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YDU\DV\RQODUÕ�EHOLUWLU��dHYUHVHO�NRúXOODUGDNL�GH÷LúLNOLNOHUH�KHU�ELU�]LUNRQ�WDQHVLQLQ�
|]HO� WHSNLVL� L]RWRS� NLP\DVÕ� YH� HYUH� LOLúNLVL� G�ú�Q�OHUHN� NDEXO� HGLOPLúWLU�� %X�
özellikle kristallerdeki Pb izotop örnekleri ve kristDO� LoLQGHNL� H÷LPOHULQL� GR÷UX�
WXWDU�� 7HN� ELU� WDQHGH� GH÷LúHQ� 3E� L]RWRS� \D\ÕOÕPÕ�� NDWÕ� YH\D� VÕYÕ� LQNO�]\RQODUGD�
EXOXQDQ� UDG\RMHQLN� 3E� YH� 3E� ELOHúLNOHULQLQ� GH÷LúLPLQH� ED÷OÕ� RODELOLU�� $\QÕ�
]DPDQGD�� PHWDPLNWL]DV\RQ� HYUHOHULQGHQ� \HQLGHQ� NULVWDOL]DV\RQ� YH\D� DúÕQPD 

V�UHFL\OH� 3E¶QXQ� \HQLGHQ� \D\ÕOÕPÕQD� YH� \HQL� JHOLúHQ� NHQDUODUOD� ROXúPXú�
UDG\RMHQLN�3E¶QXQ�ELOHúLPOHULQH�ED÷OÕ�RODELOLU� 

Böylece, jeolojik çevreyi karakterize etmek için zirkon morfolojisinin 

taneden taneye (grain by grain) istatistiklerinin uyumu (örn., Poldervaart 1950, 

������ ������+RSSH�������.|KOHU� ������3XSLQ� ������ NDEXO� HGLOPHN� ]RUXQGDGÕU��
$OWHUQDWLI� PHWRWODU� UXWLQ� WHN� ]LUNRQ� DQDOL]OHULQGHQ� JHOLúWLULOPLúWLU�� 7HN�
]LUNRQODUGDQ� |QHPOL� MHRNURQRORMLN� ELOJLOHULQ� HOGH� HGLOPHVL� LOH� DWÕOÕP� \DSÕOPÕúWÕU�
(örn., TeUD� DQG� :DVVHUEXUJ� ������ /DQFHORW� YH� GL÷��� ������� Tüm tanelerin 

NDYUDQPDVÕ��EXQXQOD�ELUOLNWH�NDoÕQÕOPD]�RODUDN�D\QÕ�NULVWDOGH�EXOXQDQ�oHúLWOL Pb 

ELOHúLPOHULQLQ� DQDOLWLN� ELU� NDUÕúÕPÕ� LOH� VRQXoODQÕU�� g]HOOLNOH� EX�� WHPL]OHPH�
\|QWHPOHUL\OH� \HUOHúWLULOHQ� YH� NROD\� ELU� úHNLOGH� HWNLOHQPH\HQ� NULVWDOLQ� ]LUNRQ�
DODQODUÕQGD� IDUNOÕ� 3E� ELOHúHQOHULQLQ� IDUNOÕ-\DúODUGD� ROXúWX÷XQX� GR÷UXODU� �WDQHOHUL�
ILOWUHOHPH� YH\D� NHQDUODUÕQÕQ� DúÕQPDVÕ��.URXJK������� �������*�oO�� ELU� DOWHUQDWLI�
RODUDN�ÕVODN-kimyasal yöntemler yüksek-çözünürlüklü ikincil kütle spektrometresi 

�³6,06´��|UQ���+LQWKRUQH�YH�GL÷���������)URXGH�YH�GL÷���������&RPSVWRQ�YH�GL÷���
������:LOOLDPV�YH�GL÷���������NXOODQÕODQ� WHN�]LUNRQ�DQDOL]OHULQLQ�X\JXODPDVÕGÕU��
'HQH\VHO� VRQXoODU� EX� WHNQL÷LQ� X\JXQ� YHUL� VD÷ODGÕ÷ÕQÕ� J|VWHUPHNWHGLU�� ùLPGLOLN�
X\JXQ� RODUDN�X\DUODQDQ� HQVWU�PDQWDV\RQXQ� VÕQÕUOÕ� ROXúX� WHN� ]LUNRQ� \DúODQGÕUPD�
WHNQL÷LQLQ� NDSVDPOÕ� UXWLQ� X\JXODPDODUÕQÕ� HQJHOOHU�� hVWHOLN�� WHNQL÷LQ� VÕQÕUOÕ�
JHRPHWULN� o|]�P�Q�Q� DQDOL]LQGHQ� GROD\Õ� 6,06� DQDOL]OHUOH� ]LUNRQ� WDQHOHULQGHNL�
uygun evrHOHULQ� L]OHPHVL� EX� |OoHNWH� KRPRMHQ� RODQ� NULVWDOOHUOH� VÕQÕUOÕGÕU� ���-40 

µm).  

6,06¶OL� ELULQFLO� L\RQOD� DUWDQ� ]LUNRQ� EXKDUODúPDVÕ\OD� IDUNOÕ� ]LUNRQ�
GH÷HUOHULQGHQ�E�W�QOHúWLULOPLú�3E�ELOHúHQOHULQLQ�\HULQH�NULVWDO�DODQODUÕQGDQ�3E¶QXQ�
KDUHNHWOLOL÷L�LOH�J�oO��ELU�úHNLOGH�DUWDQ�DNWLYDV\RQX�VHoLFL�3E�L]RWRS�DQDOL]OHUL�YH�
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NRQYDQVL\RQHO� WHUPDO� L\RQ� N�WOH� VSHNWURPHWUHVLQLQ� �³7K,06´�� X\JXODQPDVÕ�
NXOODQÕODELOLU��7HN�ELU�ILODPDQOÕ�NDWÕ-ND\QDNOÕ�VSHNWURPHWUHGH�3E�HPLW|U���\D\ÕFÕ��
JLEL� ]LUNRQ� PDWHU\DOLQLQ� NHQGLVLQLQ� NXOODQÕPÕQÕQ� EDVLW� ELU� G�ú�QFHVL� X]XQ� V�UH�
|QFH� \D\ÕQODQPÕúWÕU� �=\NRY� DQG� 6WXSQLNRYD� ������ .RV]WRODQ\L� ������ YH� R�
]DPDQGDQ� EHUL� \HQLOHQHQ� ELU� úHNLOGH� DQDOLWLN� GH÷LúLNOLNOHUOH� JHOLúPLúWLU�
�&KXNKRQLQ� ������ *HQWU\� YH� GL÷��� ������ 6XQLQ� DQG� 0DO\VKHY� ������� %XQXQOD�
birlLNWH��NDUDUOÕ�YH�X]XQ�V�UHOL�3E�L\RQ�GHPHWOHUL�GDKD�ID]OD�EDúDUÕOÕ�ELU�úHNLOGH�ELU�
oLIW� ILODPDQ� G�]HQLQGH� NDWÕ� ELU� ND\QDNWD� ROXúWXUXOXU� �.REHU� ������ ������� 7HVW�
|UQHNOHULQLQ� DQDOL]OHUL� PHYFXW� V�UHoOHUOH� oÕNDQ� \DúODU� LoLQ� DúD÷Õ� \XNDUÕ� ��-

��0\¶OÕN� ELU� VWDQGDUW� VDSPD\Õ� J|VWHUPLúWLU� �.REHU� ������� %X� )DQHUR]R\LN�
]LUNRQODUGD� EDKVHGLOHQ� \HWHUVL]� \DUÕ-QLWHOLNOL� \Dú� WDKPLQOHUL\OH� VRQXoODQDELOLU��
Çift-ILODPDQ� G�]HQLQLQ� X\JXODQPDVÕ� GDKD� |QFH� \D\ÕQODQDQ� HYDSRUDV\RQ�
WHNQLNOHULQLQ� �]HULQGH� HQ� D]ÕQGDQ� ��� �]HULQGH� ELU� LOHUOHPH� GHPHN� RODQ� DúD÷Õ�
\XNDUÕ� ���-5’lik bir Pb+ iyonunu garanti eder�� 3E� L]RWRS� DQDOL]L� LoLQ� ÕVODN-

NLP\DVDO� \|QWHPOHUOH� 7K,06� WHPHO� WHNQL÷L� NDUúÕODúWÕUÕODELOLU� �³6L-jel”-metodu; 

$NLVKLQ�YH�GL÷���������&DPHURQ�YH�GL÷���������.URJK�������� øQFHOHPH�DOWÕQGDNL�
WDQHGHQ�EXKDUODúDQ�3E� DWRPODUÕQÕQ� SHN� oR÷X� L\RQODUD� G|Q�úW�U�OHPH]�YH� L]RWRS�
DQDOL]OHUL� LoLQ�HOYHULúOL�GH÷LOGLU��<HWHUOL�EXKDUODúPD�oDOÕúPDODUÕ�\D\ÕQODQDQ�ÕVODN-

NLP\DVDO�PHWRWODUÕQ� EHQ]HUL� RODQ� X\JXQ� WHPHO� WHNQLN� NXOODQÕODUDN� L\RQODúPD�YH�
EXKDUODúPD� LúOHPL� LNL� DGÕPGD� LOHUOH\HELOLU�� 3E� HYDSRUDV\RQX� YH� 3E+ emitör 

�\D\ÕFÕ��J|P�OPHQLQ basit bir kombinasyonu, zirkon mineralinin fiziko-kimyasal 

NDUDNWHULVWLNOHULQH�ED÷OÕ�YH�HVDV�RODUDN�“Si-jel gömülme”�ILNUL�WDUWÕúÕODFDNWÕU��Si-jel 

gömülme WHNQL÷LQLQ� WHPHO� |]HOOL÷L� 3E� L\RQODUÕQÕQ� JHQLú� ELU�PLNWDUÕ� LOH�NLP\DVDO�
ROXúXPX�\DOQÕ]FD�\�NVHN�ILODPDQ�VÕFDNOÕNODUGD�SDUoDODQDQ�NDUDUOÕ�ELOHúLPOHUL�3E¶D�
G|Q�úW�UPHNWHGLU�� 7HPHO� 6L-jel gömülme WHNQL÷LQLQ� HPLW|U� �\D\ÕFÕ�� ELOHúLPL�
\�NVHN� VÕFDNOÕNODUGD� 1D2SiO3’ten ve Pb3(PO4)2’tan oOXúWXUXODQ� 3E6L23 olarak 

G�ú�Q�O�U�� 3E� IRVIDW�� 3E� VLOLNDWODUÕQ� ROXúXPXQD� NDGDU� RUWD� VÕFDNOÕN� G�]H\LQGH�
ILODPDQGDNL�3E¶X�VDELWOHúWLUPH�GH�|QHPOL�ROGX÷X�GLNNDWH�DOÕQÕU��/HYVNL\�YH�GL÷���
1969). Bununla birlikte PbSiO3�������&¶GH�HULU�YH�KÕ]OÕ�ELU�úHNLOGH����-1027ºC’de 

EXKDUODúÕU� �6PLUQRYD� ������� %X� 6L-jel-gömülmenin NXOODQÕPÕ� UXWLQ� 3E� L]RWRS�
DQDOL]OHULQLQ�X\JXODQGÕ÷Õ�VÕFDNOÕNODUGD�|QHPOLGLU������-1327ºC; örn., Cameron ve 
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GL÷��� ������� %X� QHGHQOH�� 3E6L23’ün yerine bir Pb/SiO2/POx ELOHúLPL� ³6L-jel” 

metodunun Pb ePLW|U���\D\ÕFÕ� olarak daha uygun gibi görülmektedir. 

7HN�]LUNRQ�DQDOL]OHUL�LoLQ�ELUOHúLN�ELU�EXKDUODúPD�HPLW|U��\D\ÕFÕ��J|P�OPH�
WHNQL÷LQL�ROXúWXUPDGD�HVDV�VRUXQ��3E�6L22/POx�ELOHúLPLQH�EHQ]HU�ELU�úHNLOGH�HWNLOL�
bir Pb+ iyonu gibi rol oynayan sabit bir bilHúLPGH� EXKDUODúPÕú� 3E� DWRPODUÕQÕQ�
QDVÕO�WUDQVIHU�RODFD÷ÕQÕQ�o|]�POHQPHVLGLU��%HOOL�VÕFDNOÕNODUÕQ��VW�QGH�NULVWDOOHULQ�
WHUPDO� X\XPX� HVQDVÕQGD�� EHOLUWHoOHULQ� WHUPDO� RODUDN� VDELW� 3E� ELOHúLNOHULQGHQ�
ROXúDQ�PLQHUDOOHUGHQ�\D\JÕQ�ELU�úHNLOGH�VHUEHVW�NDOGÕ÷Õ�EXOXQPXúWXU��%X�ELOHúLNOHU�
çift-ILODPDQOÕ�ELU�WHUPDO�L\RQ�ND\QD÷ÕQGD�\�NVHN�GHUHFHGH�HWNLOL�3E+ iyon emitörü 

�\D\ÕFÕ��RODUDN�NXOODQÕODELOLU� 
 

 2.1. Pb+� (PLW|U� *|P�OPH� 7HNQL÷L� LOH� =LUNRQ� (YDSRUDV\RQXQ�
%LUOHúWLULOPHVL 

*�Q�P�]� oDOÕúPDODUÕ� LoLQ� JHOHQHNVHO� úHNLOGH� oLIW� ILODPDQOÕ� NDWÕ� ND\QDNOÕ�
0$7���� WHUPDO� L\RQ� N�WOH� VSHNWURPHWUHVL� NXOODQÕOPÕúWÕU�� )LODPDQODUÕQ� VÕFDNOÕ÷Õ�
±10K(-����&�¶H� J|UH�D\DUODQDQ�GLúOL� \�NVHN� ÕVÕ� WHUPRPHWUHVL� LOH�NRQWURO� DOWÕQGD�
WXWXOPXúWXU��$UDúWÕUÕODQ�]LUNRQ�WDQHOHULQLQ�WHUPDO�KDUHNHWL�.REHU��������WDUDIÕQGDQ�
WDQÕPODQDQ� \|QWHPOH� J�oO�� ELU� úHNLOGH� L]OHQLU�� Genellikle 1-���J¶OÕN LúOHP�
J|UPHPLú� WHN� ]LUNRQODU� NDQR� úHNLOOL� �5HQ\XP�� EXKDUODúPD� ILODPDQÕ� LoLQH�
\HUOHúWLULOHUHN� L\RQ� ND\QD÷Õ� LoLQGH� VDELWOHúWLULOLUOHU�� ø\RQODúPD� ILODPDQÕQÕQ� LON�
VÕFDNOÕ÷Õ� ���7ºC� FLYDUÕQGD� \�NVHOLU�� %X� ³|Q� NRúXO´� � VRQ� GHUHFH� NDUDUOÕ� ]LUNRQ�
DODQODUÕQGD� YH� HQ� D]ÕQGDQ� ����-1377ºC� VÕFDNOÕNODUGD� VHUEHVWOHúPH� LOH� ROXúDQ�
UDG\RMHQLN� 3E� L]RWRSODUÕQGDNL� EX� W�U� 3E� ELOHúLNOHULQLQ� DQDOLWLN� D\UÕPÕQÕ�
NHVLQOHúWLULU��³YHULPVL]´�3E�ELOHúLNOHULQLQ�X]DNODúPDVÕ���������RUDQÕ�LOH�YH�204Pb 

LúDUHWLQLQ�\R÷XQOX÷X� LOH� GHQHWOHQLU��%X�RUDQ����-4 veya daha az ise veriyi elde 

HWPHN� LoLQ� DQDOLWLN� \|QWHPH� GHYDP� HGLOLU��%X�GXUXPGD�EXKDUODúPD� VÕFDNOÕ÷Õ� HQ�
D]ÕQGDQ� ����ºC¶GH� DUWDU� YH� L\RQODúPD� ILODPDQÕQ� ÕVÕWÕOPDVÕ� NHVLOLU�� 6HoLOPLú�
EXKDUODúPD�VÕFDNOÕ÷ÕQGD�EXKDUODúPDQÕQ��-���GDN�OÕN�E|O�P��L]OHQLU��3E�YH�EDúND�
HOHPHQW� YH\D� ELOHúLNOHULQ� EXKDUODúPDVÕ� YH� VR÷XN� L\RQODúPD� ILODPDQÕ� �]HULQGH�
VHUEHVWOHúHQ�PDWHU\DOOHULQ�ELULNLPL�NDUúÕ�NDUúÕ\D�HOGH�HGLOLU��%LULNLP�EXKDUODúPD�
DNÕPÕQÕQ�NHVLOPHVL\OH� GXUGXUXOXU�� ø\RQODúPD� ILODPDQÕ� DNÕPÕ�����ºC� FLYDUÕQGDNL�
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ELU� VÕFDNOÕ÷D� NDGDU� WHNUDU� \�NVHOLU�� %X� VÕFDNOÕN�� ELULNHQ� 3E+� L\RQODUÕQÕQ� \�NVHN�
GHUHFHGH�HWNLOL�ELU�ELoLPGH�GÕúDUÕ�YHULOPHVL�LoLQ�X\JXODQDQ�YH�X]XQ�V�UH����-100 

dak) içinde buluQGX÷X� VÕFDNOÕ÷D� \DNÕQGÕU�� dHúLWOL� GXUXPODUGD� oDUSDQ� �]HULQGH�
YHULQLQ�LON�WRSODQPDVÕ�ELU�SDUoD�DUWWÕUÕOPÕú�VÕFDNOÕNWD������ºC , 1-30 dak. süresince 

I=1*10-13-1*10-11$�� ELU� )DUDGD\� oRNOX� WRSOD\ÕFÕ� NXOODQÕODUDN� HOGH� HGLOHQ� YHUL\OH�
izlenebilir. Bu seriler farkOÕ� GHGHNW|U� VLVWHPOHULQLQ� KHVDSODQPDVÕQGD� YH�
IUDNVL\RQODQPD�\|QHOLPOHULQLQ�NRQWURO�QGH�NXOODQÕOPÕúWÕU� 

3E¶QXQ�\DQÕS�N�O�ROPDVÕQGDQ�VRQUD��L\RQODúPD�ILODPDQÕ�����ºC�FLYDUÕQGD�
DUWDQ� VÕFDNOÕNOD� WHPL]OHQLU�� 6RQUDVÕQGD� EDúND� ELU� WDQHGHQ� 3E� EXKDUODúWÕUPD�
G|Q�ú�P�� LoLQ� DUDo� JHUHoOHU� KD]ÕU� KDOH� JHWLULOLU�� 3E¶QXQ� DGÕP� DGÕP�
EXKDUODúWÕUÕOPDVÕQGD� ����-1527ºC¶\H� NDGDU� \DYDú� \DYDú� DUWÕUÕODUDN� ROXúWXUXODQ�
EXKDUODúPD� VÕFDNOÕNODUÕQGD� JHQHOOLNOH� ELUNDo� NHUH� X\JXODQDQ� L\RQODúPD�
ILODPDQÕQGD�ELULNHQ�L]RWRS�DQDOL]OHUL�³KDW�GÕúÕ�HNLSPDQ´�WDUDIÕQGDQ�L]OHQLU��.�o�N�
ELU� ³6H\ORQ´� ]LUNRQ� SDUoDVÕQGD� WDQÕPODQDQ� \|QWHPLQ� X\JXODQPDVÕ� LOH� W�UHWLOHQ�
YHULQLQ��RUWDODPD��ND\GÕ�ùHNLO������¶GH�J|VWHULOPHNWHGLU� 

1*10-13’e göre “Si-jel-J|P�OPH´�WHNQL÷LQLQ�YHULP�RUDQÕ�LOH�\DNÕQ�RODQ�EX�
teknik kullanÕODUDN�3E+�L\RQODUÕ�WHVW�|UQHNOHUGHQ�WDKPLQ�HGLOLU� 

207Pb/2063E� RUDQÕ� LoLQ� UXWLQ� RODUDN� HOGH� HGLOHQ� YHULQLQ� VWDQGDUW� VDSPDVÕ�
��¶GLU�� 9HULQLQ� GR÷UXOX÷X� ]LUNRQ� EXKDUODúPDVÕQÕQ� EDúODQJÕFÕ� V�UHVLQFH� L\RQ�
ND\QD÷ÕQGD�ELULNHQ�YH�ND\QD÷ÕQ�DUWÕUÕODQ�VÕFDNOÕ÷ÕQGDQ�GROD\Õ�WHNUDU�KDUHNHWOHQHQ�
\D\JÕQ� 3E� ELOHúLNOHUL� WDUDIÕQGDQ� HWNLOHQHELOLU�� <D\JÕQ� 3E�� EXQXQOD� ELUOLNWH�
ND\GHGLOHQ����������RUDQÕ� LOH� WDQÕPODQDELOLU��7RSODQDQ�YHULOHU��]HULQGHNL�\D\JÕQ�
3E�HWNLVL�N�o�N�ELU�\D\JÕQ�3E�G�]HOWPHVL�LOH�NROD\OÕNOD�RUWDGDQ�NDOGÕUÕODbilir. 
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ùHNLO� ���� =LUNRQ� EXKDUODúPD�� 3E+ emitör-J|P�OPH� WHNQL÷LQLQ� X\JXODQGÕ÷Õ� N�o�N� ELU�
µ6H\ORQ¶� ]LUNRQ� SDUoDVÕQGDQ� HOGH� HGLOHQ� RUWDODPD� 3E� L]RWRS� YHULOHULQLQ� ND\GÕ��
3DUoDFÕN�����.�������&�������.�������&�������.�������&��YH�����.�������&��
VÕFDNOÕNODU da 10’ar dak. bir çift-ILODPDQOÕ� NDWÕ� ND\QDNOÕ� 0$7���� N�WOH���
VSHNWURPHWUHVLQGH�EXKDUODúWÕUÕOPÕúWÕU� 

 

 

 
�����$NWLI�+DOH�*HWLULOHQ�%HOLUWHoOHULQ�'R÷DVÕ� 

 Zirkonlar bir çok-element sistemlerine sahip ve çok-ID]OÕ� NRPSOHNV� ELU�
\DSÕGD�RODUDN�ELOLQLU��+2O ve nDGLU�WRSUDN�HOHPHQWOHUH�HN�RODUDN��oR÷X�=U�YH�6L¶XQ�
yerini almayan düzinelerce daha pek çok iz elementi içerir, bu nedenle 

PLNURVNRELN�YH�VXEPLNURVNRELN�|OoHNWH�IDUNOÕ�HYUHOHUGHQ�ROXúXUODU��*|U]���������
Zirkonlardan harekete geçirilen belirteçlerin genel kXOODQÕODELOLUOL÷L� úX�DQD�NDGDU�
DUDúWÕUÕOPÕúWÕU��EXQXQOD�ELUOLNWH�NXUúXQXQ�oRN�ID]OÕ�N�PHOHULQ�\D\JÕQ�ELOHúHQOHULQL�
LoHUGL÷L� WDKPLQ�HGLOPHNWHGLU��(PLW|U� �\D\ÕFÕ�-gömülme testleri, bu yüzden nadir 

WRSUDN�HOHPHQWOHUL��=U��+I��8�YH�7K¶GDQ�ED]ÕODUÕ�YH�RNVLWOHULnin SiO2 LOH�NDUÕúÕPÕ�
�]HULQH� RGDNODQPÕúWÕU�� ø\L� ELU� úHNLOGH� SXGUD� KDOLQH� JHWLULOPLú� RNVLWOHU� �J�
PLNWDUÕQGD�+22� o|]HOWLOHUGHQ� LWLEDUHQ�5HQ\XP� ILODPDQ� �]HULQGH� ELULNWLULOPLúWLU��
Benzer miktarda SiO2� LOH�NDUÕúWÕUÕOPÕú�EX�RNVLWOHULQ�NDSODQPDVÕ�J|P�OPH\H�J|UH�
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Na2SiO3� HNOHQHUHN� \DSÕOÕU�� 6WDQGDUW� 3E� L]RWRSODUÕ� GDLPD� DVLWOHUOH� NDUÕúPDVÕ�
engellenerek üretilen saf H22¶GD� J|P�OPH\H� WDúÕQÕU� �|UQ��� 3E�6L22/POx Si-jel 

metodu). Sabit ve güçlü Pb+ iyon demetleri HfO2 ve SiO2¶QLQ� ELU� NDUÕúÕPÕ� RODQ�
\DOQÕ]FD� ELU� úHNLOGH� ROXúWXUXOXU�� ø\RQODU� YH� 3E+� L\RQ� \D\ÕOÕPÕQÕQ� VÕFDNOÕN� DODQÕ�
(1127-1227ºC��GR÷DO�]LUNRQODUGDQ�W�UH\HQ�J|P�OPH�LOH�EHQ]HUGLU��6RQXo�RODUDN��
harekete geçirilen belirteçlerin jeokronolojik olarak önemli olan radyojenik Pb ile 

ELUOLNWH�WHUPDO�RODUDN�HOH�DOÕQDQ�WHN�zirkondan direk bir biçimde serbest kalabilen 

HfO2 ve SiO2 ROGX÷X� YDUVD\ÕOÕU�� 7HUPDO� RODUDN� VDELW� 3E�+I22/SiO2� ELOHúL÷LQLQ�
YDUOÕ÷Õ�LOH��|UQ���3E+I6L25��VDELW�3E�VLOLNDW�IRVIDWODUOD�EHQ]HU�ELU�úHNLOGH�\DNODúÕN�
1127ºC� VÕFDNOÕNWD� SDUoDODUD� D\UÕOÕS� GD÷ÕOGÕ÷Õ� �PbSiO3’e göre yüksek) ve daha 

G�ú�N�VÕFDNOÕNODUGD������-727ºC���ROXúWX÷X�YDUVD\ÕOÕU� 
 *|P�OPHQLQ� WHUPDO� GDYUDQÕúÕQD� J|UH�� EHOLUWHoOHULQ� NDUÕúÕP� RUDQÕQD� YH�
yükleme türüne göre Pb+ iyonunun güçlü bir hassasiyetini gösteren HfO2/SiO2 

süspansiyonlu testler tekUDU� HGLOHUHN� QRW� HGLOPHOLGLU�� %X� RODVÕOÕNOD� 5HQ\XP�
ILODPDQ��]HULQGH�EHOLUWHoOHULQ�KHWHURMHQ�ELULNLPLQLQ�QHGHQ�ROGX÷X�� IDUNOÕ� úHNLOGH�
ROXúDQ�DODQODUÕQ��UHWLPLQGHQ�GROD\ÕGÕU��%X�W�U�DODQODUÕQ�YH�J|P�OPHQLQ�KRPRMHQ�
ROPD\DQ� ELOHúLPLQLQ� �UHWLPLQGH� ]LUNRQ� WDQHOHULQGHQ� GLUHN� EXKDUODúPD� ROPDVÕ�
GXUXPXQGDQ�NDoÕQÕOÕU��0ROHN�OHU�ELU�VSUH\�RODUDN�UDG\RMHQLN�3E�LOH�ELULOLNWH�³DNWLI�
hale getirilen EHOLUWHoOHU´�VHUEHVW�NDOÕU� 
 Pb+� L\RQODUÕQÕQ� HWNLOL� ELU� úHNLOGH� GÕúDUÕ� YHULOPHVL� LoLQ� NDEXO� HGLOHQ�
Pb/HfO2/SiO2� ELOHúLNOHULQLQ� |QHPL� GDKD� EDúND� GHQH\OHULQ� VRQXFX\OD� GD�
GHVWHNOHQPLúWLU��+I22�SXGUDVÕ�YH�DOWHUQDWLI�RODUDN�6L22 (NaSiO3�JLEL��EXKDUODúPD�
ILODPDQÕQGD�J|P�O��RODQ�GR÷DO� ]LUNRQODUOD� �³0DUEOH�0RXQWDLQV´�JUDQLWOHULQGHNL�
]LUNRQODU�� .REHU� ������ NDUúÕ� NDUúÕ\D� L\RQODúPD� ILODPDQÕQGD� ELULNWLULOPLúWLU��
Zirkonlar -����&¶GHQ�\DYDú�\DYDú�DUWWÕUÕODQ�VÕFDNOÕNWD�DGÕP�DGÕP�EXKDUODúPÕúWÕU��
+HU� ELU� EXKDUODúPD� DúDPDVÕQGD�� GHYDPOÕ� �� GDN�� \�]H\� ILODPDQÕQGDNL� J|P�OPH�
DODQÕQGDQ ROXúWXUXODQ�ELU�3E�L\RQ�GHPHWLQLQ�L]OHQPHVL�GHQHQLU��3E+ iyon yükü, her 

ELUL�D\UÕ�WDQHGHQ�ROXúWXUXODQ�QRUPDOL]H�HGLOPLú�WRSODP�3E+ iyon yükü ve 1, 2,…, i 

DúDPDODUÕ�LoLQ�ELUOHúWLULOPLú�L\RQODúPD�ILODPDQÕ��]HULQGHNL�LOHUL�JHOPLú�RODELOLU��%X�
KHVDSODPD� VRQXFXQGDNL� \�N� RUDQÕ� EXKDUODúPD� VÕFDNOÕ÷ÕQD� NDUúÕ� X\JXODQDQ�
EXKDUODúPD�DúDPDODUÕ�ELoLPLQGH�ùHNLO�����GH�J|VWHULOPLúWLU�� 
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ùHNLO�������9DNXP�NRúXOODUÕ�DOWÕQGD�GR÷DO�]LUNRQGDQ�6L22 ve HfO2�\D\ÕOÕPÕQÕQ��³J|U�QHQ´�
VÕFDNOÕNODUÕ�� =LUNRQODUGDQ� 6L22 ve HfO2¶QLQ� VHUEHVW� NDOÕúÕ� IDUNOÕ� VÕFDNOÕNODUGD�
VÕUDVÕ\OD�����.�������&��YH�����.�������&�¶GH�EDúODPÕúWÕU� 

 

 Sonuçlar zirkonlardaki HfO2 ve SiO2¶QLQ� VHUEHVW� NDOÕúÕ� LoLQ� �³J|U�Q�U´�
VÕFDNOÕNODU�� 6L22-1377ºC, HfO2-�����&�� KDILIoH� IDUNOÕ� VÕFDNOÕN� DODQODUÕQÕ�
J|VWHUPHNWHGLU��<DNODúÕN�����.¶GHQ�\XNDUÕGD�EDúOD\DQ�+I� VHUEHVWOHúPHVL�GR÷DO�
zirkonlara gömülme WHNQL÷LQLQ�X\JXODQPDVÕ�LoLQ�NRQWURO�IDNW|U�G�U�� 
 

 2.3. Kristal Zirkonda Pb’un Yeri  
<�NVHN�VÕFDNOÕNODUGD�NULVWDO�]LUNRQODUGDQ�UDG\RMHQLN�3E�HYDSRUDV\RQXQXQ�

J|]OHPOHQPLú� \HQLGHQ� �UHWLOHELOLU� |]HOOL÷L�� NULVWDOOHUGHNL� EX� L]RWRSODUÕQ� yerini 

VÕQÕUODU�� ELOLQPH\HQ� KHU� ELU� 3E� ELOHúLPL� JHQHO� RODUDN� =U6L24¶O�� NDWÕ� o|]HOWLGH�
]LUNRQ�NDIHVLQGH�ROXúXU�YH�\DOQÕ]FD�\�NVHN�VÕFDNOÕNODUGD�D\UÕúÕU��������ºC’de).  

7HUPDO�RODUDN�NULVWDOOHUGH�EXOXQDQ�VDELW�3E�ELOHúLPL�\DOQÕ]FD�PLQHUDOOHULQ�
WHPHO� \DSÕODUÕQGD� ROXúPXú� RODELOLU�� ùLPGL\H� NDGDU� ELOLQHQ� E�W�Q� 3E� ELOHúLPOHUL�
1377-1477ºC�VÕFDNOÕNWD�SDUoDODUD�D\UÕOÕU��.RSHO�YH�6����������X\XPOX��FRQFRUGDQW��
8�3E�VLVWHPL�LOH�NDUDNWHUL]H�HGLOHQ�]LUNRQGDNL�HOHPHQWOHULQ�oR÷XQXQ�X\XPOX�8�3E�
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L]RWRS� \D\ÕOÕPÕQÕ� ROXúWXUGX÷XQXQ� ELOLQGL÷LQL� LOHUL� V�UG�OHU�� 2QODUÕQ� WHUPDO�
stabilitesi Si-MHO� J|P�OPH� WHNQL÷LQLQ� |QHPLQH� LúDUHW� HGHU�� %XQXQOD� ELUOLNWH��
IRVIDWODU� JHQHOOLNOH� |QHPOL�PLNWDUGD�3E� RODUDN�NDEXO� HGLOLU��%X� RQODUÕQ� ��������
RUDQODUÕQGD� ROGX÷XQX� J|VWHULU�� &RPPRQ�\D\JÕQ� 3E� ELOHúHQOHUL� JHQHOOLNOH�
]LUNRQODUÕQ�HYDSRUDV\RQX�\�NVHN�VÕFDNOÕNWD�J|U�OPH]� 

5DG\RMHQLN� 3E� L]RWRSODUÕQGDQ� ROXúDQ� ]LUNRQ� NDIHVL� ELOHúHQOHULQLQ�
RUQDWÕOPDVÕ� G�ú�Q�OPHN� ]RUXQGDGÕU�� 3E� L]RWRSODUÕ� =U� LoLQ� X\JXQ� GH÷LOGLU� YH�
]LUNRQGDNL�+I�\DOQÕ]FD�RQODU���GXUXPXQGD�ROGXNODUÕQGD�X\JXQGXU��6RPPHUDXHU�
�������'L÷HU�ELU�GH\LúOH��RQODUÕQ�GDOJDODUÕ��=U4+ ve Hf4+¶�Q�HWNLOL�L\RQLN�GDOJDODUÕ��
0.72-0.84Å ve 0.71-0.83 Å, Pb2+ ve Pb4+¶�Q�HWNLOL�L\RQLN�GDOJDODUÕ������-1.29Å ve 

0.78-0.94Å; Shannon and Prewitt 1969) zirkon kafesine uymDN�LoLQ�oRN�ID]ODGÕU��
%XQXQ� DQODPÕ� ELU� PHNDQL]PDQÕQ� \�NVHN� RUDQGD� RNVLWOHQPLú� GXUXPGDNL�
\DSÕODQGÕUÕODQ�3E� L]RWRSODUÕQÕ�ROXúWXUGX÷X�NDEXO�HGLOPHN�]RUXQGDGÕU��5DG\RDNWLI�
ER]XQPDQÕQ� NHQGLVLQLQ� JHUHNOL� NRúXOODUGD� ROGX÷X� G�ú�Q�OHELOLU�� %LU� 8¶XQ� YH�
Th’un her bir� G|Q�ú�P�QGH� ELU� 3E� DWRPX� �-8He2+ ve 4-��- partikülleri serbest 

EÕUDNÕU�� %|\OHFH�� �- SDUWLN�OOHULQLQ� ND\QDN� NULVWDOOHULQGHQ� NRSPDVÕ� EDúDUÕOÕU��ù- 

SDUWLN�OOHULQLQ�oR÷X�|QHPOL�GHUHFHGH�GDKD�G�ú�N�ELU�DODQD�VDKLSWLU������-0.03 mm, 

Henderson ve Bateson 1934) vH�D÷ÕU�UDG\RMHQLN�L]RWRSODUÕ�WDúÕUODU��6RQXo�RODUDN��
NULVWDOOHUGH�GHQJHVL]�ELU�NDOÕFÕ�GH÷LúLP�ROXúXU��3R]LWLI�DúÕUÕ�GH÷LúLP�+H2+ veya He+ 

LOH� JHUoHNOHúWLULOLU�� 5DG\RMHQLN� L]RWRSODU� |]HOOLNOH� UDG\RMHQLN� 3E� L]RWRSODUÕ� LOH�
elektron verme, zirkon kafesinde rad\RMHQLN�3E�NXOODQÕPÕ� LOH�GH÷LúLPLQ�\HQLGHQ�
GD÷ÕOÕPÕQÕQ�VD÷ODQPDVÕQGD�|QHPOL�ELU�V�UHo�RODELOLU� 

 

 2.4. Sonuçlar  
 .DWÕ� ND\QDNOÕ� VSHNWURPHWUHOHULQ� L\RQ� ND\QD÷ÕQGDNL� ]LUNRQODUÕQ� WHUPDO�
X\XPX�]LUNRQXQ�|QHPOL�|]HOOLNOHULQL�DoÕNODPÕúWÕU��*|]OHPOHQPLú�ROD\ODU��ooklu- iz 

HOHPHQW� \D\ÕOÕPÕ�� oRNOX-ID]� WRSOXOXNODUÕ� YH� IDUNOÕ� NULVWDO� \DSÕODUÕ�� EX� PLQHUDOGH�
NDUDNWHUL]H�HGLOHQ�E�W�Q�\DSÕODUÕQ�ÕúÕ÷ÕQGD�WDUWÕúÕODELOLU� 
 7HN�ELU�WDQHGH�RODQ�GDKD�D]�NDUDUOÕ�ID]ODU�\DOQÕ]FD�G�ú�NWHQ�RUWD�GHUHFH\H�
NDGDU�RODQ�VÕFDNOÕNWDQ�HWNLOHQLUOHU��=LUNRQ�LoHUPH\HQ�LQNO�]\RQODUÕQ�EXKDUODúPDVÕ�
YH�DPRUI�DODQODUÕQ�RQDUÕOPDVÕ�HVQDVÕQGD�3E�ELOHúHQOHUL���oR÷XQOXNOD�UDG\RMHQLN�YH�
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\D\JÕQ� 3E¶QXQ� oHúLWOL� NDUÕúÕPODUÕQÕQ� ROGX÷X� WDQHGHQ� D\UÕOÕUODU�� %|\OHFH�� WHUPDO�
RODUDN� WDQHGHQ� VHUEHVW� NDOÕúODUÕQÕQ� NRQWUolü 2043E� LúDUHWOHUL� L]OHQHUHN�
NROD\ODúWÕUÕODELOLU�� 'DKD� \�NVHN� VÕFDNOÕNWDNL� ������&�� IDUNOÕ� ÕVÕ� GH÷LúWLULOPLú� Lo�
\�]H\OL�ELU�NULVWDOGH�VRQXoODQÕU��2�DUWÕN�3E�LKWLYD�HWPH]��6RQXo�RODUDN�VÕFDNOÕ÷ÕQ�
GDKD�ID]ODVÕ�GXUD\OÕ�ID]ODUGDNL�³WHPL]OHQPLú´�3E��U�Q�G�U� 
 1327ºC-�����&¶OLN� VÕFDNOÕN� RUDQODUÕQGD\NHQ� NULVWDOLQ� ]LUNRQ� DODQODUÕQGD�
\HQL� ELU� RUJDQL]DV\RQ� EDúODU�� 8-Th-3E� \D\ÕOÕPÕQÕQ� ROXúXPX� YH� GDKD� ID]OD�
HOHPHQWOHU�PXKWHPHOHQ�L]�HOHPHQW�VLOLNDWODUÕQÕQ�SDUoDODUÕQÕQ�EDúODQJÕFÕQÕ�J|VWHULU��
%X� VÕFDNOÕNODUGD� =U6L24 matriks hala korunur, fakat önceki iz element 

VHUEHVWOHúPHVL� YH� \D\ÕOÕPÕ� LOH� RODVÕOÕNOD� WHWLNOHQHQ� QRNWD� KDVDU� ELULNLPLQH� YH� L]�
HOHPHQWOHULQ�\HQLGHQ�GD÷ÕWÕPÕQD�PDUX]�NDOPÕú�JLEL�J|U�Q�U�������&�¶LQ��VW�QGHNL�
VÕFDNOÕNODUGD� 6L22� |QHPOL� PLNWDUGD� X]DNODúWÕ÷Õ� G�ú�nülür. SiO2 gerekli 

VÕFDNOÕNODUGD� o|]�OHQ� L]� HOHPHQW� VLOLNDWODUÕQGDQ� YH� 8� YH� 7K¶XQ� UDG\RDNWLI�
ER]XQPDVÕ� GXUXPXQGD� SDUoDODQDQ� XUDQ\XP� YH� WRU\XP� VLOLNDWODUGDQ� oÕNDELOLU. 
øODYH� 6L22� WDQHOHUGH� EXOXQDQ� ]LUNRQ� ROPD\DQ� LQNO�]\RQODUGDQ� YH� RQDUÕOPÕú�
metamikt alanlaUGDQ�VD÷ODQDELOLU�� 
 'DKD�ID]OD�DUWDQ�VÕFDNOÕNODUGD�������&¶GH��\�NVHN�VÕFDNOÕN�NRúXOODUÕQGDNL�
kristal kafeslerin yeniden düzenlenmesi taneden HfO2¶QLQ�VHUEHVW�NDOÕúÕ�LOH�GHYDP�
HGHU��+I¶LQ�N�o�N�ELU�SDUoDVÕQÕQ�EX�VÕFDNOÕNODUGD�KDUHNHWOHQGL÷L�YDUVD\ÕOÕU��gUn., 

NULVWDOLQ� ]LUNRQGD� QRNWD� KDVDUODUÕQ� \HQLGHQ� GD÷ÕOÕPÕQGDQ� GROD\Õ�� YH\D�RQDUÕOPÕú�
PHWDPLNW�DODQODUGDNL�NLP\DVDO�UHDNVL\RQODUGDQ�GROD\Õ� 
 5DG\RMHQLN� 3E� L]RWRSODUÕ� DVÕO� L]� HOHPHQWOHUOH� ELUOLNWH� NULVWDO� ]LUNRQ�
DODQODUÕQGDQ� D\UÕOÕU�� .DIHVLQ� \HQLGHQ� RUJDQL]DVyonunda radyojenik Pb 

ELOHúLPOHULQLQ� \D\ÕOÕPÕ� YH� =U¶ODUD� EHQ]HU� RODQ� 3E� PRELOL]DV\RQX� LoLQ� \�NVHN�
EXKDUODúPD�VÕFDNOÕNODUÕ�NDUDUOÕ�DODQODUGDNL�UDG\RMHQLN�3E�oHNLUGHNOHULQL�J|VWHULU��� 
  Zirkon tanelerinden Hf ve SiO2¶QLQ� VHUEHVW� NDOÕúÕ� YH� D\QÕ� ]DPDQGD�oR÷X�
NDUDUOÕ� HYUHOHUGH� UDG\RMHQLN� 3E¶QXQ� EXKDUODúPDVÕ� WHN� ]LUNRQODUGD� 3E� L]RWRS�
DQDOL]OHUL� LoLQ� LOHUL� WHNQLNOHULQ� ROXúWXUXOPDVÕ� LoLQ� WHPHOGLU�� 9DNXP� NRúXOODUÕ�
DOWÕQGD�WHUPDO�RODUDN�NDUDUOÕ�3E�+I�6L22�ELOHúLNOHUL��3E+I6L25?) Pb, HfO ve SiO2 

NDUÕúÕPODUÕQÕ� ROXúWXUur. Pb+ � L\RQODUÕQÕQ� VHUEHVW� NDOÕúÕ\OD� LúDUHW� HGLOHQ� EX�
ELOHúLPOHULQ� SDUoDODQPD� UHDNVL\RQODUÕ�� \DOQÕ]FD� ����.� �]HULQGHNL� VÕFDNOÕNWD�
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EXOXQDELOLU��%X�QHGHQOH�NDUDUOÕ�ELOHúLPOHU�7K,06�LOH�3E�L]RWRS�DQDOL]OHUL�LoLQ�HWNLOL�
Pb+� L\RQX� YHULFL� RODUDN� NXOODQÕODELOLU�� 2QODUÕQ� DúÕUÕ� WHUPDO� NDUDUOÕOÕNODUÕQD� J|UH�
PbSiO3’e göre daha üstündürler ve Pb-fosfat-silikatlara denktirler. 

 7HUPDO� L\RQ� ND\QDNOÕ� ELU� N�WOH� VSHNWURPHWUHVLQGH� 3E�+I�6L22� ELOHúLNOHUL�
LoLQ�.REHU��������WDUDIÕQGDQ�WDQÕPODQGÕ÷Õ�JLEL�oLIW�ILODPDQ�NXOODQÕODELOLU��.DUDUOÕ�
ELOHúLNOHU�EXKDUODúPD�ILODPDQÕ�LoLQGH�NRQXOPXú�WDQH�LOH�NDUúÕ�NDUúÕ\D�RODQ�ILODPDQ�
�]HULQH�EXKDUODúPÕú�ELOHúLNOHULQ�ELULNWLULOPHVL�LOH�ROXúWXUXOXU� 
 ø]RWRS� VWDQGDUW� o|]HOWLOL� YH� GR÷DO� ]LUNRQ� WDQHOL� WHVWOHU� ELU� J|P�OPHGHQ�
Pb+¶QÕQ� GÕúDUÕ� YHULOGL÷L� WHN� WDQH� EXKDUODúPD� NRPELQDV\RQXQXQ� 3URWH]R\LN� YH�
3DOHR]R\LN�]LUNRQ�WRSOXOXNODUÕQD�X\JXQ�ROGX÷XQX�J|VWHUPLúWLU�� 
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(.� %g/h0� &�� 3$5d$/$10$� ø=ø� �),66,21-TRACK) 

-(27(502.52120(75ø� <g17(0ø1ø1�7(0(/� 35(16ø3/(5ø� 9(�
-(2/2-ø.�8<*8/$0$�$/$1/$RI 

 

���1h./((5�3$5d$/$10$��),66,21��6h5(d/(5ø� 
 �1�NOHHU�SDUoDODQPD�D÷ÕU��NDUDUVÕ]��UDG\RDNWLI��L]RWRSODUÕQ�LoLQGH�PH\GDQD�
JHOHQ�ELUNDo�SDUoDODQPD�úHNOLQGHQ�ELULGLU��%X�SDUoDODQPD�UHDNVL\RQXQGD��NDUDUVÕ]�
oHNLUGHN� ER\XWODUÕ� ELUELULQGHQ� IDUNOÕ� RODQ� LNL� NÕ]� L]RWRSD� D\UÕOÕU�� %|O�QPH�
UHDNVL\RQODUÕ�NHQGLOL÷LQGHQ�YH\D�Q|WURQ�ERPEDUGÕPDQÕ�LOH�\DSD\�RODUDN�PH\GDQD�
JHOPHNWHGLU�� 3DUoDODQPD� UHDNVL\RQODUÕ�� +DKQ� YH� 6WUDVVPDQQ� ������� WDUDIÕQGDQ�
2358� DWRPODUÕQÕQ� G�ú�N-HQHUMLOL� Q|WURQODUOD� ERPEDUGÕPDQ� HGLOPHVL� VRQXFX�
NHúIHGLOPLúWLU�� 
Bölünme reaksiyonu örnekleri;  

QnXeRuCf +++→− 4140108252 ��NHQGLOL÷LQGHQ�SDUoDODQPD�� 
QnKrBaU +++→ 393142238    �NHQGLOL÷LQGHQ�SDUoDODQPD��ùHNLO������� 

 QnLtHvUnU +++→→+ 335.951.138236235 (nükleer reaktörde termal nötron 

ERPEDUGÕPDQÕ�VRQXFX�ROXúDQ�SDUoDODQPD��ùHNLO������� 
Her bir bölünme reaksiyonu birkaç nötronun ve Q enerjisinin büyük bir 

PLNWDUÕQÕQ��WLSLN�RODUDN�����0H9��EX�HQHUML�( PF2�IRUP�O�QH�J|UH�RUWD\D�oÕNDQ�
HQHUMLGLU��oRN�oDEXN�ELU�úHNLOGH�GÕúDUÕ�DWÕOPDVÕQD�QHGHQ�RODFDNWÕU��%X�HQHrji esasen 

KHU� LNLVL� GH� SR]LWLI� RODUDN� \�NOHQPLú�� \�NVHN� KÕ]GD� NDUúÕ� \|QOHUGH� ELUELULQGHQ�
X]DNODúDUDN� KDUHNHW� HGHQ� LNL� E|O�QPH� SDUoDFÕ÷ÕQÕQ� NLQHWLN� HQHUMLVLQGHQ� GROD\Õ�
(E=1/2 mV2��\DNODúÕN�( a����0H9�RODUDN�RUWD\D�oÕNPDNWDGÕU��� 

%|O�QHQ�L]RWRS�\DOÕWNDQ�ELU�NDWÕQÕQ��NULVWDO���NDIHV�DWRPXQGD�LVH��E|O�QPH�
UHDNVL\RQX�KHU�LNL�SDUoDFÕN�\|U�QJHOHUL�ER\XQFD�parçalanma izi denilen bir hasar 

L]L�\DUDWDFDNWÕU� 
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ùHNLO� ���� 2388� DWRPXQXQ� NHQGLOL÷LQGHQ� SDUoDODQPDVÕ� �2388� DWRPX� oHNLUGH÷LQGHQ� ��
nötronu atarak 142Ba ve 93.U� DWRPODUÕQD� D\UÕOÕU�� ���� \�NO�� RODQ� EX� LNL� DWRP�
ELUELULQL�LWHU�RUWD\D�oÕNDQ�HQHUML�VRQXFXQGD�ER]XODQ�NULVWDO�NDIHVLQGH�ELU�KDVDU�L]L�
PH\GDQD�JHOLU��ROD\ÕQÕQ�úHPDWLN�J|VWHULPL��:DJQHU������� 
 

3DUoDODQPD� L]L� UHDNVL\RQODUÕ� JHQHOGH� LNLOLGLU�� EXQXQ� DQODPÕ� oHkirdek iki 

NÕ]�SDUoDFÕ÷D� D\UÕOÕU��%X�SDUoDFÕNODU� D\QÕ� L]RWRSXQ�SDUoDODQPDVÕQÕQ� VRQXFX�ROVD�
ELOH� KHU� ]DPDQ� D\QÕ� GH÷LOGLU�� .HQGLOL÷LQGHQ� 252Cf ve nükleer reaktörde termal 

Q|WURQODUOD� ERPEDUGÕPDQ� VRQXFX� ROXúDQ� 2358� SDUoDODQPD� UHDNVL\RQODUÕ� �]HULQH�
tekrarlar, EX�QHGHQOH�EX�DWRPODUÕQ�P�PN�Q�RODQ�oR÷X�SDUoDODQPD�G�]HQOHULQGHQ�
\DOQÕ]FD� ELULQL� J|VWHULU��gUQHNOHUGH� J|VWHULOGL÷L� JLEL� oR÷X�NH]��NÕ]� L]RWRSODU� HúLW�
ROPD\DQ� N�WOHOHUH� VDKLSWLU�� %X� \�]GHQ� SDUoDODQPD� UHDNVL\RQODUÕQÕQ� DVLPHWULN�
ROGX÷X�V|\OHQHELOLU�� 
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ùHNLO 1.2: 2358� DWRPXQXQ� Q�NOHHU� UHDNW|UGH� WHUPDO� Q|WURQOD� ERPEDUGÕPDQ� HGLOPHVL�
VRQXFX�PH\GDQD�JHOHQ�SDUoDODQPD�ROD\Õ��%RPEDUGÕPDQGDQ�|QFH�DSDWLW�PLQHUDOL�
�]HULQH� XUDQ\XP� LoHUL÷L� VÕIÕU� RODQ� ELU� GHGHNW|U� \DSÕúWÕUÕOÕU�� 7ermal nötronlarla 

ERPEDUGÕPDQ� HGLOHQ� DSDWLW minerali içerisinde olan 2358� GHQJHVL�� IÕUODWÕODQ� ELU�
nötron ile bozulur öncelikle 2368� DWRPXQD� G|Q�ú�U� YH� oRN� NÕVD� ELU� V�UH� VRQUD�
SDUoDODQPD�JHUoHNOHúLU��3DUoDODQPD�LOH�ELUOLNWH�+Y��KHDY\��YH�/W��OLJWK��LNL�DWRPD�
D\UÕODQ�2368�E�Q\HVLQGHQ���Q|WURQ�DoÕ÷D�oÕNDU�YH�EX�VÕUDGD�GHGHNW|U��PXVNRYLW��
üzerinde hasar izleri meydana gelir) 

 

���3$57ø.h/�ø=/(5ø�9(�3$5d$/$10$�ø=/(5ø 
�����.DWÕODUGDNL�3DUWLN�O�ø]OHUL��*HQHOOHPHOHU 
<�NO�� ELU� SDUWLN�O�� \DOÕWNDQ� ELU� NDWÕ� LoHULVLQGHQ� KÕ]OD� JHoWL÷LQGH�� JHoPLú�

ROGX÷X�\|Q�ER\XQFD�GDU�ELU�KDVDU�L]L�JHOLúLU��3DUWLN�O�VWDELO�KDOH�XODúWÕNWDQ�VRQUD�
NDWÕ� LoHULVLQGH� NDODQ�EX� KDVDU� L]L�“yüklü partikül izi” (charged particle track) 

veya “nükleer iz” (nuclear track) RODUDN� DGODQGÕUÕOÕU�� ø]OHULQ� EX� úHNLOGH�
ND\GHGLOGL÷L�NDWÕ�JHQHOOLNOH�dedektör�RODUDN�DGODQGÕUÕOÕU� 

�+HUKDQJL� ELU� Q�NOHHU� L]LQ� X]XQOX÷X�� SDUWLN�O�Q� \�N�� YH� HQHUMLVL� LOH�
GHGHNW|U�Q�ELOHúLPLQH�ED÷OÕ�RODUDN��FDP��PLQHUDO��SODVWLN���P’ den birkaç mm’ye 

+Y�����
�����

8���
��

1�NOHHU�UHDNW|UGH�WHUPDO�Q|WURQOD
ERPEDUGÐPDQ�VRQXFXQGD

ROXÒDQ�SDUoDODQPD�UHDNVL\RQX

Q

8���
��

/W�����
�����

����0H9
���0H9

Q
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NDGDU�GH÷LúHELOPHNWHGLU�� ø]OHULQ�JHQLúOL÷L� LVH�E�\�N�|Oo�GH�VXEPLNURVNRELN�ROXS�
birkaç nm (nanometre) seviyesindedir.  

.DWÕODUGD�EX�úHNLOGH�PH\GDQD�JHOHQ�Q�NOHHU� L]OHU��JHQHO�RODUDN��NLP\DVDO�
GD÷ODPD�PDO]HPHOHUL�LOH�PXDPHOH�HGLOGLNOHULQGH��EX�NLP\DVDOODU��L]OHUGHQ�LoHUL\H�
GR÷UX� NROD\FD� Q�IX]� HGHUHN� L]OHULQ� EHOLUOL� E�\�WPHOHUGHNL� RSWLN�PLkroskoplarla 

J|U�QHELOLU� KDOH� JHOPHVLQL� VD÷ODUODU�� .LP\DVDO� GD÷ODQPD�� L]OHUL� ELU� ER\XWWD�
JHQLúOHWLU�YH�L]OHU�RSWLN�PLNURVNRS�DOWÕQGD�J|]OHQHELOLU�KDOH�JHOLU��3ULFH�YH�:DONHU��
����G���2SWLN�PLNURVNRS�DOWÕQGD�J|]OHQHPH\HQ�GD÷ODQPDPÕú� L]�JHQHOGH�gizli iz 

(latent track) RODUDN�DGODQGÕUÕOÕU�� 
1�NOHHU� L]� oDOÕúPDODUÕ�� GH÷LúLN� ELOLP�GDOODUÕQGD� UDG\RPHWULN� \DúODQGÕUPD�

\|QWHPL� GH� GDKLO� ROPDN��]HUH� ROGXNoD� JHQLú� ELU� X\JXODPD� DODQÕ� EXOPXú� LVH�GH��
JL]OL� L]OHUL� ROXúWXUDQ� V�UHoOHU� LOH� EX� L]OHULQ� \DSÕODUÕ� NRQXVXQGD� KHQ�]� Wam 

DQODPÕ\OD�X]ODúPD�VD÷ODQDPDPÕúWÕU�� 
 

�����*L]OL�ø]OHULQ�<DSÕVÕ 
�������ø]�JHQLúOL÷L 

 $úÕUÕ�GHUHFHGH�N�o�N�ROPDODUÕQGDQ�GROD\Õ�ELU�Q�NOHHU�L]LQ�ER\XWXQX�NHVLQ�
RODUDN� WDQÕPODPDN� ]RUGXU�� 1�NOHHU� L]� oDOÕúPDODUÕQÕQ� \D\JÕQODúPDVÕQGDQ� |QFHNL�
G|QHPOHUGH��GR÷DO�YH�VHQWHWLN�PLNDODUGD�XUDQ\XPXQ�SDUoDODQPDVÕ\OD�ROXúDQ�JL]OL�
Q�NOHHU� L]OHULQ� PLNURIRWR÷UDIÕ�� JHoLULPOL� HOHNWURQ� PLNURVNREXQGD� �WUDQVPLWWHG�
HOHFURQ�PLFURVFRSH��7(0��NRQWUDVW�GLIUDNVL\RQ�NRúXOODUÕQGD�oHNLOPLúWLU��3ULFH�YH�
Walker, 1962 a,b). TEM görüntüleriyle elde edilen bu izler, ∼ 10 nm’ lik bir 

JHQLúOL÷H� VDKLS� NR\X� oL]JLOHU� úHNOLQGH� RUWD\D� oÕNPÕúWÕU�� 7(0� J|U�QW�OHULQGH�
NULVWDO� NDIHV� LoHULVLQGHNL� KDVDUOÕ� E|OJHGH� PH\GDQD� JHOHQ� HOHNWURQ� GLIUDNVL\RQX�
QHGHQL\OH� RUWD\D� oÕNDQ� YH�∼� ��� QP¶� OLN� JHQLúOL÷H� VDKLS� RODQ� Eu nükleer izlerin 

JHQLúOL÷L�� EX� L]OHULQ�PDNVLPXP�JHQLúOL÷L�RODUDN�\RUXPODQPÕúWÕU��+LGURIORULN�DVLW�
LOH�NÕVD�ELU�]DPDQ�DUDOÕ÷Õ�ER\XQFD�JHUoHNOHúWLULOHQ�NLP\DVDO�GD÷ODPD�LúOHPLQGHQ�
VRQUD�LVH�PHUNH]L�L]�NDQDOODUÕ�RODUDN�GH÷HUOHQGLULOHQ�YH�oDSODUÕ����-4 nm araVÕQGD�
GH÷LúHQ�GDKD�N�o�N�oDSOÕ�L]OHU�GH�J|U�QW�OHQHELOPLúWLU��3ULFH�YH�:DONHU�������F���
'DKD� VRQUDODUÕ� �<DGD� YH� GL÷��� ������ ������ WDUDIÕQGDQ� \�U�W�OHQ� \�NVHN�
çözünürlüklü elektron mikroskobu (High Resolution Electron Microscopy; 
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+5(0�� oDOÕúPDODUÕQGD� ]LUNRQ kristallerindeki uranyum parçalanma izlerinin 

J|U�QW�OHUL� HOGH� HGLOHELOPLúWLU��%X�J|U�Q�POHUGH� L]OHU�� NDIHV� G�]OHPOHUL\OH� RODQ�
DoÕODUÕQD�ED÷OÕ�RODUDN�JHQLúOLNOHUL����-��QP�DUDVÕQGD�GH÷LúHQ�oL]JLVHO�KDVDU� L]OHUL�
RODUDN�J|U�OPHNWHGLU��ùHNLO������� 

  
ùHNLO� 2.1. =LUNRQ� PLQHUDOLQLQ� ���� \�]H\L� LOH� �úHNLOGHNL� \�]H\�� IDUNOÕ� DoÕODU� \DSDQ� �o�

uranyum parçalanma izinin (A, B ve C) yüksek geçirimli elektron mikroskobu 

DOWÕQGDNL�J|U�Q�P���2NODU�QRNWD�KDVDUODUÕQÕQ�\|Q�Q��EHOLUWPHNWHGLU��:DJQHU�YH�
Van den haute, 1992) 

 
ø]� JHQLúOLNOHULQL� |OoPHN� LoLQ� ELUoRN� GROD\OÕ� \|QWHPOHU� JHOLúWLULOPLúWLU��

(OHNWULNVHO� |Oo�POHU�� PXVNRYLW� PLND� LoHULVLQGHNL� JL]OL� L]� oDSODUÕQÕQ� �-7 nm 

ER\XWXQGD� ROGX÷XQX� J|VWHUPLúWLU� �%HDQ� YH� GL÷��� ������� (OHNWULNVHO� |Oo�P�
\|QWHPLQGH�DúD÷ÕGD�EHOLUWLOHQ�WHNQLNOHU�NXOODQÕOPÕúWÕU� 

�ø]�LoHUHQ�LQFH�ELU�GHGHNW|U��D\QÕ�]DPDQGD�NLP\DVDO�GD÷OD\ÕFÕ�DVLW�LúOHYL�GH�
RODQ� ELU� HOHNWUROLW� LoHULVLQH� E|OPHOL� ELU� GXYDU� úHNOLQGH� \HUOHúWLULOPLúWLU�� %X�
G�]HQHNWH��L]OHULQ�oDSODUÕQÕQ�LONVHO�GH÷HUL�YH�GD÷ODPD\D�ED÷OÕ�RODUDN�L]�oDSÕQGDki 

E�\�PH�KÕ]Õ��LOHWNHQOLNWHNL�GH÷LúLPLQ�ELU�IRQNVL\RQX�RODUDN�LúOHPHNWHGLU�� 
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%LU� GL÷HU� \|QWHPGH� LVH� GH÷LúLN� HQHUMLOHUH� VDKLS� D÷ÕU� L\RQODU� WDUDIÕQGDQ�
ERPEDUGÕPDQ�HGLOHQ��GHGHNW|UOHUH��PLND��SODVWLN��N�o�N�DoÕOÕ�;-ÕúÕQÕ�YH\D�Q|WURQ�
VDoÕQÕPÕ�X\JXODQPÕúWÕU��$OEUHFKW�YH�GL÷����������������%X�GHQH\OHULQ�VRQXFXQGD��
L\RQODUÕQ� N�WOH� YH� HQHUMLOHULQH� ED÷OÕ� RODUDN� KDVDU� \DUÕoDSODUÕ� �-�� QP� DUDVÕQGD�
GH÷LúHQ�DUDOÕNODUGD�|Oo�OP�úW�U�� 
 <XNDUÕGD�EDKVHGLOHQ�GHQH\VHO�oDOÕúPDODUGD�HOGH�HGLOHQ�YHULOHU�JHQHO�RODUDN�
úX� úHNLOGH� |]HWOHQHELOLU�� <�NOHQPLú� D÷ÕU� SDUWLN�OOHULQ� PLQHUDOOHUGH� EÕUDNWÕNODUÕ�
L]OHU�\�NVHN�GHUHFHGH�KDVDUD�X÷UDPÕú�ELU� oHNLUGHN�]RQXQD�VDKLSWLU��%X�oHNLUGHN�
]RQXQXQ�JHQLúOL÷L���QP�YH\D�GDKD�G�ú�N�GH÷HUOHUGH�ROXS��GDKD�D]�RUDQGD�KDVDU�
LoHUHQ�YH�\DNODúÕN����QP�\H�NDGDU�XODúDELOHQ��ELU�NXúDN�LOH�oHYUHOHQLU��%�W�Q�EX�
GXUXPODUGD�� JHUHN� oHNLUGHN� ]RQXQXQ�� JHUHNVH� oHYUHVLQGHNL� GDKD� D]� KDVDUOÕ�
NXúD÷ÕQ� oDSODUÕ�� GHGHNW|U�Q� ELOHúLPLQH� YH� D\QÕ� ]DPDQGD� ERPEDUGÕPDQ� HGHQ�
SDUoDFÕ÷ÕQ�HQHUMLVLQH�ED÷OÕ�RODUDN�GH÷LúLP�J|VWHUHELOLU��� 
 

2����ø]�2OXúXPX 

 %X�oDOÕúPD�NDSVDPÕQGD�SDUoDODQPD� L]OHULQLQ�GDKD�oRN� MHRORMLN�PDO]HPH�
YH�RUWDPODUGDNL�X\JXODPDVÕ�NRQX�HGLOGL÷LQGHQ�� L]�ROXúXPX\OD� LOJLOL� WHPHO� WHRULN�
ELOJLOHU� LoLQ� EDúOÕFD� )L]LN� ELOLPL\OH� LOJLOL� WHPHO� HVHUOHUH� EDúYXUXOPDVÕ�
önerilmektedir. Bu� HVHUOHU� DUDVÕQGD� |UQH÷LQ� )OHLVFKHU� YH� GL÷�� �������� /HKPDQQ�
��������YH�'XUDQL�YH�%XOO��������VD\ÕODELOLU� 

$÷ÕU� YH� \�NO�� ELU� SDUWLN�O�� ELU� NDWÕ� LoHULVLQGH� \�NVHN�KÕ]OD� KDUHNHW� HWWL÷L�
]DPDQ��EX�\�NO��YH�KÕ]OÕ�SDUWLN�O�LOH�NDWÕQÕQ�DWRP�YH�HOHNWURQODUÕ�DUDVÕQGa bir dizi 

HWNLOHúLPOHU�PH\GDQD�JHOLU�NL�EX�HWNLOHúLPOHU�VRQXFXQGD�SDUWLN�O�Q�KÕ]Õ�WHGULFL�ELU�
úHNLOGH� D]DOÕU� YH� QLKD\HW� KDUHNHWL� VRQD� HUHU�� 3DUWLN�O� WDUDIÕQGDQ� DOÕQDQ� \RO�
“menzil”� �UDQJH�� RODUDN� DGODQGÕUÕOÕU�� 0HQ]LO� oHúLWOL� úHNLOOHUGH� WDQÕPODQDELOLU��
örne÷LQ�� EDúODQJÕo� YH\D� ELWLú� QRNWDODUÕQÕ� ELUOHúWLUHQ� ELU� YHNW|U� RODUDN�
WDQÕPODQGÕ÷ÕQGD�� PHQ]LO� YHNW|U�� ³Rv”� RODUDN� WDQÕPODQÕU�� %DúODQJÕo� YH� ELWLú�
QRNWDODUÕ� DUDVÕQGD� DOÕQDQ� \ROXQ� WRSODP� X]XQOX÷X� RODUDN� WDQÕPODQGÕ÷ÕQGD� LVH�
toplam menzil veya çizgisel menzil “R”� RODUDN� WDQÕPODQÕU�� 3DUWLN�O� WDUDIÕQGDQ�
DOÕQDQ�\RO�G�]�ROGX÷XQGD��NL�JHQHOOLNOH�L]�SDUoDFÕNODUÕ�JLEL�D÷ÕU�SDUWLN�OOHULQ�DOGÕ÷Õ�
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\RO�EX�úHNLOGH�G�]G�U��PHQ]LO�5�GH÷HUL�Rv = R�RODUDN� WDQÕPODQÕU��\DQL�ELU�GL÷HU�
GH\LúOH�YHNW|UHO�PHQ]LO�LOH�oL]JLVHO�PHQ]LO�ELUELUOHULQH�HúLW�ROPDNWDGÕU� 

3DUWLN�O�Q�KDUHNHW�HWWL÷L�\|U�QJH�ER\XQFD�ELULP�X]DNOÕNWD�ND\EHWWL÷L�HQHUML�
PLNWDUÕQD� � dxdE /− ) “durma gücü”� �VWRSSLQJ� SRZHU�� GHQLOLU�� ø]� ROXúWXUDQ�
KHUKDQJL� ELU� \�NO�� SDUWLN�O�Q� KÕ]ÕQÕQ� \DYDúODPDVÕ� EDúOÕFD� LNL� W�U� HWNLOHúLPLQ�
VRQXFX� RODUDN� RUWD\D� oÕNPDNWDGÕU�� %XQODUGDQ� ELULQFLVL�� NDWÕQÕQ� NDIHVLQGHNL�
DWRPODUOD� oDUSÕúPDVÕ� �Q�NOHHU� oDUSÕúPD�� Q�NOHHU� GXUPD� J�F���� LNLQFLVL� LVH�
HOHNWURQODUOD� ROXúWXUGX÷X� HWNLOHúLPOHUGLU� NL� HOHNWURQODUOD� PH\GDQD� JHOHQ� EX�
HWNLOHúLPOHU�� HOHNWURQODUÕQ� X\DUÕOPDVÕQD� YH\D� \|U�QJHOHULQGHQ� DWÕOPDVÕQD� VHEHS�
ROPDNWDGÕU�� %X� GXUXPGD� GD� NDIHV� DWRPODUÕQÕQ� L\RQODúPD� ROD\Õ� PH\GDQD�
JHOPHNWHGLU� �HOHNWURQLN� oDUSÕúPD�� HOHNWURQLN� GXUPD� J�F���� %X� ROD\�� D\QÕ�
zamanda, “fission-track jeotermokronolojisi” olarak da bilinen “parçalanma izi 

jeotermokronolojisi”�\|QWHPLQLQ�DVÕO�QHGHQLQL�ROXúWXUPDNWDGÕU��%X�GXUXP��ùHNLO�
����GH�úX�úHNLOGH�|]HWOHQHELOLU�� 

(A)� <�NOHQPLú� SDUWLN�O� \�NVHN� KÕ]OD� NDWÕ� LoHULVLQGH� KDUHNHW� HGHUNHQ��
HOHNWURQLN� HWNLOHúLP� YH\D� HOHNWURQLN� oDUSÕúPD� QHGHQL\OH� ED]Õ� DWRPODU�
HOHNWURQODUÕQÕ�ND\EHGHUHN�SR]LWLI�\�NO��L\RQODU�KDOLQH�JHOLUOHU�YH�EX�SR]LWLI�\�NO��
L\RQODU� \�NO�� SDUWLN�O�Q� NDWÕ� LoHULVLQGHNL� KDUHNHW� J�]HUJDKÕ� ER\XQFD� PH\GDQD�
JHOGLNOHULQGHQ�EXQODU�D\QÕ�]DPDQGD�ELU�oL]JLVHO�GL]LOLP�GH�ROXúWXUXUODU�� 

(B) Yan yana duran benzer yüklü atomlar birbirlerini iterler ve böylece bir 

VHUL�ERúOXN�DODQÕ�PH\GDQD�JHWLULOHU�� 
(C)�%X�ERúOXN�“parçalanma izi”��ILVVLRQ�WUDFN��RODUDN�WDQÕPODQÕU 
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ùHNLO������)OHLVFKHU�YH�GL÷���������WDUDIÕQGDQ�WDQÕPODQDQ�L]�ROXúXPXQXQ��o�DúDPDVÕ���$��
<�NOHQPLú� SDUWLN�O�Q� KDUHNHWL� LOH� DWRPODUÕQ� NDIHVOHULQGH� PH\GDQD� JHOHQ�
L\RQODúPD���%��&RXORPE�JHUL�WHSNLPHVLQH�J|UH��L\RQODUÕQ�DWRP�NDIHVOHULQGH�\HU�
GH÷LúWLUPHVL���&��3DUoDODQPD�L]OHULQLQ�ROXúXPX��:DJQHU�YH�9DQ�GHQ�KDXWH������� 
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3. PA5d$/$10$� ø=ø� 5$'<20(75ø.� <$ù� 7$<ø1ø� 7(0(/�
'(1./(0ø  

+HUKDQJL�ELU� L]RWRSLN�\DúODQGÕUPD�PHWRGX��GL÷HU�ELU�GH\LúOH� UDG\RPHWULN�
\Dú� WD\LQL��GR÷DO�RODUDN�EXOXQDQ�YH�UDG\RDNWLI�|]HOOL÷L�RODQ�HEHYH\Q��SDUHQW��ELU�
L]RWRSXQ��NDUDUOÕ�ELU�GR÷XUJDQ��GDXJKWHU��L]RWRSD�G|Q�úPHVL�HVDVÕQD�GD\DQÕU��%X�
HVDV�úX�úHNLOGH�IRUP�OL]H�HGLOLU���� 

       

ND=(NP)0 – NP 

Formülde; 

ND�  � GR÷DO� RODUDN� EXOXQDQ� YH� UDG\RDNWLI� |]HOOL÷H� VDKLS� RODQ� HEHYH\Q� L]RWRSXQ�
SDUoDODQPDVÕ�LOH�ROXúPXú�GR÷XUJDQ�L]RWRS 

(NP)0�� �HEHYH\Q�L]RWRSXQ�W ��DQÕQGDNL�LONVHO�PLNWDUÕ 
NP�� �HEHYH\Q�L]RWRSXQ�úX�DQGDNL�|Oo�OP�ú�PLNWDUÕQÕ�J|VWHULU� 
 

ND = (NP)0 - NP IRUP�O��LOH�J|VWHULOHQ�ROD\ÕQ�]DPDQ�LoHULVLQGHNL�GH÷LúLPL�YH\D�
]DPDQD�RODQ�ED÷ÕPOÕOÕ÷Õ�úX�úHNLOGH�LIDGH�HGLOHELOLU� 
NP  d/dt = - λ NP ED÷ÕQWÕVÕQÕQ�W ��LNHQ�LQWHJUDOL�DOÕQGÕ÷ÕQGD 
NP = (NP)0 e-λt 

 (NP)0 = NP eλt 

ND = NP eλt - NP 

ND = NP (eλλt - 1)   

IRUP�O�QH� XODúÕOPÕú� ROXQXU�� %X� IRUP�O� SDUoDODQPD� L]L� PHWRGXQX� GD� NDSVD\DQ�
L]RWRSLN�\Dú�WD\LQL�\|QWHPOHULQLQ�oR÷XQOX÷X�LoLQ�JHoHUOL�RODQ�WHPHO�ELU�IRUP�OG�U� 

ND = NP (eλt  - 1)   

%X�WHRULN�KHVDSODPDQÕQ�)7�\|QWHPLQH�X\JXODQPDVÕQGD�LVH�1D yerine U238 

L]RWRSXQXQ� NHQGLOL÷LQGHQ� SDUoDODQPDVÕ� �VSRQWDQHRXV� ILVVLRQ�� VRQXFX� ROXúDQ�
L]OHULQ� �WUDFN�� VD\ÕOPDVÕ� LOH� HOGH� HGLOHQ� GH÷HU� �1D�� DOÕQPDNWDGÕU��NP yerine ise 

N238�DOÕQÕU�� 
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 ND= NP (eλt - 1) 

Buradaki λ� GH÷HUL� LVH�� VDGHFH� SDUoDODQPD� �ILVVLRQ�� LOH� ROXúDQ�λf� � GH÷LO��
D\QÕ� ]DPDQGD�8238 in Pb206 \D� G|Q�ú�P�QH� QHGHQ�RODQ�α� SDUoDODQPDVÕQÕ� LIDGH�
eden λ.¶GDQ�ROXúPDNWDGÕU��'L÷HU�ELU�GH\LúOH� 

λd = λα + λf 

NS = N238 (eλdt - 1) 

 NS = λf /λd  N238 (eλdt - 1) ( λd :toplam bozunma sabiti ) 

'L÷HU� WDUDIWDQ�� NHQGLOL÷LQGHQ� SDUoDODQPD� VDELWL� RODQ� λf 

GH÷HUL�α SDUoDODQPD� VDELWLQGHQ� oRN� N�o�N� ROGX÷X� LoLQ�� λd §� λα olarak 

DOÕQDELOPHNWHGLU��%X�QHGHQOH��\XNDUÕGDNL�IRUP�O 
NS = λf /λα N238 (eλαt - 1) úHNOLQGH�\D]ÕODELOPHNWHGLU�� 
 FRUP�OGH�W�GH÷HUL�oHNLOGL÷LQGH�LVH 

t = 1/λλαα  ln [ (λλαα / λλf ) (NS / N
238) + 1]   

 

formülü elde edilebilmektedir. Bu IRUP�OGHQ�LWLEDUHQ�LúOHP�\DSDELOPHN�LoLQ�8238 

PLNWDUÕQÕQ� EHOLUOHQPHVL� YH� NHQGLOL÷LQGHQ� SDUoDODQPD� �VSontaneous fission) ile 

ROXúDQ� L]OHULQ� �WUDFN�� VD\ÕVÕQÕQ� ELOLQPHVL� JHUHNOLGLU�� Böylece, formüldeki 

GH÷HUOHUGHQ�1S GH÷HUL�8238’ LQ� NHQGLOL÷LQGHQ� UDG\RDNWLI� SDUoDODQPD\D�X÷UDPDVÕ�
VRQXFX�ROXúPXú�L]OHULQ� �VSRQWDQHRXV� ILVVLRQ� WUDFN��PLNURVNRS�DOWÕQGD�VD\ÕPÕ� ile 

bulunur.  

  U238 GH÷HUL�LVH�úX�úHNLOGH�EXOXQXU� 
U235 / U238 = I  

olarak YH�VDELW�ELU�NDWVD\Õ�úHNOLQGH�NDEXO�HGLOPHNWHGLU� 
U235 =  I U238  

GL÷HU�WDUDIWDQ��KHUKDQJL�ELU�8235 izotopunun, nükleer reaktörde termal nötronlarla 

ERPEDUGÕPDQ� HGLOPHVL� VRQXFXQGD� ³LQGXFHG� ILVVLRQ� WUDFN´� PH\GDQD� JHWLUGL÷L�
bilinmektedir. 7HUPDO� Q|WURQODUOD� ERPEDUGÕPDQ� VÕUDVÕQGD�� 8235� DWRPODUÕQGDQ�
itibaren meydana gelen “induced fission-WUDFN´� PLNWDUÕ� �1i), U235� DWRPODUÕQÕQ�
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PLNWDUÕQD��1235), U235 atomunun cross-VHFWLRQ�GH÷HULQH��σ��YH�WHUPDO�Q|WURQ�DNÕVÕ�
NDWVD\ÕVÕQD��ϕ��ED÷OÕGÕU�� 
%X�L]OHULQ�PLNWDUÕ��úX�úHNLOGH�IRUP�OL]H�HGLOLU 
Ni = N235σ ϕ 

U235 =  I U238�ED÷ÕQWÕVÕQGDQ�KDUHNHWOH�Ni = N235 σ ϕ formülünden itibaren  

Ni = U238I σ ϕ formülü elde edilir.  

<XNDUÕGDNL�SDUDPHWUHOHU� 
          t = 1/λα  ln [ (λα / λf ) (NS/ N238) + 1]     

IRUP�O�QGH�\HULQH�NRQXOGX÷XQGD� 
t = 1/λλαα  ln [ (λλαα / λλf ) (NS / Ni) I σσ ϕϕ + 1]   

temel formülü elde edilmektedir. 

3DUoDODQPD�L]L�\Dú�|Oo�P��Q�NOHHU�UHDNW|UGH�LUUDG\DV\RQ�LOH�ROXúWXUXOPXú�
L]� \R÷XQOX÷XQD� J|UH� NHQGLOL÷LQGHQ� ROXúPXú� �IRVLO�� L]� RUDQÕQÕQ� EHOLUOHQPHVL� YH�
WHUPDO�Q|WURQ�DNÕúÕQÕQ�EHOLUOHQPHVLQH�G|Q�ú�U� 
 

t = 1/λα  ln [ (λα/ λf ) (Ns / Ni) I σ ϕ + 1] formülünde; 

 

• λα = α parçalanma sabiti (U238 için) 

• λf � �NHQGLOL÷LQGHQ�SDUoDODQPD��VSRQWDQeous fission) sabiti (U238 için) 

• NS�� �.HQGLOL÷LQGHQ�SDUoDODQPD\OD�ROXúDQ�SDUoDODQPD�L]OHUL 
• Ni = U235�LQ�WHUPDO�Q|WURQODUOD�ERPEDUGÕPDQÕ�VRQXFX�ROXúWXUXOPXú��LQGXFHG��

parçalanma izleri 

• I = U235 / U238GH÷HUL� 
• σ = U235 cross-section sabiti 

• ϕ  = termal Q|WURQ�NDWVD\ÕVÕGÕU� 
 

 Burada, úLPGL\H� NDGDU� EDKVHGLOHQ� GH÷HUOHUGHQ� JHUHN� 1S, gerekse Ni 

PLQHUDOLQ� ELULP� KDFPLQGH� EXOXQDQ� SDUoDODQPD� L]OHULQLQ� �ILVVLRQ� WUDFN�� VD\ÕVÕQÕ�
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göstermektedir. Oysa,�SDUoDODQPD�L]L�\DúODQGÕUPD�\|QWHPLQGH��PLNURVNRS�DOWÕQGD 
LNL� ER\XWOX� G�]OHP� LOH� NHVLúHQ� SDUoDODQPD� L]OHUL� |Oo�OPHNWHGLU�� Bu durumda, 

G�]OHPVHO�SDUoDODQPD�L]OHUL�VD\ÕVÕQD�δ GHQLOGL÷LQGH� 
 

δδS = NS RS ηηS f(t)S  qS  gS 

  δδi = Ni Ri ηηi f(t)i qi gi   

IRUP�OOHUL�RUWD\D�NRQXOPXúWXU��%X�IRUP�OOHUGH� 
• δS, i= düzlemsHO�SDUoDODQPD�L]L�\R÷XQOX÷X 

• gS, i  = geometri faktörü 

• NS, i  �VD\ÕODQ�SDUoDODQPD�L]L 
• RS, ii� �SDUoDODQPD�L]OHULQLQ�RUWDODPD�GD÷ODQPD�DUDOÕ÷Õ 
• ηS, i� �GD÷ODPD�\HWHUOLOL÷L�IDNW|U� 

• f(t) S, i� �GD÷ODPD�]DPDQ�IDNW|U� 

• qS, i = gözlem faktörüdür. 

 

'L÷HU�WDUDIWDQ��EX�IRUP�OGHNL�GH÷HUOHUGHQ  

gi / gS  = G 

ηi  f(t)i  qi   / ηS  f(t)S  qS  =  Q   

GHQLOGL÷LQGH�\XNDUÕGDNL�WHPHO�IRUP�O� 
 

t = 1/ λ .  ln [ (λ. / λf ) (δS / δi ) Q  G  I  σ ϕ +  1] 

úHNOLQGH�\D]ÕODELOLU� %X�SUDWLN�\Dú�GHQNOHPLGLU. 
 

• λ. = sabit 

• λf  = sabit 

• δS� �  � NHQGLOL÷LQGHQ� �VSRQWDQHRXV�� LOH� ROXúPXú� L]OHULQ� ELU� G�]OHPGHNL�
\R÷XQOX÷X 

• δi� �UHDNW|UGH�ROXúWXUXOPXú��LQGXFHG��L]OHULQ�ELU�G�]OHPGHNL�\R÷XQOX÷X 
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• 4� �oDOÕúÕODQ�ODERUDWXYDUÕQ�VDELW�GH÷HUL 
• G = sabit 

• I = sabit 

 

 

• σ = U235 cross-VHFWLRQ�GH÷HUL��VDELW� 
• ϕ = WHUPDO�Q|WURQ�DNÕVÕ��Q�NOHHU�UHDNW|U�VDELWL��RODUDN�ELOLQPHNWHGLU� 
 3UDWLN�\Dú�GHQNOHPLQGH�HQ�WDUWÕúPDOÕ�GH÷HUOHU� 
λf  = U238 spontaneous fission sabiti 

 I = U235 / U238�GH÷HUL� 
σ= U235 cross-VHFWLRQ�GH÷HUL��VDELW� 
ϕ= termDO�Q|WURQ�DNÕVÕ��Q�NOHHU�UHDNW|U�VDELWL� 
 

λf, 238U  NHQGLOL÷LQGHQ�ROXúPXú��IRVLO��SDUoDODQPDQÕQ�ER]XQPD�VDELWLGLU�YH� 
¾L\RQL]DV\RQ�RGDODUÕ�\D�GD�G|QHQ�NDEDUFÕN�RGDODUÕ��URWDWLQJ�EXEEOH�FKDPEHU��LOH�
direk ölçümler, 

¾ parçalanma ürünü ölçümlerini kapsayan radyokimyasal metotlar, 

¾� PLND� \D� GD� GL÷HU� GHGHNW|UOHUGH� GR÷DO� SDUoDODQPD� L]OHULQLQ� ELULNLPL� �� 8-

GHGHNW|U��VDQGYLo�PHWRWODUÕ��� 
¾ELOLQHQ�\Dú�|UQHNOHULQLQ�DQDOL]OHULQGH�NXOODQÕOÕU�� 
 

�����<DúODQGÕUPD�6LVWHPOHUL� 
������� 0XWODN� \DNODúÕP�� 0XWODN� \DNODúÕPÕQ� EDúOÕFD� LOJLVL�� |UQHN�

irradyasyonu süresince etkili olarak parçalanan 2358�DWRPODUÕ�NHVULQLQ�GR÷UX�ELU�
WHVSLWLQLQ� \DSÕOPDVÕGÕU�� %XQX� \DSPDQÕQ� HQ� HWNLOL� YH� GLUHNW� \ROX� ELU� XUDQ\XP�
monitörü kullanmak ve bir irradyasyondan sonra bu monitördeki parçalanma 

ürünlerini ölçmektir (örn., �-VSHNWURPHWUHVL� LOH��� %X� DPDo� LoLQ� NXOODQÕODQ�PHWDO�
PRQLW|UOHU�LVH�$X�YH�&R¶WÕU��GDKD�D]�RUDQGD�0Q�� 
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�������<Dú�VWDQGDUW�\DNODúÕPÕ����-metodu 

 

t = 1/ λ�. ln [ (λ.  / λf ) (δs/ δi ) Q G I  σ ϕ +  1]  

SUDWLN�\Dú�GHQNOHPLQGH I  σ ϕ/ λf = Z denilirse�\Dú�GHQNOHPL�úX�úHNLOGH�\HQLGHQ�
\D]ÕODELOLU� 

t = 1/ (λ. ln [ (λ. (δs/ δi ) Q G Z +  1]  

=� GH÷HUL�� D\QÕ� UHDNW|U� NRúXOODUÕQGD� �D\QÕ�ϕ�� YH� WDPDPHQ� D\QÕ� \|QWHPOH� DQDOL]�
HGLOHQ��ELOLQPH\HQ�\DúOÕ�|UQHNOH�ELUOLNWH�ÕúÕQODQPÕú��ELOLQHQ�ELU�ts yaú�VWDQGDUGÕQÕQ�
analizinden elde edilir. Standart analizden; 

Z= (eλ.ts -1) /  λ. (δS / δi )s G  

denklemi elde edilir.    

�-NDOLEUDV\RQ� PHWRGX� +XUIRUG� YH� *UHHQ� ������� ������ WDUDIÕQGDQ�
JHOLúWLULOHUHN� EX� \DNODúÕPD� |]HQOL� YH� GDKD� SUDWLN� ELU� \DNODúÕP� VXQXOPXú, bunun 

sonucunda 

��= (eλ.ts  - 1) / λ. � (δs/ δi )G 

  

��= (eλ.ts - 1) /λ. (δS / δi )sG δm 

GHQNOHPOHUL�HOGH�HGLOPLúWLU�� 
�-PHWRGX�NLúLVHO��ED]Õ�ER\XWODUD�J|UH�RODQ�NDOLEUDV\RQ�IDNW|UOHULQL�J|VWHULU��

%XQGDQ� GROD\Õ�� KHU� PLQHUDO� W�U�QGH� DQDOL]� \DSPDN� LVWH\HQ ve bu metodu 

X\JXODPDN� LVWH\HQ� KHU� DUDúWÕUPDFÕ� WDUDIÕQGDQ� NDOLEUDV\RQ� NLúLVHO� RODUDN�
X\JXODQPDOÕGÕU� 

�� -NDOLEUDV\RQ� PHWRGX�� KDOLKD]ÕUGD�� SDUoDODQPD� L]L� \Dú� WD\LQLQGH�
RODELOGL÷LQFH�GR÷UX�VRQXoODUD�XODúPDGD�|QHPOL�ELU�\|QWHPGLU��� 
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4. P$5d$/$10$�ø=ø�<$ù/$1',50$�<g17(0ø1ø1�-(2/2-ø- 
'(.ø�8<*8/$0$/$5,��'$ö�.8ù$./$5,1,1�<h=(</(10(6ø1'(�
(7.ø1�2/$1�=$0$1-SICAKLIK (t-7��02'(//(0(6ø� 
  

+HUKDQJL�ELU�PLQHUDO�LoLQGH�|Oo�OHQ�ELU�SDUoDODQPD�L]L�\DúÕ��ILVVLRQ-track 

DJH��� LON� EDNÕúWD�� EX� |UQHN� LoHULVLQde parçalama izlerinin birikmesi için geçen 

zaman dilimini gösteren bir fiziksel nicelik olarak kabul edilebilir. Bu fiziksel 

QLFHOLN� �UDG\RPHWULN� \Dú�� MHRORMLN� RODUDN� DQODPOÕ� RODELOHFH÷L� JLEL� DQODPVÕ]� GD�
RODELOLU�� gOo�OHQ� EX� IL]LNVHO� QLFHOL÷LQ� �\DúÕQ�� MHRlojik yorumu, jeolojik olarak 

DQODPOÕ� ELU� ROD\OD� ELUOLN� ROXúWXUXS� ROXúWXUPDGÕ÷ÕQÕ� NDSVDU�� g]HOOLNOH�� MHRORMLN�
RODUDN� DQODPOÕ� ELU� ROD\OD� ELUOLN� ROXúWXUGX÷X� RUWD\D� NRQXOGX÷XQGD�� EX� IL]LNVHO�
QLFHOLN�� DUWÕN� ELU� MHRORMLN� \Dú� RODUDN� GH÷HUOHQGLULOLU�� %X� QHGHQOH�� herhangi bir 

UDG\RPHWULN� \Dú� WD\LQL� oDOÕúPDVÕQGD�� |Oo�POHU� VRQXFXQGD� HOGH� HGLOHQ� IL]LNVHO�
QLFHOLNOHU� LOH� MHRORMLN�\RUXP�ELUELUOHULQGHQ�DoÕN�ELU�úHNLOGH�D\ÕUW�HGLOPHOL��EXQODU�
uzay-]DPDQ�LoHULVLQGH�ELU�E�W�QO�N�ROXúWXUGXNODUÕ�]DPDQ�MHRORMLN�RODUDN�DQODPOÕ�
vHULOHU� RODUDN� GH÷HUOHQGLULOPHOLGLU�� %|\OHFH�� ELU� SDUoDODQPD� L]L� \Dú� |Oo�P��
VÕUDVÕQGD� J|VWHULOHQ� DQDOLWLN� KDVVDVL\HW� YH� GLNNDW�� D\QÕ� ]DPDQGD� HOGH� HGLOHQ�
VRQXFXQ�MHRORMLN�\RUXPX�VÕUDVÕQGD�GD�J|VWHULOPHOLGLU��� 

*HQHOOLNOH��SDUoDODQPD�L]L�\DúÕ��|UQHNOHULQ�ROXúXP�\DúÕQGDQ�GDKD�JHQoWLU��
gUQH÷LQ�� ����� OL� \ÕOODUGD� EDúOÕFD� REVLGL\HQ� ROXúXNODUÕ� �]HULQGH� X\JXODQDQ�
SDUoDODQPD�L]L�\Dú�WD\LQOHULQGH�HOGH�HGLOHQ�LON�VRQXoODU�ROGXNoD�úDúÕUWÕFÕ�YH�KD\DO�
NÕUÕNOÕ÷ÕQD� X÷UDWÕFÕ� |]HOOLNOHU� VHUJLOHPLúWLU�� %X� GXUXPXQ� DQD� QHGHQL�� REsidiyen 

|UQH÷LQLQ� ROXúXPXQGDQ� LWLEDUHQ� PH\GDQD� JHOHQ� SDUoDODQPD� L]OHULQLQ�� |UQHN�
LoHULVLQGH� VDELW� RODUDN� NDOPDVÕ� |Q� NRúXOXQXQ� L\L� DQODúÕODPDPDVÕQGDQ�
ND\QDNODQPÕúWÕU�� ����¶� O�� \ÕOODUÕQ� EDúODUÕQGD� )OHLVFKHU� YH� 3ULFH� ������� *�QH\�
Avustralya ve Güney Asya’da bXOXQDQ� WHNWLWOHU� �DXVWUDOLWOHU� YH� LQGRúLQLWOHU��
�]HULQGH�oDOÕúÕUNHQ�� WHNWLW ROXúXPXQGD�EHNOHQHQ�����PLO\RQ�\ÕOGDQ�ROGXNoD�JHQo�
SDUoDODQPD� L]L� \DúODUÕ� HOGH� HWPLúOHUGLU�� $XVWUDOLWOHUGHQ� ELULQGH�� NHQGLOL÷LQGHQ�
ROXúDQ� L]OHUGH� DOWHUH� ROPXú� R\XN� J|U�Q�POHUL� J|]OHPOHPLúOHUGLU�� %X� ROXúXNODU�
�]HULQGH� \�U�W�OHQ� ODERUDWXYDU� oDOÕúPDODUÕ� VÕUDVÕQGD�� DXVWUDOLWOHUGHNL�SDUoDODQPD�
L]OHULQLQ� ÕVÕWPD� GHQH\OHUL� VÕUDVÕQGD� GDKD� \DYDú� GD÷ODQGÕNODUÕ� YH� ER\ODUÕQÕQ� GD�
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NÕVDOGÕ÷Õ� J|U�OP�úW�U�� %X� ODERUDWXDU� VRQXoODUÕQD� GD\DQDUDN�� )OHLVKHr ve Price 

��������DXVWUDOLWOHUGHNL�SDUoDODQPD�L]OHULQGH�J|U�OHQ�GH÷LúLPLQ��WHNWLWLQ�\HU\�]�QH�
G�úPHVLQGHQ� VRQUDNL� ELU� ]DPDQ� GLOLPLQGH� ÕVÕQPD\D� PDUX]� NDOPDVÕQGDQ�
W�UH\HELOHFH÷LQL� LOHUL� V�UP�úW�U�� %X� oDOÕúPDODUGDQ� oRN� NÕVD� ELU� ]DPDQ� VRQUD� GD�
GR÷DO� FDP� ROXúXNODUÕ� YH� PLQHUDOOHUGHNL� SDUoDODQPD� L]OHULQLQ� ]DPDQ� LoHULVLQGH�
GH÷LúLNOL÷H� X÷UD\DELOHFHNOHUL� YH� |]HOOLNOH� ER\ODUÕQÕQ� NÕVDODELOHFH÷L� JHUoH÷LQH�
XODúÕOPÕúWÕU��0DXUHWWH�YH�GL÷��������)OHLVKHU�YH�GL÷��������� 

<XNDUÕGD� EHOLUWLOHQ� JHOLúPHOHUOH� ELUOLNWH�� KHUKDQJL� ELU� MHRORMLN� ROXúX÷XQ�
SDUoDODQPD�L]L�\DúÕQÕQ��EX�ROXúX÷XQ��FDP�YH\D�PLQHUDO��LON�ROXúPD�\DúÕQGDQ�oRN�
JHQo� ROPDVÕ� GH]DYDQWDMÕ�� NÕVD� ELU� ]DPDQ� VRQUD� E�\�N� ELU� DYDQWDMD�
G|Q�úW�U�OP�úW�U�� d�QN��� SDUoDODQPD� L]OHULQLQ� ]DPDQ� YH� VÕFDNOÕ÷D� ED÷OÕ� RODUDN�
ER\ODUÕQÕQ� NÕVDOPDVÕ� ROD\ÕQGDQ� \DUDUODQÕODUDN�� GX\DUOÕ� ELU� MHRORMLN�
termokronometre yöntemi olan “fission-track jeotermokronolojisi” yönteminin 

WHPHOOHUL� DWÕOPÕúWÕU�� *�Q�P�]GH�� SDUoDODQPD� L]L� MHRWHUPRNURQRORML� oDOÕúPDODUÕ��
ND\DoODUÕQ� ROXúXP� \DúÕQÕ� EHOLUOHPHNWHQ� ]L\DGH�� EXQODUÕQ� \HU\�]�QH� XODúPDODUÕ�
�H[KXPDWLRQ�� VÕUDVÕQGD� a���� o&� QLQ� GDKD� DOWÕQGDNL� VÕFDNOÕNODUGD� HWNLQ� RODQ�
\�NVHOPH� WLSL�� KÕ]Õ�YH�KDQJL� ]DPDQ�DUDOÕNODUÕQGD�KDQJL�VÕFDNOÕNODUGDNL� MHRWHUPDO�
gradyandan etkilendiklerini konu alan zaman-VÕFDNOÕN�PRGHOOHPH�oDOÕúPDODUÕQGD�
\D\JÕQ�ELU�DQDOLWLN�\|QWHP�RODUDN�EDúDUÕOÕ�ELU�úHNLOGH�NXOODQÕOPDNWDGÕU��'L÷HU�ELU�
GH\LúOH�� SDUoDODQPD� L]L� \|QWHPL�� 5E-Sr ve K-$U� UDG\RPHWULN� \Dú� WD\LQL� JLEL�
\|QWHPOHULQ�HWNLOL�ROGX÷X�a���-500 o&�GHQ�GDKD�G�ú�N�VÕFDNOÕNODUGDQ�EDúOD\DUDN�
yeryüzüne \DNÕQ� E|OJHOHUGHNL� VÕFDNOÕNODUD� NDGDU� GH÷LúHQ� VÕFDNOÕN� DUDOÕ÷ÕQGDNL�
MHRWUHPRNURQRORMLN�VDDWWHNL�ERúOX÷X�NDSDWPDNWDGÕU�� 

<XNDUÕGDNL�E|O�POHUGH�WHRULN�RODUDN�WHPHO�SUHQVLSOHUL�YHULOHQ�SDUoDODQPD�
izi (fission-WUDFN�� UDG\RPHWULN� \Dú� WD\LQL� \|QWHPL� ROGXNoD� GH÷LúLN� MHRORMLN�
VRUXQODUÕQ� o|]�P�QGH� EDúDUÕ\OD� X\JXODQPDNWDGÕU��%XQODUGDQ� EDúOÕFDODUÕ� ���� GD÷�
NXúDNODUÕQÕQ� \�]H\OHQPH� WDULKoHVL� ���� E�Q\HOHULQGH� YRONDQ� FDPÕ� EXOXQGXUDQ�
SLURNODVWLN� \DWDNODQPDODUÕQ� \DúODQGÕUÕOPDVÕ� �WHIUDNURQRORML��� ���� EDVHQOHULQ�
epirojenik yükVHOLPL�� ���� ID\ODU� ER\XQFD� \HU� GH÷LúWLUPHQLQ�PLNWDUÕ� YH� \DúÕ�� ����
PDGHQ� \DWDNODUÕQÕQ� \DúÕ� YH� WHUPDO� WDULKoHVL�� ����PHWHRULW� oDUSPDVÕ�� ���� RN\DQXV�
WDEDQÕ�\D\ÕOPDVÕ������DUNHRPHWUL� 
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 Parçalanma izi (fission-WUDFN�� UDG\RPHWULN� \DúO� WD\LQL� \|QWHPL�� MHRORMLN�
arDúWÕUPDODUGD� NDEXN� GHIRUPDV\RQX� YH� HYULPL� NRQXODUÕQGD� HQ� |QHPOL�
SUREOHPOHUGHQ�ELULVLQL�ROXúWXUDQ�GD÷�NXúDNODUÕQÕQ�\�NVHOLPL� VÕUDVÕQGD�HWNLQ�RODQ�
\�NVHOPHQLQ� ���� \DúÕ�� ���� WLSL� YH� ���� KÕ]Õ¶QÕQ� DQDOLWLN� RODUDN� EHOLUOHQPHVLQL�
P�PN�Q� NÕOPDNWDGÕU�� gUQH÷LQ�� GD÷� NXúDNODUÕQGD� \DSÕVDO� XQVXUODUD� �GD÷�
NXúDNODUÕQÕQ� DQD� HNVHQL�� ID\ODU�� NÕYUÕPODU�� YE�� GLN� GR÷UXOWXGD� YH� EHOLUOL� ELU�
\�NVHNOLN�SURILOL�ER\XQFD�DOÕQDQ�|UQHNOHUGHQ�D\UÕODFDN�RODQ�DSDWLW�PLQHUDOOHULQGH�
\�U�W�OHFHN�SDUoDODQPD�L]L�UDG\RPHWULN�\Dú�WD\LQL�YHULOHUL�LOH�\�NVHOPHQLQ�\DúÕ�YH�
WLSL� �KÕ]OÕ� WHNWRQLN� \�NVHOPH� PL� \RNVD� NDEXNWDNL� LVRVWDWLN� GHQJH� JHUH÷L� RUWD\D�
oÕNDQ�GXUD÷DQ�\�NVHOPH�PL��EHOLUOHQLUNHQ��SDUoDODQPD�L]OHULQGH�JHUoHNOHúWLULOHFHN�
SDUoDODQPD�L]L�X]XQOXN�oDOÕúPDODUÕ�VRQXFXQGD�LVH�\�NVHOPH�VÕDUVÕQGD�HWNLn olan t-

T modellemesi elde edilebilmektedir. 

 
����� 6ÕFDNOÕN-Zaman (T-W� SDWK�� 0RGHOOHPHVL� YH� 3DUoDODQPD� ø]L�

8]XQOXN�'D÷ÕOÕPÕ 
%LU�|UQHNWHNL�SDUoDODQPD�L]L�ER\ODUÕQÕQ�GD÷ÕOÕPÕ��|UQH÷LQ�MHRORMLN�JHoPLúL�

ER\XQFD� PDUX]� NDOGÕ÷Õ� WHUPDO� HYULPL� J|VWHULU� YH� E|\OHFH� IDUNOÕ� ]DPDQ�
GLOLPOHULQGH� IDUNOÕ� ÕVÕVDO� JHoPLúH� VDKLS� RODQ� |UQHNOHU�� NHQGLOHULQH� |]J�� ELU�
SDUoDODQPD�L]L�ER\X�GD÷ÕOÕP�SDWHUQL�VHUJLOHUOHU��%X�\�]GHQ��PLQHUDOOHUGH�EXOXQDQ�
SDUoDODQPD� L]OHULQLQ� ER\ODUÕQÕQ� GD÷ÕOÕPÕQÕ� LQFHOHPHN� VXUHWL\OH�� R� |UQH÷L�
bulunduran kD\DFÕQ� MHRORMLN� ]DPDQ� LoHULVLQGH� PDUX]� NDOPÕú� ROGX÷X� ]DPDQ-

VÕFDNOÕN�PRGHOOHPHVL�HOGH�HGLOHELOLU�� 
0LQHUDOOHUGHNL� SDUoDODQPD� L]OHULQLQ� ER\ODUÕ�� PLQHUDO� KD]ÕUODPD� LúOHPOHUL�

VÕUDVÕQGD� DúÕQGÕUPD-SDUODWPD� V�UHoOHULQH� ED÷OÕ� RODUDN� PLQHUDO� \�]H\L� LOH� NHVLW�
yapmamÕú�DQFDN�PLQHUDO�\�]H\LQH�\DNÕQ�PHVDIHOHUGH�EXOXQDQ�YH�D\UÕFD�PLQHUDO�
\�]H\LQH�WDP�SDUDOHO�RODQ�YH�PLQHUDO�\�]H\L�LOH�EDúND�ELU�SDUoDODQPD�L]L�YH\D�ELU�
V�UHNVL]OLN� G�]OHPL� ER\XQFD� LUWLEDWÕ� RODQ� SDUoDODQPD� L]OHULQLQ� ER\X�|Oo�O�U��%X�
tür izlere “yatay hapsolPXú�L]OHU´��KRUL]RQWDO�FRQILQHG�WUDFNV��GHQLOLU� 

%X� L]OHU� PLQHUDO� \�]H\LQH� GR÷UX� ELU� EDúND� SDUoDODQPD� L]L� LOH�
LUWLEDWODQÕ\RUVD� ³SDUoDODQPD� L]L� LoHULVLQGHNL� SDUoDODQPD� L]L´� �WUDFN� LQ� WUDFN��
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7,17��� YH\D� ELU� V�UHNVL]OLN� G�]OHPL� ER\XQFD� LUWLEDWODQÕ\RUVD� ³NOLYDj içindeki 

SDUoDODQPD�L]L´��WUDFN�LQ�FOHYDJH��7,1&/(��RODUDN�DGODQGÕUÕOÕU� 
 

�����3DUoDODQPD�ø]OHULQLQ�'H÷LúLPH�8÷UDPDVÕ��$QQHDOLQJ�2QDUÕOPD�� 
Parçalanma izi (Fission-WUDFN�� \DúODQGÕUPD� \|QWHPLQGH� HOGH� HGLOHQ�

YHULOHULQ� MHRORMLN� \RUXPODQPDVÕ� VÕUDVÕQGD�� izlerLQ� GH÷LúLPH� X÷UD\DUDN�
ER\ODUÕQÕQ� NÕVDOPDVÕ� ROD\Õ� HQ� |QHPOL� SDUDPHWUH� ROXS� EDúOÕFD� DúD÷ÕGD� EHOLUWLOHQ�
QHGHQOHUGHQ�GROD\Õ�JHUoHNOHúPHNWHGLU�� 

1.� 6ÕFDNOÕN�� úRN� GDOJD� EDVÕQFÕ�� VXOX� o|]HOWLOHU� YH� L\RQODúWÕUÕFÕ� UDG\DV\RQ��
YE��GH÷LúLN�MHRORMLN�SDUDPHWUHOHU��]DPDQ�YH�PLNWDU�EDNÕPÕQGDQ�JHUHNOL�\HWHUOLOLNWH�
HWNLOL�ROGXNODUÕQGD��PLQHUDOOHUGH�ROXúPXú�RODQ�JL]OL�SDUoDODQPD� L]OHULQL� VLOHELOLU��
$QFDN�� úX� DQD� NDGDU� \DSÕODQ� oDOÕúPDODUGD� RUWD\D� NRQGX÷X� NDGDUÕ\OD�� EX�
SDUDPHWUHOHULQ�LoHULVLQGH�HQ�|QHPOL�RODQÕ�VÕFDNOÕNWÕU�   

 
 
 

oDWDN�YH\D�RUNOLYDM

KDSVROPXÒ�L]�FRQILQHGWUDFN�

KDSVROPXÒ�\DWD\�L]LQ�X]XQOXÎX
\�]H\

 
 

ùHNLO������ ø]�X]XQOXN�oDOÕúPDODUÕQGD�NXOODQÕODQ�LNL� WLS� L]��KDSVROPXú�L]OHU�YH�\�]H\GHNL�
L]OHU��:DJQHU�YH�9DQ�GHQ�KDXWH������¶�GHQ�DOÕQPÕúWÕU� 
 
2. Parçalanma izi içeren herhangi bir mineralin daha uzun süre ve daha 

\�NVHN�ÕVÕGD�RQDUÕPD��DQQHDOLQJ��PDUX]�NDOPDVÕ��EX�PLQHUDOGHNL�L]�\R÷XQOX÷XQXQ�
NDUDNWHULVWLN�ELU�úHNLOGH�D]DOPDVÕQD�\RO�DoDU�� 
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3.�6ÕFDNOÕN�DUWWÕUÕOGÕ÷ÕQGD�SDUoDODQPD�L]OHUL�DQLGHQ�ND\EROPD]ODU��RQDUÕOPD�
RODUDN� WDQÕPODQDELOHFHN� NÕVDOPD� WHGULFL� ELU� V�UHo� ROXS� GHUHFHOL� RODUDN� HWNLOL�
ROPDNWDGÕU��<RN�ROPD�\DYDú�\DYDú�JHOLúHQ�ELU�V�UHoWLU�� 

4.� 3DUoDODQPD� L]OHULQLQ� RQDUÕOPD� LúOHPLQH� �DQQHOLQJ�� PDUX]� NDOPDVÕ��
genellikle oldukça uzun zaman dilimini kapsayan jeolojik zamanlar boyunca 

PH\GDQD� JHOGL÷LQGHQ�� RQDUÕOPD� VÕFDNOÕ÷Õ� �DQQHDOLQJ� WHPSHUDWXUH�� ED÷ÕO� olarak 

GDKD� G�ú�NW�U�� 'L÷HU� WDUDIWDQ�� DSDWLW� YH� YRONDQ� FDPÕ� JLEL� ED]Õ� MHRORMLN�
PDO]HPHOHUGH�\HU\�]�QH�oRN�\DNÕQ�\�]H\�VÕFDNOÕ÷Õ�NRúXOODUÕQGD�GDKL�SDUoDODQPD�
L]OHULQLQ�KHUKDQJL�ELU�RQDUÕOPD�LúOHPLQH�PDUX]�NDODPD\DFD÷Õ�WDP�VWDELOLWH��]RQXQD�
�76=�� HULúLOHPH\HELOLU�� <DQL�� GL÷HU� ELU� GH\LúOH�� EX� W�U� PLQHUDO� YH� MHRORMLN�
PDO]HPHOHUGH� \HU\�]�QH� \DNÕQ� VÕ÷OÕNWDNL� VÕFDNOÕNODUGD� GDKL� MHRORMLN� ]DPDQODU�
ER\XQFD�L]OHULQ�RQDUÕOPDVÕ�LúOHPL�JHUoHNOHúHELOLU� 

5. Parçalanma izlerindeki termal stabilite karakteristikleri mineralden 

PLQHUDOH�GH÷LúLU��gUQH÷LQ��SDUoDODQPD�L]OHUL�VIHQ¶GHQ��]LUNRQ¶D�YH�DSDWLW¶H�GR÷UX�
GDKD� GD� DUWDQ� ELU� WHUPDO� NDUDUVÕ]OÕ÷D� VDKLSWLU��<DQL�� DSDWLWWHNL� SDUoDODQPD� L]OHUL�
GDKD�G�ú�N�VÕFDNOÕNWD��a����o&��RQDUÕOPD\D�PDUX]�NDOÕUNHQ��]LUNRQGD�ELUD]�GDKD�
\�NVHN� VÕFDNOÕNWD� �a���� o&�� YH� WLWDQLWWH� LVH� HQ� \�NVHN� VÕFDNOÕNWD� �a���� oC)  

meydana gelmektedir. 

 

%X�RQDUÕOPD�NDUDNWHULVWLNOHULQGHQ�GROD\Õ��D\QÕ�|UQHNWHNL�IRVLO�SDUoDODQPD�
izleri (fossil/spontaneous fission-WUDFNV�� LOH� |UQH÷LQ� Q�NOHHU� UHDNW|UGH� WHUPDO�
nötronlarla ERPEDUGÕPDQ� HGLOPHVL� VRQXFX� PH\GDQD� JHWLULOHQ� SDUoDODQPD� L]OHUL�
(induced fission-WUDFNV�� DUDVÕQGD� |QHPOL� ELU� IDUNOÕOÕN� EXOXQPDNWDGÕU�� %X� IDUN��
nükleer reaktörde meydana getirilen parçalanma izlerinin herhangi bir jeolojik 

]DPDQ�GLOLPL�ER\XQFD�VÕFDNOÕ÷D�PDUX]�NDOPDPÕú�ROPDVÕQGDQ�ND\QDNODQPDNWD�YH�
EX� QHGHQOH� WHRULN� RODUDN� PDNVLPXP� E�\�NO�NWHNL� SDUoDODQPD� L]L� X]XQOX÷XQD�
VDKLS�ROPDVÕQÕ�P�PN�Q�NÕOPDNWDGÕU��7LSLN�RODUDN�GL÷HU�SDUoDODQPD�L]OHULQH�J|UH�
GDKD� X]XQ� RODQ� EX� SDUoDODQPD� L]OHUL� D\QÕ� ]DPDQGD� GDU� ELU� GD÷ÕOÕP� DUDOÕ÷Õ�
VHUJLOHUOHU��ùHNLO�������%XQD�NDUúÕOÕN��IRVLO�SDUoDODQPD�L]OHUL�LVH�MHRORMLN�]DPDQODU�
ER\XQFD�PH\GDQD� JHOGLNOHULQGHQ� GROD\Õ�� MHRORMLN� ]DPDQODU� V�UHFLQFH� HWNLOL� RODQ�
MHRWHUPDO� JUDG\DQÕQ� QHGHQ� RODFD÷Õ� VÕFDNOÕNWDQ� HWNLOHQPLú� RODFDNODUGÕU� YH� EX�
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nedenOH� MHRORMLN�]DPDQÕQ�V�UHVL�YH� MHRWHUPDO�JUDG\DQÕQ�GHUHFHVLQH�J|UH�D]�YH\D�
oRN�RQDUÕOPD\D� �DQQHDOLQJ��PDUX]� NDOPÕú�RODFDNODUGÕU��%X�QHGHQOH�� IRVLO� L]OHULQ�
X]XQOX÷X�ED÷ÕO�RODUDN�GDKD�NÕVDGÕU�YH�GDKD�JHQLú�ELU�GD÷ÕOÕP�DUDOÕ÷ÕQGD�GH÷LúLP�
VXQDUODU��ùHNLO������� 

 
 

ùHNLO� �����$SDWLW�PLQHUDOOHUL� LoHULVLQGH� Q�NOHHU� UHDNW|UGH�PH\GDQD� JHWLULOHQ� KDSVROPXú�
SDUoDODQPD�L]OHULQLQ��VROGD��GDU�X]XQOXN�GD÷ÕOÕPÕ�YH�KDSVROPXú�IRVLO�SDUoDODQPD�
L]OHULQLQ� �VD÷GD�� JHQLú� X]XQOXN� GD÷ÕOÕPÕQÕQ� WLSLN� J|U�Q�P�� �*OHDGRZ� YH� GL÷���
1986) 

 

4���� 3DUoDODQPD� ø]OHULQGH� .ÕVPL� 2QDUÕOPD� �3DUWLDO� $QQHDOLQJ�� YH�
(WNLQ�.RUXQPD��(IIHFWLYH�5HWHQWLRQ��.DYUDPODUÕ� 

0LQHUDOOHU� YH� YRONDQ� FDPODUÕQGD� SDUoDODQPD� L]OHULQLQ� RQDUÕOPDVÕ�
NRQXVXQGD�\DSÕODQ� W�P�GHQH\OHUGH��EX� V�UHFLQ�GHUHFHOL�ELU� úHNLOGH�HWNLQ�ROGX÷X�
soQXFX� RUWD\D� oÕNPÕúWÕU�� 3DUoDODQPD� L]OHULQLQ� RQDUÕOPDVÕ� VÕUDVÕQGD� QRNWDVDO� ELU�
VÕFDNOÕN� GH÷HUL� \HULQH�� ELU� VÕFDNOÕN� DUDOÕ÷ÕQÕQ� HWNLQ� ROGX÷X� J|]OHPOHQPLúWLU�� %X�
J|]OHPOHU��LON�NH]�:DJQHU������E��WDUDIÕQGDQ�WDQÕPODQDQ�³NÕVPL�VWDELOLWH�]RQX´ 

NDYUDPÕ� \HULQH� ³NÕVPL� RQDUÕOPD� ]RQX� �.2=�´ (partial annealing zone-PAZ) 

NDYUDPÕQÕQ�WDQÕPODQPDVÕQD�\RO�DoPÕúWÕU��%X�NDYUDPD�J|UH��KHUKDQJL�ELU�MHRORMLN�
RUWDP�� SDUoDODQPD� L]LQLQ� VWDELO� ELU� úHNLOGH� NRUXQPDVÕ� YH\D� RQDUÕOPDVÕQD� ED÷OÕ�
RODUDN� �o� ]RQD� D\UÕOÕU�� 6ÕFDNOÕ÷ÕQ� DúD÷Õ\D� GR÷UX� DUWWÕ÷Õ� EX� ]RQODU� ùHNLO� ���¶� GH�
J|VWHULOPLúWLU�� 
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<�NVHN�VÕFDNOÕNODUGDNL�WRSODP�RQDUÕOPD zonu (total annealing zone) veya 

WRSODP�NDUDUVÕ]OÕN� ]RQXQGD “TKZ” (total instability zone-TIZ) (I no’lu zon), 

gizli parçalanma izleri (latent fission-WUDFNV��� ROXúXPODUÕQGDQ�KHPHQ� VRQUD� KÕ]OÕ�
ELU�úHNLOGH�RQDUÕODUDN�NDSDWÕOÕUODU��d�QN���SDUoDODQPD�L]LQLQ�ROXúXPXQX�VD÷OD\DQ�
V�UHoOHU�VÕUDVÕQGD�PLQHUDOLQ�NULVWDO�NDIHVLQGH�����\�NO��L\RQODU�KDOLQH�JHOHQ�YH�EX�
nedenle birbirlerini iterek kristal kafeste bir hasar izi veya \D\JÕQ� WDQÕPOD�
parçalanma izi meydana gelmesine neden olan bu (+) yüklü iyonlar, kristal kafes 

LoHULVLQGH� SDUoDODQPD� L]LQLQ� KHPHQ� \DNÕQODUÕQGD� ELU� \HUOHUGH� EXOXQPDNWDGÕU��
<�NVHN� VÕFDNOÕN� RUWDPÕQGD�� EX� ���� \�NO�� L\RQODU� WHNUDU� PRELOL]H� RODUDN� LONVHO�
yerleriQL�DOPDNWD�YH�E|\OHFH�ROXúDQ�JL]OL�SDUoDODQPD�L]L�KHPHQ�NDSDQPDNWDGÕU�� 

 
 

ùHNLO������Üç tip T-W�HYULP�PRGHOL�$��%��&�LoLQ�|Oo�OHQ�L]�X]XQOXN�\DúÕ�Wm��VR÷XPD�
]DPDQÕ� Wi� YH� NÕVPÕ� RQDUÕOPD� ]RQXQXQ� ELWLPLQGHQ� LWLEDUHQ� EDúOD\DQ� VR÷XPDQÕQ� \DúÕ� Wf 
gösterilmektediU��:DJQHU���������,��WDP�RQDUÕOPD�]RQX��72=���,,��NÕVPL�RQDUÕOPD�]RQX��
KOZ), III (toplam stabilite zonu; TSZ). to ROXúXP�\DúÕ��Wi=KOZ’nun taban kesimlerindeki 

VRQ� VR÷XPD� \DúÕ�� Wf  .2=¶QXQ� WDYDQ� NHVLPOHULQGHNL� VRQ� VR÷XPD� \DúÕ�� WP� �.2=¶QXQ�
taban ve tavan seYL\HOHUL� DUDVÕQGDNL� KHUKDQJL� ELU� VÕFDNOÕ÷D� DLW� |Oo�OHQ� \Dú� �Wm: ti>tm>tf) 

(Wagner, 1990) 
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.ÕVPL� RQDUÕOPD� ]RQXQGDNL “KOZ” (partial annealing zone-PAZ) (II 

no’lu zon)� RUWD� VÕFDNOÕNWD� LVH�� SDUoDODQPD� L]OHUL� WDP� RQDUÕOPD� \HULQH� NÕVPHQ�
RQDUÕOÕUODU��GL÷HU�ELU�GH\LúOH�\XNDUÕGD�EHOLUWLOHQ�����\�NO��L\RQODU��JL]OL�SDUoDODQPD�
L]LQL�WDP�RQDUPD�\HULQH�NÕVPHQ�RQDUÕUODU�� 

Toplam stabilite zonunda “TSZ” (total stabilite zonu-TSZ) (III no’lu 

zon)� G�ú�N� VÕFDNOÕN� DOWÕQGD� W�P� L]OHU� VWDELOGLU�� %X� ]RQ� LoHULVLQGH� EXOXQDQ� ELU�
örneN�� EX� ]RQ� �,,,� QR¶OX� ]RQ�� LoHULVLQGH� ROXúPXú� YH� G�ú�N� VÕFDNOÕNWDQ� GROD\Õ�
KHUKDQJL� ELU� RQDUÕOPD� LúOHPLQH�PDUX]� NDOPDPÕú� SDUoDODQPD� L]OHUL� LoHUHELOHFH÷L�
JLEL�� ,,�� QR¶OX� ]RQGD� ROXúPXú� YH� NÕVPL� RQDUÕOPD\D� PDUX]� NDOPÕú� SDUoDODQPD�
izlerini de içerebilir.  

Sonuç RODUDN�� SDUoDODQPD� L]L� MHRWHUPRNURQRORML� oDOÕúPDODUÕQGD��
SDUoDODQPD�L]OHULQLQ�NHVLQ�RODUDN�NRUXQPD\D�EDúODGÕ÷Õ�YH�KHUKDQJL�ELU�GH÷LúLPLQ�
DUWÕN�PH\GDQD� JHOHPH\HFH÷L� NHVLQ� VÕQÕUODUOD� WDQÕPODQPÕú� ELU� NDSDQPD� VÕFDNOÕ÷Õ�
(retention, closure, blocking temperature�� NDYUDPÕ� \RNWXU�� %XQXQ� \HULQH��
SDUoDODQPD� L]OHULQLQ� NÕVPHQ� RQDUÕOPD\D� EDúODQGÕ÷Õ� VÕFDNOÕN� LOH� NÕVPHQ�
RQDUÕOPDQÕQ� ELWWL÷L� VÕFDNOÕN� DUDOÕ÷Õ� LOH� WHPVLO� HGLOHQ� ELU� NÕVPL� RQDUÕOPD� VÕFDNOÕN�
DUDOÕ÷Õ� NDYUDPÕ� PHYFXWWXU�� %X� VÕFDNOÕN� DUDOÕNODUÕ� IDUNOÕ� PLQHUDOOHUGH� IDUNOÕ�
GH÷HUOHUGHGLU�YH�HQ� L\L� WDQÕPODQPÕú�RODQÕ� DSDWLW�PLQHUDOL� LoLQ� WDQÕPODQPÕú�ROXS��
NÕVPL�RQDUÕOPD�]RQXQXQ�DOW�VÕQÕUÕ�\DNODúÕN����-120 o&�YH��VW�VÕQÕUÕ LVH�\DNODúÕN�
70-40 oC DUDVÕQGDGÕU��:DJQHU�YH�9DQ�GHQ�KDXWH��������� 

'L÷HU� WDUDIWDQ�� NODVLN� MHRWHUPRNUonoloji yöntemlerinde ana izotoptan 

W�UH\HQ�NÕ]�L]RWRSXQ�ELULNPH\H�EDúODGÕ÷Õ�VÕFDNOÕ÷Õ�WDQÕPOD\DQ�NDSDQPD�VÕFDNOÕ÷Õ�
�FORVXUH� WHPSHUDWXUH�� �� EORNODPD� VÕFDNOÕ÷Õ� �EORFNLQJ� WHPSHUDWXUH�� YH\D� WXWPD�
VÕFDNOÕ÷Õ��UHWHQWLRQ�WHPSHUDWXUH��NDYUDPODUÕQÕQ��SDUoDODQPD�L]L jeotermokronoloji 

\|QWHPLQGHNL�NDUúÕOÕ÷Õ�LVH�SDUoDODQPD�L]OHULQLQ�HWNLQ�NRUXQPD�VÕFDNOÕ÷Õ��HIIHFWLYH�
UHWHQWLRQ�WHPSHUDWXUH��NDYUDPÕ�ROXS��EX�VÕFDNOÕN�GH÷HUL�IDUNOÕ�PLQHUDOOHUGH�IDUNOÕ�
GH÷HUOHUGH�ROXS��|UQH÷LQ��DSDWLW�PLQHUDOLQGH�\DNODúÕN�����oC;  zirkon ioLQ�\DNODúÕN 

210 o&�YH�WLWDQLW�LoLQ�LVH�\DNODúÕN 250 o&�RODUDN�|QHULOPLúWLU��:DJQHU�YH�9DQ�GHQ�
haute, 1992).  
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����� 6ÕFDNOÕN-Zaman Modellemesi (T-t-3DWK�� YH� 3DUoDODQPD� ø]L�
Birikimi 

+HUKDQJL� ELU� PLQHUDO� ,� QR¶OX� WRSODP� NDUDUVÕ]OÕN� ]RQXQGD� �VÕFDNOÕ÷ÕQ� HQ�
yüksHN� ROGX÷X� ]RQ�� NDOGÕ÷Õ� V�UHFH�� W�P� JL]OL� SDUoDODQPD� L]OHUL� �ODWHQW� ILVVLRQ-

WUDFNV��ROXúXPODUÕQGDQ�VRQUD�GHUKDO�RQDUÕODUDN�\RN�ROXUODU��ùHNLO�������0LQHUDO��EX�
]RQGD�NDOGÕ÷Õ� V�UHFH� KHUKDQJL�ELU�SDUoDODQPD� L]L� ELULNLPL�\RNWXU� YH� EX�QHGHQOH�
parçalanma izi jeoWHUPRNRUQRORML�\Dú�KHQ�]�VÕIÕU�GH÷HULQGHGLU� 

�6ÕFDNOÕ÷ÕQ� G�úPHVL� YH\D� GL÷HU� ELU� GH\LúOH� VR÷XPDQÕQ� EDúODPDVÕ\OD�
ELUOLNWH��PLQHUDO�NÕVPL�RQDUÕOPD�]RQXQD��,,�QR¶OX�]RQ��JLUHU�YH�EX�DQGDQ�LWLEDUHQ�
SDUoDODQPD� L]L� MHRWHUPRNURQRORML� VDDWL� oDOÕúPD\D� EDúODU�� %XQXQOa birlikte, 

SDUoDODQPD� L]L� MHRWHUPRNURQRORML� oDOÕúPDODUÕQGD�� J|]� |Q�QGH� EXOXQGXUXOPDVÕ�
JHUHNHQ�EDúOÕFD�LNL�|QHPOL�QRNWD�úX�úHNLOGH�YXUJXODQDELOLU� 

a-� 0LQHUDO� LoHULVLQGH� ROXúDQ� JL]OL� SDUoDODQPD� L]OHULQLQ� ND\ÕW� HGLOGL÷L�
EDúOÕFD� LNL�VÕFDNOÕN�]RQX�PHYFXW�ROXS��EXQODUGDQ�ELULVL�ED÷ÕO�RODUDN�RUWD�VÕFDNOÕN�
GH÷HUOHULQH� VDKLS� RODQ� NÕVPL� RQDUÕOPD� ]RQXGXU� NL� �,,� QR¶OX� ]RQ�� EX� ]RQGD� JL]OL�
SDUoDODQPD�L]OHUL�ED÷ÕO�RODUDN�GDKD�ID]OD�RQDUÕOPD�LúOHPLQH�PDUX]�NDOÕUODU��GL÷HUL�
LVH�GDKD�G�ú�N�VÕFDNOÕN�GH÷HULQH�VDKLS�RODQ�WRSODm stabilite zonu (III no’lu zon) 

ROXS��EX�]RQGDNL�RQDUÕOPD�LúOHPL�ED÷ÕO�RODUDN�GDKD�D]GÕU�YH\D�KLo�\RNWXU�� 
b-� .ÕVPHQ� RQDUÕOPD� LúOHPLQH� PDUX]� NDODQ� SDUoDODQPD� L]OHULQLQ� ER\ODUÕ�

GR÷DO�RODUDN�NÕVDOÕU�YH�PLQHUDOLQ�DQDOL]�HGLOGL÷L�\�]H\LQH�XODúPD�úDQVODUÕ�KHUKangi 

ELU�RQDUÕOPD�LúOHPLQH�PDUX]�NDOPDPÕú�SDUoDODQPD�L]OHULQH�J|UH�GDKD�D]GÕU�� 
 

3DUoDODQPD�L]L�ROXúXPX�YH�NÕVPL�RQDUÕOPD��NÕVPL�RQDUÕOPD�]RQX��,,�QR¶OX�
]RQ��LoHULVLQGH�D\QÕ�DQGD�ROXúWX÷X�LoLQ��PLQHUDOLQ�ELULP�DODQÕQGDNL�QHW�SDUoDODQPD�
L]L� ELULNLP� RUDQÕ�� EX� ]RQ� LoHULVLQGHNL� VÕFDNOÕ÷D� ED÷OÕGÕU�� |UQH÷LQ�� L]� VÕFDNOÕN�
D]DOGÕNoD�� GL÷HU� ELU� GH\LúOH� \�]H\H� \DNODúÕOGÕNoD� SDUoDODQPD� L]L� ELULNLP� RUDQÕ�
DUWDU�� %X� \�]GHQ� PLQHUDOLQ� ELULP� DODQÕQGD� ELULNHQ� SDUoDODQPD� L]L� \R÷XQOX÷X��
sadece parçalanma izi birikme süresini de÷LO� D\QÕ� ]DPDQGD� VÕFDNOÕN-zaman 

modellemesini de (T-W�SDWK��\DQVÕWÕU�� 
0LQHUDOGHNL�8�LoHUL÷LQH�ED÷OÕ�RODUDN�PH\GDQD�JHOHELOHFHN�SDUoDODQPD�L]L�

ELULNLPL�EDúOÕFD��o�GH÷LúLN�WHUPDO�HYULP�PRGHOL�RODUDN�RUWD\D�oÕNDU��ùHNLO�������%X�
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evrim modellerinin her birine�NDUúÕOÕN�JHOHQ�SDUoDODQPD�L]L�ELULNLPL�LVH�ùHNLO�����
�Q�DOW�NHVLPLQGH�J|VWHULOPLúWLU�� 

Her üç termal evrim modeli için de mineralin to� DQÕQGDNL� ROXúXP�
VÕFDNOÕ÷ÕQÕQ�,�QR¶OX�]RQ�LoHULVLQGH�ROGX÷X�NDEXO�HGLOLU� 

$�LOH�J|VWHULOHQ�YH�KÕ]OÕ�VR÷XPD\Õ�NDUDNWHUL]H�eden termal evrim modeli, 

EDúOÕFD�YRONDQLN�ND\DoODUGD�HWNLQ�RODQ�VR÷XPD\D�NDUúÕOÕN�JHOLU�NL�ND\Do�KÕ]OÕ�ELU�
úHNLOGH�VR÷X\DUDN�,,�QR¶OX�]RQX�oDEXFDN�JHoHU�YH�MHRORMLN�WDULKoHVL�ER\XQFD�GD�,,,�
no’lu zonda kalarak evrimini tamamlar.  

%�LOH�J|VWHULOHQ�YH�ED÷ÕO�RODUDN�GDKD�\DYDú�ELU�úHNLOGH�VR÷XPD\Õ�J|VWHUHQ�
termal evrim modeli� GDKD� oRN� \�NVHOPLú� WHPHO� ND\DoODUÕQÕ� LoHUHQ� E|OJHOHUGH�
JHoHUOL� ROXS�� SDUoDODQPD� L]L� ELULNLPL�� PLQHUDOLQ� ROXúXPXQGDQ� HSH\� ELU� ]DPDQ�
VRQUD� EDúODPDNWDGÕU�� <�NVHOPH\H� ED÷OÕ� RODUDN� G�úHQ� VÕFDNOÕN� QHGHQL\OH� NÕVPL�
RQDUÕOPD� ]RQXQD� �,,� QR¶OX� ]RQ�� JHoLú� VÕUDVÕQGD� SDUoDODQPD� L]L� ELULNLPL� GHUHFHOL�
RODUDN�DUWÕú�J|VWHULU��.D\DFÕQ�HYULPL�VÕUDVÕQGD�� ,,,�QR¶OX�]RQD�XODúÕOGÕNWDQ�VRQUD��
SDUoDODQPD�L]OHULQLQ�VD\ÕVÕ�oL]JLVHO�RODUDN�DUWDU��%X�GXUXPGD��|Oo�OHQ�Sarçalanma 

L]L� \DúODUÕ�� PLQHUDOLQ� Wo� ROXúXP� \DúÕQGDQ� ELU� KD\OL� N�o�N� RODFDN� YH� ,,� QR¶OX�
]RQGDNL�VR÷XPD�\DúÕQD�NDUúÕOÕN�JHOHFHNWLU� 

Daha kompleks termal evrim modelini gösteren C evrim modelinde ise, 

PLQHUDO�|QFH�QRUPDO�ELU� úHNLOGH�VR÷X\DUDN� ,,�QR¶OX�]RQD�YH hatta III no’lu zona 

XODúDELOLU�DQFDN�GDKD�VRQUD�WHNWRQLN�ROD\ODUOD�\HQLGHQ�ÕVÕQPD\D�X÷UD\DELOLU�YH�EX�
\HQLGHQ� ÕVÕQPD�V�UHFLQGH� ,� QR¶OX� ]RQXQ� VÕFDNOÕ÷ÕQD�XODúDPDGDQ�QRUPDO�VR÷XPD�
V�UHFL�ER\XQFD�VR÷X\DUDN�QLKD\HW�,,,�QR¶OX�]RQD�XODúDELOLU��.ÕVPL�RQDUÕOPD�]onu 

LoHULVLQGH� EXOXQGX÷X� V�UHFH�� DUWDQ� VÕFDNOÕ÷D� ED÷OÕ� RODUDN� RQDUÕOPD� QHGHQL\OH�
PLQHUDOGH�|QFHGHQ�ROXúDQ�SDUoDODQPD�L]OHULQLQ�ER\ODUÕ�NÕVDOÕU�YH�D\UÕFD�ELULNPLú�
SDUoDODQPD�L]OHULQLQ�VD\ÕVÕ�GD�D]DOÕU��%X�GXUXPGD�GD�|Oo�OHQ�SDUoDODQPD�L]L�\DúÕ��
mineralin to� ROXúXP� \DúÕQGDQ� N�o�NW�U�� &� WHUPDO� PRGHOLQGH�� \HQLGHQ� ÕVÕQPD�
VÕUDVÕQGD� ,� QR¶OX� ]RQGD� HWNLQ� RODQ� VÕFDNOÕ÷D� XODúÕOPDVÕ� GXUXPXQGD�� PLQHUDOGH�
|QFHGHQ� ROXúXP� RODQ� W�P� SDUoDODQPD� L]OHUL� WDP� RQDUÕOPD� QHGHQL\OH� \RN�
RODFD÷ÕQGDQ�� PLQHUDOLQ� EX� DQGDQ� VRQUDNL� WHUPDO� Hvrim modelini A veya B 

PRGHOLQGHQ�D\ÕUPDN�RODQDNVÕ]ODúDFDNWÕU�� 
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ùHNLO� ����� .HQGLOL÷LQGHQ� ROXúDQ� SDUoDODQPD� L]OHULQLQ� �VSRQWDQHRXV� ILVVLRQ� WUDFN��

birikiminde termal tarihçenin etkisi. to�ROXúXP�\DúÕ�D\QÕ�IDNDW�7-t evrim modelleri 

IDUNOÕ�RODQ��o�KLSRWHWLN�|UQHN��GL\DJUDPÕQ��VW�NHVLPLQGHNL� L]�RQDUÕOPD�]RQX�LOH�
LOLúNLOL�RODUDN�KÕ]OÕ�VDELW�VR÷XPD�(A tipi)��\DYDú�VDELW�VR÷XPD�(B tipi) ve termal 

�]HUOHPH�J|VWHUHQ�NRPSOHNV� VR÷XPD\Õ� (C tipi)� J|VWHUPHNWHGLU��'L\DJUDPÕQ�DOW�
kesiminde parçalanma izi birikimine ilLúNLQ�H÷ULOHU�J|VWHULOPHNWHGLU��ho�|UQH÷LQ�
SDUoDODQPD� L]L� \DúODUÕ� ELUELULQGHQ� IDUNOÕGÕU� YH� |UQH÷LQ� ROXúXPX� �$� WLSL�� YH�
VR÷XPDVÕ� �%� WLSL�� MHRORMLN� ROD\ODUOD� LOLúNLOL� RODELOLU� YH\D� GLUHN� MHRORMLN� DQODPÕ�
olamayabilir (C tipi) (Wagner, 1972)      
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4.5. ParçalanPD�ø]L�<Dú�7LSOHUL 
+HUKDQJL�ELU�ND\Do�|UQH÷LQLQ�SDUoDODQPD�L]L�\DúÕQÕQ� MHRORMLN�\RUXPX��EX�

ND\Do� |UQH÷LQLQ� JHoLUPLú� ROGX÷X� WHUPDO� HYULPH� ED÷OÕ� ROXS�� EX� WHUPDO� HYULP�
parçalanma izlerinin boyunun ölçülmesi ile elde edilebilmektedir. Kayaç 

|UQH÷LQLQ� JHoLUPLú� ROGX÷X� 7-W� HYULPLQH� ED÷OÕ� RODUDN� SDUoDODQPD� L]L� \DúODUÕ�
ND\DFÕQ� ROXúXPX�� VR÷XPDVÕ�� \�NVHOLPL�� DúÕQPDVÕ�� LNLQFLO� WHUPDO� HWNLOHU�� YE��
V�UHoOHULQ� \DúÕQÕ� J|VWHUHFH÷L� JLEL� MHRORMLN� RODUDN� DQODPVÕ]� KHUKDQJL� ELU� \Dú� GD�
RODELOLU� � �:DJQHU�� ������� $úD÷ÕGD� ùHNLO� ����¶� GH� J|U�OG�÷�� JLEL� EDúOÕFD� �o� WLS�
SDUoDODQPD� \DúÕ� EXOXQPDNWD� ROXS�� EXQODU�A-tipi, B-tipi ve C-WLS� \DúODU olarak 

DGODQGÕUÕODELOLU�� 
 

4.5.1. A-SLSL�\DúODU��ROXúXP�YH�HUNHQ�VR÷XPD� 
 A tipi T-t evrimi, (ti-tf) << tf�LOH�NDUDNWHUL]H�HGLOLU��ùHNLO�������%X�7-t evrim 

PRGHOLQGH�� LOJLOL� ND\Do� |UQH÷LQLQ� ,,� QR¶OX� .2=¶XQGD� JHoLUGL÷L� V�UH�� ,,,� QR¶OX�
76=¶XQGD�NDOGÕ÷Õ�V�UH\H�J|UH�LKPDO�HGLOHFHN�NDGDU�D]GÕU��'L÷HU�ELU�GH\LúOH��ND\Do�
|UQH÷L�ROXúXU�ROXúPD]�KHPHQ�oRN�KÕ]OÕ�ELU�úHNLOGH�,,�QR¶OX�]RQX�JHoHUHN�,,,�QR¶OX�
zona ulaúPÕúWÕU�� 

Bu tür T-t evrim modeline sahip örneklerdeki parçalanma izlerinin 

ER\ODUÕQGD� |QHPOL� ELU� NÕVDOPD� PH\GDQD� JHOHPHPHNWHGLU�� o�QN��� |UQHN���
SDUoDODQPD�L]OHULQGH�RQDUÕOPDQÕQ�PH\GDQD�JHOGL÷L�,,�QR¶OX�.2=¶QX�oRN�KÕ]OÕ�ELU�
úHNLOGH� JHoHUHN�� DUWÕN� KHUKDQJL� ELU� RQDUÕOPDQÕQ� PH\GDQD� JHOHPH\HFH÷L� WRSODP�
VWDELOLWH�]RQXQD��76=��XODúPÕúWÕU�� 

A tipi T-W�HYULP�PRGHOLQH�VDKLS�SDUoDODQPD�L]OHULQGHNL�GD÷ÕOÕP��KHP�GDU�
KHP�GH�VLPHWULN�ROXS������� LOH�����P�DUDVÕQGD�ELU�RUWDODPD�X]XQOXN� LOH������P�
FLYDUÕQGD�ELU�VWDQGDUW�VDSPD�GH÷HULQH�VDKLSWLU��*OHDGRZ�YH�GL÷���������WDUDIÕQGDQ�
³XQGLVWXUEHG� YROFDQLF´� WHULPL� LOH� DGODQGÕUÕODQ� $-tipi T-t evrim modeli sadece 

YRONDQLN� ND\DoODUGD�GH÷LO� D\QÕ� ]DPDQGD�SO�WRQLN�ND\DoODUGD�GD�J|U�OG�÷�QGHQ��
Wagner ve Van den Haute (1992), bu terimin kuOODQÕOPDPDVÕQÕ�|QHUPHNWHGLU�� 
 A-tipi T-W� HYULP� PRGHOLQLQ� MHRORMLN� \RUXPODPDVÕQGD� LNL� IDUNOÕ� GXUXP�
mevcuttur: 
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 (1)� .D\Do� |UQH÷LQLQ� ROXúXPXQX� WDNLEHQ� G�]HQOL� YH� KÕ]OÕ� ELU� \�NVHOPH-

VR÷XPD�PH\GDQD�JHOPLúVH��EX�GXUXPGD�Wo §�Wi §�Wf olup, ölçülen parçalanma iz \DúÕ�
tm�LVH�ND\Do�|UQH÷LQLQ�ROXúXP�\DúÕQÕ�WDQÕPODU�� 

(2)�.D\Do�|UQH÷LQLQ�ROXúXPXQX�WDNLEHQ�PH\GDQD�JHOHQ�\�NVHOPH-VR÷XPD�
G�]HQOL�YH�\DYDú�LVH��Wi§Wf olup, to�ROXúXP�\DúÕQGDQ�|QHPOL�RUDQGD�GDKD�JHQoWLUOHU�
YH� |Oo�OHQ� SDUoDODQPD� L]L� \DúÕ� Wm� LVH� ND\Do�|UQH÷LQLQ� VR÷XPDVÕ� VÕUDVÕQGD� HUNHQ�
VR÷XPD�\DúÕQÕ�WDQÕPODU�� 

 

4.5.2. B-WLSL�\DúODU��VR÷XPD�YH�\�NVHOPH� 
B-tipi T-W� HYULP�PRGHOLQGH�� ND\Do� |UQH÷L�� ,,� YH� ,,,� QR¶OX� ]RQODUGD� ED÷ÕO�

RODUDN�GDKD�\DYDú�ELU�úHNLOGH�VR÷XPD\D�X÷UDU�YH�EX�VR÷XPD�WLSLQGH��Wi-tf) zaman 

DUDOÕ÷Õ� tf ��SDUoDODQPD�L]OHULQLQ�|QHPOL�PLNWDUGD�NÕVPL�RQDUÕOPD\D�X÷UDGÕ÷Õ�]DPDQ�
DUDOÕ÷Õ��]DPDQÕQD�J|UH�NÕVPHQ�GDKD�E�\�N�GH÷HUOHUH�VDKLSWLU��ùHNLO������� 

.2=¶XQGD� GDKD� X]XQ� ]DPDQODU� ER\XQFD� VR÷XPDQÕQ� VRQXFX�RODUDN�� IRVLO�
parçalanma izlerinin boyunda da önemli mLNWDUODUGD�NÕVDOPDODU�PH\GDQD�JHOLU��%-

WLSL�VR÷XPD�VÕUDVÕQGD��ND\Do�|UQH÷L�ROXúXP�]DPDQÕ�RODQ�Wo�\DúÕQGDQ�HSH\FH�VRQUD�
.2=¶XQXQ� DOW� VÕQÕUÕQD� XODúÕU�� gOo�OHQ� SDUoDODQPD� L]L� \DúÕ� RODQ� Wm� \DúÕ�� .2=�
LoHULVLQGHNL�VR÷XPD�VÕUDVÕQGD��SDUoDODQPD�L]OHULQLQ�EHOLUOL�ELU�VÕFDNOÕNWD�HWNLQ�ELU�
úHNLOGH� ELULNWL÷L� DQÕ�J|VWHUHQ� Wo> ti>tm>tf� LOLúNLVLQH�X\XPOX�ELU�\DúÕ� WDQÕPODU��%X�
yüzden, B-tipi T-W� HYULP�PRGHOLQH� VDKLS� ELU� |UQH÷LQ� SDUoDODQPD� L]L� \DúÕ�� D\QÕ�
]DPDQGD�MHRORMLN�VR÷XPD�\DúÕGÕU. 

'L÷HU�WDUDIWDQ��%-WLSL�RODUDN�WDQÕPODnan T-t evrim modelinde, parçalanma 

L]OHUL����YH\D�����P�DUDVÕQGD�GH÷LúHQ�RUWDODPD�X]XQOXN�YH�����-����P�DUDVÕQGD�
GH÷LúHQ� VWDQGDUW� VDSPD�GH÷HUOHULQH� VDKLS�ROXS��SDUoDODQPD� L]L�X]XQOXN�GD÷ÕOÕPÕ�
LVH�D\QÕ�]DPDQGD�QHJDWLI�H÷LOPH�GH�J|VWHULU� 
 Tektonik yüzeylenPH� V�UHFL�� ND\DoODUGDNL� SDUoDODQPD� L]OHULQLQ� G�ú�N�
VÕFDNOÕN� UHMLPL� DOWÕQGD�ELULNPHVLQH� QHGHQ�ROXU�YH�EX� úHNLOGH�ELULNHQ�SDUoDODQPD�
L]OHULQLQ� J|VWHUGL÷L� \Dú� D\QÕ� ]DPDQGD� WHNWRQLN� \�NVHOPH� \DúÕ� RODUDN� GD� NDEXO�
HGLOLU��.D\Do�GLOLPL��\XNDUÕ\D�GR÷UX�\�NVHOPHVLQH�GHYDP�HWWL÷L�V�UHFH�� VDELW�ELU�
úHNLOGH� VR÷XU� YH� EX� VÕUDGD�� \�NVHOPH� ROD\Õ� HUR]\RQHO� DúÕQPD� LOH� GHQJHOHQLUVH�
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MHRWHUPDO� JUDG\DQ� VDELW� NDOÕU�� \DQL� SDUoDODQPD� L]OHUL� ELULNLPL� VDELW� GHULQOLNWH�
PXKDID]D�HGLOLU��%|\OHFH��RUWDODPD�\�NVHOPH�KÕ]Õ�úX�úHNLOGH�KHVDSOanabilir. 

 

<�NVHOPH�KÕ]Õ� �VR÷XPD�KÕ]Õ���MHRWHUPDO�JUDG\DQ 

 
%X� IRUP�OOH� HOGH� HGLOHQ� SDUoDODQPD� KÕ]Õ� \DúÕ� GD�� úX� DQGD� \HU\�]�QGH�

PRVWUD�YHUPLú�RODQ�ND\Do�|UQH÷LQLQ��SDUoDODQPD�L]L�ELULNPH�VÕFDNOÕ÷ÕQÕ�J|VWHUHQ�
MHRWHUPDO� JUDG\DQ� GH÷HULQL� JHoWL÷L� DQGDQ� J�Q�P�]e kadar olan zaman dilimini 

gösteren ³\�NVHOPH�\DúÕ´�RODUDN�GH÷HUOHQGLULOLU��%XUDGD�GLNNDW�HGLOPHVL�JHUHNHQ�
QRNWD�� VR÷XPD\D�� VDGHFH� \�NVHOPH� ROD\Õ� QHGHQ� ROPDPDNWDGÕU�� EXQXQ� \DQÕ� VÕUD�
\�NVHOPHQLQ�\RO�DoWÕ÷Õ�HUR]\RQHO�DúÕQPDGD�QHGHQ�ROPDNWDGÕU��ùHNLO������ 

 

4.5.3. C-WLSL�\DúODU��NRPSOHNV�YH��]HUOHQPLú�\DúODU� 
 C tipi T-W�HYULP�PRGHOLQGH��ND\Do�|UQH÷L��|QFHOLNOH�,�QR¶OX�72=¶XQGDQ�,,�
QR¶OX�.2=¶XQD�YH�KDWWD�,,,�QR¶OX�76=¶XQD�NDGDU�VR÷X\DELOLU��ùHNLO�������%LU�V�UH�
VRQUD��,,�QR¶OX�]RQ�LoHULVLQGH�LNHQ�VÕFDNOÕN�GH÷HULQGH�\HQLGHQ�ÕVÕQPD�LOH�ELU�DUWÕú�
PH\GDQD�JHOLU�DQFDN�EX�DUWÕú�,�QR¶OX�]RQXQ�VÕFDNOÕNODUÕQD�NDGDU�XODúDPD\DELOLU��%X�
GXUXPGD��PHYFXW�E�W�Q�SDUoDODQPD�L]L�ND\ÕWODUÕQÕQ�VLOLQLS��\HQL�VÕFDNOÕN�GH÷HULQL�
\DQVÕWÕU�ELoLPGH�SDUoDODQPD�L]L�MHRNURQRPHWUHVLQLQ�\HQLGHQ�oDOÕúPD\D�EDúODPDVÕ�
EHNOHQLU��%|\OHFH��VRQ�VÕFDNOÕN�\�NVHOPHVLQGHQ�LWLEDUHQ�EDúOD\DQ�SDUoDODQPD�L]L�
MHRWHUPRNURQRPHWUHVL�� DUWÕN� $� YH\D� %� WLSL� SDUoDODQPD� L]L� \DúODUÕQGDQ� D\ÕUW�
edilemeyecek bir özellik kazanarak evrimine devam eder. Parçalanma izlerinin 

WDP� RODUDN� NDUDUOÕ� ELU� GXUXPD� XODúPDODUÕ� LVH�� LOJLOL� ND\Do� |UQH÷LQLQ�� DQFDN�� ,,,�
QR¶OX� ]RQXQ� VÕFDNOÕN�GH÷HUOHULQH��\DQL�GDKD�G�ú�N�VÕFDNOÕN�GH÷HULQH�XODúPDVÕ\OD�
P�PN�Q�ROXU��.D\Do�|UQH÷LQLQ�� ,,�QR¶OX� ]RQ� LoHULVLQGH�NDOPD� V�UHVL�YH�EX�V�UH�
içerisinde etkin RODQ� VÕFDNOÕN� GH÷HULQH� J|UH� SDUoDODQPD� L]L� X]XQOXNODUÕQGD�
�]HUOHQPLú�RODQ�ELU�NÕVDOPD�HWNLVL�J|]OHQLU�� 
 C tipi T-W� HYULP� PRGHOLQH� VDKLS� ELU� |UQH÷LQ� SDUoDODQPD� L]L� X]XQOXN�
GD÷ÕOÕPÕ�LQFHOHQGL÷LQGH��KDSVROPXú�\DWD\�SDUoDODQPD�L]OHULQLQ�X]XQOXNODUÕQÕQ�YH�
D\QÕ� úHNLOGH� VWDQGDUW� VDSPD� GH÷HUOHULQLQ� GH� ED÷ÕO� RODUDN� GDKD� G�ú�N�GH÷HUOHUGH�
ROGX÷X� J|U�O�U�� 'L÷HU� WDUDIWDQ�� EL-PRGDO� GD÷ÕOÕP� J|VWHUHQ� SDUoDODQPD� L]L�
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X]XQOXNODUÕ� LVH� D\QÕ� ]DPDQGD� LNL� GH÷LúLN� HYUHGH� HWNLQ� RODQ� LNL� IDUNOÕ� WHUPDO�
WDULKoHQLQ�NDQÕWÕ�RODUDN�GH÷HUOHQGLULOLU��ùHNLO������ 

 

 

ùHNLO� ����� <�NVHOPH�� DúÕQPD� YH� ELU� NÕWDVDO� EORNWDNL� L]RWHUPOHULQ� G�ú�ú�Q�Q�
DUDVÕQGDNL� QHGHQVHO� LOLúNLQLQ� VLVWHPDWLN� |UQHNOHPHVL�� W1� ]DPDQÕQGD� MHRWHUPDO� JUDG\DQD�
ED÷OÕ� RODUDN� EHOLUOL� ELU� GHULQOLNWH� ���o&� RODQ� ND\Do� N�WOHVLQLQ� VÕFDNOÕ÷Õ� W2� ]DPDQÕQÕQ�
EDúODQJÕFÕQGD� PH\GDQD� JHOHQ� KÕ]OÕ� \�NVHOPH� VRQXFXQGD� KHUKDQJL� ELU� GH÷LúLNOL÷H�
X÷UDPD]�� MHRWHUPDO� JUDG\DQÕ� VDELW� NDOÕU�� .D\Do� N�WOHVLQLQ� KDUHNHWLQH� ED÷OÕ� RODUDN�
jeotermal gradyan pasif olarak hareket eder. t2�]DPDQÕ�LOH�W3�]DPDQÕQD�DUDVÕQGaki sürede 

PH\GDQD�JHOHQ�DúÕQPD\D�ED÷OÕ�RODUDN�ND\Do�N�WOHVLQGHNL�VÕFDNOÕN�DúÕQDQ�NHVLPLQ�NDOÕQOÕ÷Õ�
NDGDU�G�ú�ú�J|VWHULU��W3�]DPDQÕ�LOH�W4�]DPDQÕ�DUDVÕQGD�VR÷XPD�ROD\Õ�MHRWHUPDO�JUDG\DQÕQ�
G�ú�ú��LOH�DoÕNODQÕU��<�NVHOPH�ROD\Õ�DúÕQPD�ROD\Õ�LOH�GHQJHOHQLUVH�\DQL��DúÕQDQ�NHVLPLQ�
NDOÕQOÕ÷Õ�NDGDU�DúD÷Õ�GR÷UX�JLGLOHQ�PHVDIHGH�VÕFDNOÕN�VDELW�NDOÕU��%X�GXUXPGD�MHRWHUPDO�
JUDG\DQ�DSDWLWLQ�NDSDQPD�VÕFDNOÕ÷ÕQÕ�J|VWHUHQ����o&¶�\H�HúLW�ROXU��+HMO�YH�:DJQHU������� 
 

 

 

 

 

 

 

����&�L]RWHUPR

\�]H\
GHQL]VHYL\HVL

<h.6(/0(�83/,)7� $Ñ,10$�'(18'$7,21� 62Í80$�&22/,1*�

W � W � W � W �

DÒÐQPD�NDOÐQOÐÎÐ�GHQXGDWLRQ�WKLFNQHVV�
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Tablo 4.1.� � )DUNOÕ� WHUPDO� WDULKoHGHNL� |UQHNOHULQ� �DSDWLWOHULQ�� SDUoDODQPD� L]L� \DúÕQÕQ�
jeolojik yorumu (Wagner ve Van den haute, 1992) 

 

 

6ÕFDNOÕN�LoLQ�VHPEROOHU��7I��WDP�RQDUÕOPD�]RQX�LoLQ��7II: KOZ için TII/III: KOZ’ un 

WDYDQÕ�LoLQ��7IIeff: KOZ’ un içindeki etkili tutulma sÕFDNOÕ÷Õ��7min:Termal üzerleme 

VÕUDVÕQGDNL�PLQ�VÕFDNOÕN��7max��WHUPDO��]HUOHPH�VÕUDVÕQGDNL�PD[�VÕFDNOÕN����=DPDQ�
için semboller; to�� 2OXúXP� \DúÕ�� Wi�� .2=� LoHULVLQH� JLULú� ]DPDQÕ�� Wm: Ölçülen 

SDUoDODQPD�L]L�\DúÕ��Wf��.2=¶GDQ�D\UÕOPD�]DPDQÕ� 
 

 

 

 
TERMAL 
7$5ø+d

E 

 
 

-(2/2-ø.�257$0 

ÖLÇÜLEN 
3$5d$/$10$�ø=ø�
<$ù,�Wm�¶�'(.ø�
-(2/2-ø.�

YORUMLAMA 

)26ø/�
PARÇALAN

MA 
ø=/(5ø1ø1�

BOYUTUND
$.ø�

KISALMA 

<$ù-
'(5ø1/ø.�
352)ø/ø 

Erken 
VR÷XPD 
(A tipi) 

Genç volkanizma 
Erken yükselim 

2OXúXP�\DúÕ 
(UNHQ�\�NVHOLP�\DúÕ 

(t0≥) ti ≈ tm ≈ tf 

 
Önemsiz 

Stratigrafik 
profil 

Yükselim 
profili 

(unresolvable 
uplift rate) 

Sabit 
VR÷XPD 
(B tipi) 

Plütonizma 
Sabit yükselim 

6R÷XPD�\DúÕ�7IIeff 

(t0>) ti > tm > tf 
Önemli Yükselim 

profili 
�H÷LP \�NVHOL

P�RUDQÕ� 
 

=D\ÕI 
(T≈TII

) 

Gömülme 
jeotermal 
JUDG\DQÕ�
DUWWÕUÕU 

$QODPVÕ]�NDUÕúÕN�\Dú 
(t0>) ti > tm > tf 
+Tmax of event 

 
Güçlü 

Kompleks 
profil 

�\�NVHOWLOPLú�
fosil KOZ 

profili) 
 

Güçlü 
(T≈TI) 
ama 
NÕVD 

Meteor 
oDUSPDVÕ 
Kontak 

ÕVÕQPD��VLOOHU��
dayklar) 

,VÕQPD�ROD\Õ�\DúÕ 
(t0>) ti ≈ tm ≈ tf 

+Tmin of event 

 
Önemsiz 

 
Kompleks 

SURILO�\DúÕ�ÕVÕ�
ND\QD÷ÕQD�
GR÷UX�D]DOÕU 

 
 
 
 
 

Termal 
üzerleme 
gösteren 
kompleks 
VR÷XPD�
tarihçesi 
(C tipi) 

 
Güçlü 
(T≈TI) 
ama 
uzun 

Metamorfizm
a, 

kontakt 
ÕVÕQPD�

(batolitler) 

T,ÕHII�GH�ROD\�VRQUDVÕ�
VR÷XPD�\DúÕ 

(t0>) ti > tm > tf 
+Tmin��ROD\ÕQ� 

 

 
Önemli 

 
.DUÕúÕN�\DGD�

yükseklik 
profili 
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�����<Dú-Yükselim Profilleri 

3DUoDODQPD� L]L� \DúODUÕQÕQ� \RUXPX� \Dú-\�NVHOLP� H÷ULVL� LOH�
\RUXPODQPDNWDGÕU��*HQHOOLNOH�MHRORMLN�\Dú�V�SHU�SR]LV\RQ�NXUDOÕQD�J|UH�GHULQOLNOH�
ELUOLNWH�DUWDU��g]HOOLNOH�NULVWDOOHUGHQ�HOGH�HGLOHQ�SDUoDODQPD�L]L�\DúODUÕ�VÕNOÕNOD�WHUV�
ELU� GDYUDQÕú� J|VWHULUOHU�� 6WUDWLJUDILN� RODUDN� \DúOÕ� ND\DoODU� ROVDODU� ELOH� GHULQOLNOH�
ELUOLNWH�D]DODQ�ELU�\Dú�J|]OHQLU��'HULQOL÷LQ�DUWPDVÕQD�SDUDOHO�RODUDN�DUWDQ�VÕFDNOÕN��
PLQHUDOOHUGHNL� WXWXOPD� VÕFDNOÕ÷ÕQÕ�JHoWL÷L� DQGDQ� LWLEDUHQ�\HQL�ELU�SDUoDODQPD� L]L�
VDDWL� oDOÕúPD\D� EDúODU�� %X� DQGDQ� LWLEDUHQ� |QFHNL� VDDWLQ� J|VWHUGL÷L� GH÷HU�
PLQHUDOOHUGHQ� VLOLQPLú� �L]OHU� WDPDPHQ� \DGD� NÕVPHQ� RQDUÕOPÕú�� \HQL� GH÷HUOHU�
ND\GHGLOPH\H�EDúODPÕú�ROXU���� 

<Dú-\�NVHOLP� SURILOLQLQ� WUHQGL� YH� úHNOL� SDUoDODQPD� L]L� \DúODUÕQÕQ�
\RUXPODPDVÕ� LOH� \DNÕQGDQ� LOLúNLOLGLU� YH� ND\DoODUÕQ� WHUPDO� WDULKoHOHULQLQ�
o|]�POHQHELOPHVL�LoLQ�LSXFX�QLWHOL÷L�WDúÕU��6RQ�\ÕOODUGD�\Dú-yükselim profiline ait 

\RUXPODPDODU�EDúOÕFD�LNL�JUXSWD�WRSODQPDNWDGÕU��%X�\RUXPODPDODUÕQ�\DSÕODELOPHVL�
LoLQ�[�HNVHQLQGH�DSDWLW�SDUoDODQPD�L]L�\DúÕ��PLO\RQ�\ÕO��YH�\�HNVHQLQGH�\�NVHNOLN�
�|UQHNOHULQ� DUD]LGH� GHQL]� VHYL\HVLQGHQ� LWLEDUHQ� \�NVHNOL÷L�� P��� GH÷HUOHULQLQ�
ROGX÷X�ELU�JUDILN�oL]LOLU��%X�JUDILNWH���� 

 

¾�<Dú-\�NVHOLP� SURILOLQH� DLW� H÷UL�� G�]� ELU� oL]JL� úHNOLQGH\VH�� EXUDGD�
yükselime neden olan etken tektoQLN�ROD\ODUGÕU�YH�tektonik yükselme 

(extremely uplift)�RODUDN�WDQÕPODQÕU��ùHNLO����D��� 
 

¾�<Dú-\�NVHOLP� SURILOLQH� DLW� H÷UL�� SR]LWLI� H÷LP� VXQDQ� ELU� oL]JL�
úHNOLQGH\VH� \�NVHOLP� \DYDú� VR÷XPD� LOH� JHUoHNOHúPLúWLU� YH� GXUD÷DQ�
yükselme (steady-stead uplift) olarak adODQGÕUÕOÕU��ùHNLO����E�� 
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ùHNLO������$SDWLW�SDUoDODQPD�L]L�MHRNURQRORMLVL�YHULOHUL�\DUGÕPÕ\OD��D��GXUD÷DQ�\�NVHOPH�

YH� �E�� WHNWRQLN� \�NVHOPH� ROD\ODUÕQÕQ� \�NVHNOLN-apatit parçalanma izi 

GL\DJUDPÕQGDNL�WUHQGOHUL 
 
 
 
 

�E�

���

���

���

���

����

� �� �� �� ��
�D�

<�NVHNOLN��P�

$SDWLWSDUoDODQPD�L]L�\DÒÐ

'XUDÎDQ�\�NVHOPH�VWHDG\�VWDWH�XSOLIW�

7HNWRQLN�\�NVHOPH�H[WUHPHO\�IDVW�XSOLIW�

���

���

���

���

����

� �� �� �� ��

<�NVHNOLN��P�

$SDWLW
SDUoDODQPD�L]L�\DÒÐ


