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Abstract
The conductivity distribution across the Trans-European Suture Zone (TESZ) is presented
based on the measurements along a 400 km northeastern directed profile, starting from
the German-Polish Basin, crossing the TESZ and ending at the East European Craton.
Two-dimensional inversion was applied to magnetotelluric transfer functions and
magnetovariational responses corresponding to 38 long-period simultaneously observed
sites. Input data for the inversion procedure were created by rotating all transfer functions
to strike direction obtained from strike and dimensionality analysis. The results show a
thick sedimentary cover, several crustal inhomogeneities and a deep conductive structure
below the center of the TESZ. In order to achieve a stable model, several sensitivity
analysis were carried out.
Key words: Magnetotelluric and magnetovariational soundings, Trans-European suture
zone, Two-dimensional inversion.
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ﭼﻜﻴﺪه
400  ﺑﺮاﺳﺎس اﻧﺪازهﮔﻴـﺮيﻫـﺎي ﻣﮕﻨﺘﻮﺗﻠﻮرﻳـﻚ در اﻣﺘـﺪاد ﻳـﻚ ﻧـﻴﻢرخ،ﻳﻮروﭘﻴﻦ- ﻣﺪل ﻣﻘﺎوﻣﺖ وﻳﮋه زوﻧﺎر ﺑﺨﻴﻪ ﺗﺮاﻧﺲ،در اﻳﻦ ﺗﺤﻘﻴﻖ
 ﻫﻤـﻪ ﺗﻮاﺑـﻊ، ﺑﻌﺪ از ﺗﺤﻠﻴﻞ اﺑﻌﺎدي و ﺗﻌﻴﻴﻦ اﺳـﺘﺮاﻳﻚ. اﻳﺴﺘﮕﺎه ﻣﺸﺎﻫﺪه ﺑﻪدﺳﺖ ﻣﻲآﻳﺪ38 ﻛﻴﻠﻮﻣﺘﺮي ﺑﺎ ﺟﻬﺖﮔﻴﺮي ﺷﻤﺎل ﺷﺮﻗﻲ ﺷﺎﻣﻞ
ﻌـﺪي ﺑـﺮ آﻧﻬـﺎ اﻋﻤـﺎلﺗﺒﺪﻳﻞ ﻣﮕﻨﺘﻮﺗﻠﻮرﻳﻚ و ﺳﻮﻧﺪاژ ﺗﻐﻴﻴﺮات ﻣﻐﻨﺎﻃﻴﺴﻲ ﺣﻮل اﺳﺘﺮاﻳﻚ ﺗﻌﻴﻴﻦ ﺷﺪه ﭼﺮﺧﺎﻧـﺪه ﺷـﺪه و وارونﺳـﺎزي دوﺑ
. وﺟﻮد ﻳﻚ ﭘﻮﺷﺶ رﺳﻮﺑﻲ ﺿﺨﻴﻢ و ﻧﺎﻫﻤﮕﻨﻲﻫﺎي رﺳﺎﻧﺎﻳﻲ ﻣﺘﻌﺪد در ﭘﻮﺳﺘﻪ و ﮔﻮﺷﺘﻪ ﺑﺎﻻﻳﻲ را ﻧﺸﺎن ﻣﻲدﻫﺪ، ﻧﺘﺎﻳﺞ.ﻣﻲﺷﻮد
( ﻣﻬﻢﺗﺮﻳﻦ ﻣﺰر زﻣﻴﻦﺳﺎﺧﺘﻲ اروﭘﺎ اﺳﺖ ﻛـﻪ ﺑـﺎ ﺑـﻴﺶ ازTrans-European Suture Zone: TESZ) ﻳﻮروﭘﻴﻦ-زوﻧﺎر ﺑﺨﻴﻪ ﺗﺮاﻧﺲ
( را ازEast European Craton: EEC)  از درﻳﺎي ﺷﻤﺎل ﺗﺎ درﻳﺎي ﺳﻴﺎه اﻣﺘﺪاد دارد و ﻛـﺮاﺗﻦ اروﭘـﺎي ﺷـﺮﻗﻲ، ﻛﻴﻠﻮﻣﺘﺮ ﻃﻮل2000
 ﺗﺤﻘﻴﻘـﺎت ژﺋـﻮﻓﻴﺰﻳﻜﻲ در اﻳـﻦ.(1999 ،( اروﭘﺎي ﻏﺮﺑﻲ و ﻣﺮﻛﺰي ﺟﺪا ﻣﻲﻛﻨﺪ )ﻓـﺎراوPaleozoic Platform: PP) ﺳﻜﻮي ﭘﺎﻟﺌﻮزوﺋﻴﻚ
 روشﻫــﺎي ﺳــﻮﻧﺪاژ ﻣﮕﻨﺘﻮﺗﻠﻮرﻳــﻚ، اﻏﻠــﺐ ﺑــﺮ اﺳــﺘﻔﺎده از روشﻫــﺎي ﻟــﺮزهاي ﻣﺘﻤﺮﻛــﺰ ﺑــﻮده اﺳــﺖ؛ ﺑــﺎ وﺟــﻮد اﻳــﻦ،ﻣﻨﻄﻘــﻪ
( را ﻣﻲﺗﻮان ﺑﺮاي اﺳـﺘﻨﺒﺎط ﺗﻮزﻳـﻊ رﺳـﺎﻧﺎﻳﻲ اﻟﻜﺘﺮﻳﻜـﻲMagnetvariational: MV)( و ﺗﻐﻴﻴﺮات ﻣﻐﻨﺎﻃﻴﺴﻲMagnetoteluric: MT)
.ﭘﻮﺳﺘﻪ و ﮔﻮﺷﺘﻪ ﺑﺎﻻﻳﻲ و درك ﺑﻬﺘﺮ ﺳﺎﺧﺘﺎرﻫﺎي ژﺋﻮاﻟﻜﺘﺮﻳﻜﻲ ﺑﻪﻛﺎر ﺑﺮد
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ﻃﺮح ﭼﻨﺪﻣﻠﻴﺘﻲ  EMTESZ-Pomeraniaﺑﺎ ﻫﺪف ﺑﺮرﺳﻲ ﺟﺰﺋﻴﺎت اﻳﻦ ﻣﻨﻄﻘﻪ ﻃﺮاﺣﻲ ﺷﺪ و در ﺧﻼل آزﻣﺎﻳﺶﻫﺎي ﻣﻴـﺪاﻧﻲ ﻣﺘﻌـﺪد
آن ،اﻧﺪازهﮔﻴﺮيﻫﺎي ﻣﮕﻨﺘﻮﺗﻠﻮرﻳﻚ ﺑﻠﻨﺪ دوره ﺑﺎ اﺳﺘﻔﺎده از دﺳﺘﮕﺎهﻫﺎﻳﻲ ﻛﻪ ﺑﻪﻃﻮر ﻫﻢزﻣﺎن ﻛﺎر ﻣـﻲﻛﺮدﻧـﺪ ،ﺻـﻮرت ﮔﺮﻓـﺖ .ﺑـﺎ اِﻋﻤـﺎل
ﻛُﺪﻫﺎي ﭘﺮدازش ﻣﻘﺎوم ﺑﺮ دادهﻫﺎي ﺑﺮداﺷﺖ ﺷﺪه در ﻣﺤﺪوده دوره  10-20000ﺛﺎﻧﻴﻪ ،ﻫﻤﻪ ﺗﻮاﺑﻊ ﺗﺒﺪﻳﻞ ﻣﻤﻜﻦ ﻣﺤﺎﺳﺒﻪ ﺷـﺪﻧﺪ )ﺑﺮاﺳـﻪ و
ﻫﻤﻜﺎران.(2006 ،
ﭘﺎﺳﺦﻫﺎي ﻣﻐﻨﺎﻃﻴﺴﻲ ﺑﻴﻦاﻳﺴﺘﮕﺎﻫﻲ را ﻣﻲﺗﻮان درﺣﻜﻢ ﺑﺨﺶ ﻣﻬﻤﻲ از ﺗﻮاﺑﻊ ﺗﺒﺪﻳﻞ در ﻧﻈﺮ ﮔﺮﻓﺖ ﻛﻪ ﺑﺎ اﺛﺮات ﻏﻴﺮاﻟﻘﺎﻳﻲ واﭘﻴﭽﻴـﺪه
ﻧﻤﻲﺷﻮﻧﺪ .ﻋﻼوهﺑﺮآن روي ﻣﺮﻛﺰ رﺳﺎﻧﺎ ﺑﻴﺸﺘﺮﻳﻦ ﻣﻘﺪار را دارﻧﺪ؛ ﺑﺮﺧﻼف ﺗﻴﭙﺮ ﻛﻪ ﻛﻤﺘﺮﻳﻦ ﻣﻘﺪار را ﻧﺸﺎن ﻣﻲدﻫﺪ )وارﻧﺘﺴﻮف.(2005 ،
ﻗﺎﺑﻞ ذﻛﺮ اﺳﺖ ﻛﻪ ﻣﺪل ﻣﻘﺎوﻣﺖ وﻳﮋه ﺑﺮاي ﻧﻴﻢرخ در ﻧﻈﺮ ﮔﺮﻓﺘﻪ ﺷـﺪه در اﻳـﻦ ﺗﺤﻘﻴـﻖ ،از ﻃﺮﻳـﻖ وارونﺳـﺎزي دادهﻫـﺎي ﻣﺤﻠـﻲ
ﻣﮕﻨﺘﻮﺗﻠﻮرﻳﻚ ﺑﻪدﺳﺖ آﻣﺪه و ﻋﺮﺿﻪ ﺷﺪه اﺳﺖ )ارﻧﺴﺖ و ﻫﻤﻜﺎران (2008 ،و ﻫﺪف اﺻﻠﻲ اﻳﻦ ﺗﺤﻘﻴﻖ ،وارد ﻛﺮدن دادهﻫﺎي ﻣﻐﻨﺎﻃﻴﺴـﻲ
ﺑﻴﻦاﻳﺴﺘﮕﺎﻫﻲ در ﻣﺪلﺳﺎزي ﺑﺎ اﺳﺘﻔﺎده از اﻟﮕﻮرﻳﺘﻢ وارونﺳﺎزي دوﺑﻌﺪي رﺑﻚ )ﺳﻴﺮﻳﭙﻦ واراﭘﺮن و اﮔﺒﺮت (2000 ،ﺑﻪ ﻣﻨﻈﻮر ﺑﻬﺒﻮد ﻗـﺪرت
ﺗﻔﻜﻴﻚ ﻧﺘﺎﻳﺞ اﺳﺖ.
ﺗﺠﺰﻳﻪ و ﺗﺤﻠﻴﻞ و ﻣﺪلﺳﺎزي دادهﻫﺎ :در روش ﻣﮕﻨﺘﻮﺗﻠﻮرﻳﻚ راﺑﻄﻪ ﺑﻴﻦ ﻣﻮﻟﻔﻪﻫﺎي ﺗﻐﻴﻴﺮات ﻣﻴﺪان اﻟﻜﺘﺮوﻣﻐﻨﺎﻃﻴﺴﻲ اﻧﺪازهﮔﻴﺮي ﺷـﺪه در
ﺳﻄﺢ زﻣﻴﻦ ﺑﺮاي ﺗﻌﻴﻴﻦ ﺗﻮزﻳﻊ رﺳﺎﻧﺎﻳﻲ در زﻳﺮ ﺳﻄﺢ ﺑﻪﻛﺎر ﻣﻲرود .ﻣﺠﻤﻮﻋﻪ ﺗﻮاﺑﻊ ﺗﺒﺪﻳﻞ ﻣﺤﺎﺳﺒﻪ ﺷﺪه در ﺣﺎﻟﺖ ﻣﻌﻤﻮل ،ﺷـﺎﻣﻞ ﺗﺎﻧﺴـﻮر
ﻣﺤﻠﻲ اﻣﭙﺪاﻧﺲ و ﺑﺮدار ﺗﻴﭙﺮ ﻣﻲﺷﻮد و اﻳﻦ ﻣﺠﻤﻮﻋﻪ را ﻣﻲﺗﻮان ﺑﺎ ﻣﺤﺎﺳﺒﻪ ﭘﺎﺳﺦﻫﺎي ﻣﻐﻨﺎﻃﻴﺴﻲ ﺑﻴﻦاﻳﺴﺘﮕﺎﻫﻲ ﺑﺴﻂ داد:
)(1
ﻛﻪ  Hﻣﻌﺮف ﻣﻴﺪان ﻣﻐﻨﺎﻃﻴﺴﻲ و و ﺑﻴﺎﻧﮕﺮ ﻣﻮﻗﻌﻴﺖ اﻳﺴﺘﮕﺎهﻫﺎي ﻣﺸﺎﻫﺪه و ﻣﺮﺟﻊ ﻫﺴـﺘﻨﺪ .اﻣﭙـﺪاﻧﺲ ﻣﻌﻤـﻮﻻً ﺑـﻪ ﺷـﻜﻞ دو
ﭘﺎراﻣﺘﺮ ﻣﻘﺎوﻣﺖ وﻳﮋه ﻇﺎﻫﺮي و ﻓﺎز و ﺗﻴﭙﺮ ﺑﻪ ﺷﻜﻞ ﺑﺮدار اﻟﻘﺎ ﻧﻤﺎﻳﺶ داده ﻣﻲ ﺷﻮد .ﺑﺮدارﻫﺎي آﺷﻔﺘﮕﻲ را ﻧﻴـﺰ ﻣـﻲﺗـﻮان درﺣﻜـﻢ ﻣﻜﻤـﻞ
ﺑﺮدارﻫﺎي اﻟﻘﺎ از روي ﻋﻨﺎﺻﺮ ﺗﺎﻧﺴﻮر ﻣﻐﻨﺎﻃﻴﺴﻲ ﺗﻌﺮﻳﻒ ﻛﺮد .ﭼﺮﺧﺶ ﭘﺎدﺳﺎﻋﺖﮔﺮد اﻳﻦ ﺑﺮدارﻫﺎ ﺑﻪ اﻧﺪازه  90درﺟﻪ ،ﺗﺼـﻮﻳﺮي از ﺟﻬـﺖ و
ﺷﺪت ﻣﻴﺪان ﺟﺮﻳﺎن ﻧﺎﺑﻬﻨﺠﺎر را ﺑﻪدﺳﺖ ﻣﻲدﻫﺪ )اﺷﻤﻮﻛﺮ .(1970 ،ﺑﺎ اﻋﻤﺎل ﺑﺴﻄﻲ از ﻃﺮحواره ﺳﻮﺋﻴﻔﺖ ﺑـﺮ ﺗﺎﻧﺴـﻮر ﻣﻐﻨﺎﻃﻴﺴـﻲ اﻓﻘـﻲ و
ﻛﻤﻴﻨﻪ ﻛﺮدن ﻋﻨﺎﺻﺮ ﻗﻄﺮ ﻓﺮﻋﻲ ،آزﻳﻤﻮت  60درﺟﻪ ﺑﻪ ﺳﻤﺖ ﺷﻤﺎل ﻏﺮﺑﻲ ﺑﻪﻣﻨﺰﻟﺔ راﺳﺘﺎي اﺳﺘﺮاﻳﻚ ﺑﺮآورد و ﻫﻤﻪ ﺗﻮاﺑﻊ ﺗﺒﺪﻳﻞ ﺣﻮل اﻳﻦ
آزﻳﻤﻮت ﭼﺮﺧﺎﻧﺪه ﻣﻲ ﺷﻮﻧﺪ .ﺑﺮاي ارزﻳﺎﺑﻲ اﺑﻌﺎد دادهﻫﺎ ،ﭘﺎراﻣﺘﺮ اﺳﻜﻴﻮ ﺑﺮاي ﭘﺎﺳﺦﻫﺎي ﻣﻐﻨﺎﻃﻴﺴﻲ ﺑﻴﻦاﻳﺴﺘﮕﺎﻫﻲ ﻣﺤﺎﺳـﺒﻪ ﻣـﻲﺷـﻮد و ﺑـﺎ
وﺟﻮد ﻣﺸﺎﻫﺪه ﺑﺮﺧﻲ اﺛﺮات ﺳﻪﺑﻌﺪي در ﻟﺒﻪﻫﺎي ﺟﻨﻮب ﻏﺮﺑﻲ ﻧﻴﻢرخ ﺑﻪﻃﻮر ﻛﻠﻲ ﻣﻘﺎدﻳﺮ ﻛﻢ آن ﻣﺪلﺳﺎزي دوﺑﻌﺪي را ﺑﺮاي اﻳﻦ ﻣﺠﻤﻮﻋﻪ
داده ﺗﻮﺟﻴﻪ ﻣﻲﻛﻨﺪ.
ﻳﻚ ﻧﺴﺨﻪ ﺗﻌﻤﻴﻢ ﻳﺎﻓﺘﻪ از اﻟﮕﻮرﻳﺘﻢ رﺑﻚ ﻛﻪ ﭘﺎﺳﺦﻫﺎي ﻣﻐﻨﺎﻃﻴﺴﻲ ﺑـﻴﻦاﻳﺴـﺘﮕﺎﻫﻲ را ﻧﻴـﺰ در ﺑـﺮ ﻣـﻲﮔﻴـﺮد )زوﻳـﺮ ،(2002 ،ﺑـﺮاي
وارونﺳﺎزي دوﺑﻌﺪي اﻋﻤﺎل ﺷﺪ .ﻫﺸﺖ ﻣﻮﻟﻔﻪ دادهﻫﺎ ﺷﺎﻣﻞ ﻣﻘﺎوﻣﺖ وﻳﮋه ﻇﺎﻫﺮي و ﻓﺎز ﺑﺮاي دو ﻗﻄﺒﺶ ،ﺑﺨﺶﻫﺎي ﺣﻘﻴﻘﻲ و ﻣﻮﻫـﻮﻣﻲ
ﺗﻴﭙﺮ و ﺗﺎﻧﺴﻮر ﻣﻐﻨﺎﻃﻴﺴﻲ ﻣﻲﺷﻮﻧﺪ .رﺑﻚ ﺗﻨﻬﺎ ﺑﻲﻫﻨﺠﺎريﻫﺎي اﺻﻠﻲ و ﺳﺎﺧﺘﺎرﻫﺎي ﺷﺒﻪ ﻗﺎﺋﻢ را ﺑﺪون ﺟﺰﺋﻴﺎت آﺷﻜﺎر ﻣﻲﻛﻨﺪ )ﭘﻮﺷـﻜﺎرف
و ﻫﻤﻜﺎران .(2007 ،ﺣﺴﺎﺳﻴﺖ ﻣﻮﻟﻔﻪﻫﺎي ﮔﻮﻧﺎﮔﻮن داده ﺑﻪ ﺳﺎﺧﺘﺎرﻫﺎي رﺳﺎﻧﺎ و ﻣﻘﺎوم ،اﻓﻘﻲ و ﻗﺎﺋﻢ و اﺛﺮات ﺳﻪﺑﻌﺪي ﻛـﺎﻣﻼً واﺑﺴـﺘﻪ ﺑـﻪ
ﻣﻮرد اﺳﺖ )ﺳﻴﺮﻳﭙﻦ واراﭘﺮن و ﻫﻤﻜﺎران .(2005 ،ﻣﻘﻄﻊ ﻣﻘﺎوﻣﺖ وﻳﮋه ﻧﻬﺎﻳﻲ ،ﻳﻚ روﻻﻳﻪ رﺳﺎﻧﺎ ﺑﺎ ﺿﺨﺎﻣﺖ ﻣﺘﻐﻴﺮ ﻣﺮﺑﻮط ﺑﻪ ﻻﻳﻪ ﻫﺎﻳﻲ از
ﺷﻴﻞ را ﻧﺸﺎن ﻣﻲدﻫﺪ ﻛﻪ در ﻣﺮﻛﺰ ﺑﺴﻴﺎر ﻧﺎزك ﻣﻲﺷﻮد .ﻫﻤﭽﻨﻴﻦ ﻳﻚ ﺳﺎﺧﺘﺎر رﺳﺎﻧﺎي ﻧﺎﭘﻴﻮﺳﺘﻪ در ﻋﻤﻖ ﭘﻮﺳﺘﻪ ﭘﺎﻳﻴﻨﻲ آﺷـﻜﺎر ﺷـﺪه ﻛـﻪ
اﺣﺘﻤﺎﻻ ﻧﺎﺷﻲ از رﺳﻮﺑﺎت دﮔﺮﮔﻮن ﺷﺪه ﻳﺎ ﺳﻴﺎلﻫﺎي ﻧﻤﻜﻲ اﺳﺖ .ﺗﻮدهﻫﺎي ﻣﻘﺎوﻣﻲ ﻫﻢ در ﻋﻤﻖ ﮔﻮﺷـﺘﻪ ﺑـﺎﻻﻳﻲ در دو اﻧﺘﻬـﺎي ﻧـﻴﻢرخ
ﻇﺎﻫﺮ ﺷﺪهاﻧﺪ ﻛﻪ در زﻳﺮ ﻛﺮاﺗﻦ داراي ﻣﻘﺎوﻣﺖ و ﮔﺴﺘﺮش ﻋﻤﻘﻲ ﺑﻴﺸﺘﺮ و ﻣﻌﺮف ﺣﺎﻟﺖ ﺷﻴﺐدار اﺳﺘﻨﻮﺳﻔﺮ اﺳﺖ ﻛﻪ ﺑﺎ ﺗﺤﻘﻴﻘـﺎت ﻟـﺮزهاي
ﺗﻄﺎﺑﻖ دارد .ﺳﺎﺧﺘﺎر رﺳﺎﻧﺎي ﻇﺎﻫﺮ ﺷﺪه در ﻋﻤﻖ ﺣﺪود  50ﻛﻴﻠﻮﻣﺘﺮي ﺑﻪ ﺧﻮﺑﻲ ﺗﻔﻜﻴـﻚ ﻧﺸـﺪه و آن را ﻣـﻲﺗـﻮان ﺣﺎﺻـﻞ وﺟـﻮد اﺛـﺮات
ﺳﻪﺑﻌﺪي در ﻣﺮﺣﻠﻪ وارونﺳﺎزي دوﺑﻌﺪي داﻧﺴﺖ )ﮔﺎرﺳﻴﺎ و ﻫﻤﻜﺎران .(1999 ،ﻣﻴﺰان ﺑﺮازش دادهﻫﺎ ﺑـﻴﻦ دادهﻫـﺎي ﻣﺸـﺎﻫﺪه و ﻣﺤﺎﺳـﺒﻪ
ﺷﺪه ﻧﻴﺰ ﺳﺎزﮔﺎري ﻗﺎﺑﻞ ﻗﺒﻮﻟﻲ را ﻧﺸﺎن ﻣﻲدﻫﺪ.
ﺑﺮاﺳﺎس ﻧﺘﺎﻳﺞ ﺗﻌﻴﻴﻦ اﺳﺘﺮاﻳﻚ ﻣﺠﻤﻮﻋﻪ ﻛﺎﻣﻞ ﺗﻮاﺑﻊ ﺗﺒﺪﻳﻞ اﻳﺠﺎد و ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﻧﺘﺎﻳﺞ ﺗﺤﻠﻴﻞ اﺑﻌﺎدي ،وارونﺳﺎزي دوﺑﻌـﺪي ﺑـﺮ ﻫﻤـﻪ
ﻣﻮﻟﻔﻪﻫﺎي داده اﻋﻤﺎل ﺷﺪ .از ﺗﻨﺎوبﻫﺎي ﺑﻠﻨﺪﺗﺮ از  20000ﺛﺎﻧﻴﻪ ﺑﻪ دﻟﻴﻞ وﺟﻮد اﺛﺮات ﻣﻨﺒﻊ )ﺳﻮﻛﻮﻟﻮوا و ﻫﻤﻜﺎران (2004 ،ﺻﺮفﻧﻈﺮ ﺷـﺪ.
ﺗﺮﻛﻴﺐ ﻛﺮدن ﭘﺎﺳﺦﻫﺎي ﻣﻐﻨﺎﻃﻴﺴﻲ ﺑﻴﻦاﻳﺴﺘﮕﺎﻫﻲ ﺑﺎ ﺳﺎﻳﺮ ﺗﻮاﺑﻊ ﺗﺒﺪﻳﻞ ،ﻛﺎراﻳﻲ آﻧﻬﺎ را در ﺗﻔﻜﻴﻚ ﻛﺮدن ﺳﺎﺧﺘﺎرﻫﺎي ﻋﻤﻴﻖ ﺗﺎﻳﻴﺪ ﻣﻲﻛﻨﺪ؛
ﺑﺎاﻳﻦ ﺣﺎل وﻗﻮع ﺑﺮﺧﻲ ﺧﻄﺎﻫﺎ ﻣﺎﻧﻨﺪ رﻓﺘﺎر ﺳﻪﺑﻌﺪي و ﻓﻘﺪان اﻳﺴﺘﮕﺎه ﻣﺮﺟﻊ روي ﻳﻚ ﺳﺎﺧﺘﺎر ﻳﻚﺑﻌﺪي واﻗﻌﻲ ،اﺳﺘﻔﺎده ﻣـﻮﺛﺮ از آن را ﺑـﻪ
ﭼﺎﻟﺶ ﻣﻲﻛﺸﺪ.
ﺳﻪ ﺑﺨﺶ اﺻﻠﻲ و ﺑﺨﻴﻪ ﻋﻤﻴﻖ ﺑﻴﻦ  EECو  PPرا روي ﻣﺪل ﺑـﻪ وﺿـﻮح ﻣـﻲﺗـﻮان ﻣﺸـﺎﻫﺪه ﻛـﺮد .ﻛـﺮاﺗﻦ داراي ﻳـﻚ ﺳـﺎﺧﺘﺎر
زﻣﻴﻦﺷﻨﺎﺳﻲ ﺳﺎده اﺳﺖ ﻛﻪ ﺿﺨﺎﻣﺖ رﺳﻮﺑﺎت آن ﺑﻪ ﺳﻤﺖ ﺷـﻤﺎل ﺷـﺮﻗﻲ ﻛـﺎﻫﺶ و ﻣﻘﺎوﻣـﺖ وﻳـﮋه آن ﺑـﺎ ﻋﻤـﻖ اﻓـﺰاﻳﺶ ﻣـﻲﻳﺎﺑـﺪ و
ﻣﻨﻌﻜﺲﻛﻨﻨﺪه ﭘﻲﺳﻨﮓ ﺑﻠﻮري اﺳﺖ .ﻣﻨﻄﻘﻪ  PPﻫﻢ داراي ﺳﺎﺧﺘﺎر ﻧﺴﺒﺘﺎ ﻫﻤﮕﻦ اﺳﺖ وﻟﻲ رﺳﻮﺑﺎت آن ﺿﺨﻴﻢﺗﺮ و ﭘـﻲﺳـﻨﮓ آن داراي
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 ﻣﻮﺟـﻮد اﺳـﺖ و ﺗﺎرﻳﺨﭽـﻪTESZ  ﭘﻴﭽﻴـﺪهﺗـﺮﻳﻦ ﺳـﺎﺧﺘﺎرﻫﺎ در ﻣﺮﻛـﺰ ﻧـﻴﻢرخ در.ﺳﺨﺘﻲ ﻛﻤﺘﺮ و ﺑﻨﺎﺑﺮاﻳﻦ ﻣﻘﺎوﻣﺖ وﻳﮋه ﻛﻤﺘـﺮ اﺳـﺖ
 ﺑﻪ ﻧﺎﻫﻨﺠـﺎريﻫـﺎي رﺳـﺎﻧﺎﻳﻲ ﻗﺎﺑـﻞِﻣﻼﺣﻈـﻪاي درTESZ  ﻧﺘﺎﻳﺞ ﺑﻪ وﺿﻮح ﻣﻮﻳﺪ اﻳﻦ ﻣﻄﻠﺐ اﺳﺖ ﻛﻪ.زﻣﻴﻦﺳﺎﺧﺘﻲ آن را ﻧﺸﺎن ﻣﻲدﻫﺪ
.ﭘﻮﺳﺘﻪ و ﮔﻮﺷﺘﻪ ﺑﺎﻻﻳﻲ ﻣﻨﺠﺮ ﺷﺪه اﺳﺖ ﻛﻪ در اﻳﻦ ﻣﻘﺎﻟﻪ از ﻫﻢ ﺗﻔﻜﻴﻚ ﺷﺪهاﻧﺪ
.ﻌﺪي وارونﺳﺎزي دوﺑ،ﻳﻮروﭘﻴﻦ- زوﻧﺎر ﺑﺨﻴﻪ ﺗﺮاﻧﺲ، ﺳﻮﻧﺪاژﻫﺎي ﻣﮕﻨﺘﻮﺗﻠﻮرﻳﻚ و ﺗﻐﻴﻴﺮات ﻣﻐﻨﺎﻃﻴﺴﻲ:واژه ﻫﺎي ﻛﻠﻴﺪي
1 INTRODUCTION
The Trans-European Suture Zone (TESZ) is
the most important lithospheric boundary in
Europe that stretches from the North Sea to
the Black Sea and separates the Precambrian
East European Craton (EEC) and younger
Paleozoic Platform (PP). The TESZ was
created during the Paleozoic Era as the result
of the collision of several crustal units
(microcontinents) and the Suture between the
EEC and PP was formed [5].
Geophysical research on this zone has
been focused more on the use of seismic
methods; however, magneotelluric (MT) and
magnetovariational (MV) sounding methods
can be used to infer electrical conductivity
distribution of the crust and upper mantle to
provide better understanding of the
geological structures.
The multinational EMTESZ-Pomerania

Project has been established to employ
electromagnetic methods to study this zone in
detail. During several field experiments,
long-period magnetotelluric measurements
were carried out. These soundings were
concentrated along two profiles, passing the
area from SW to NE, P2 (southern) and LT-7
(northern), and has recently been developed
to some new profiles. During measurements,
employing simultaneously operating, long–
period magnetotelluric instruments, a large
and high quality dataset in the period range
of 10-20000s was obtained; robust data
processing codes were applied and all
possible transfer functions were calculated
[1]. Figure 1 shows the location of MT sites
within the area. In this paper the data along
LT-7 profile have been accordingly
considered.

Figure 1. Distribution of MT sites within TESZ [1].
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Inter-station
horizontal
magnetic
responses can be considered as an important
part of transfer functions, which are not
distorted by galvanic effects. They peak
above conductors in contrast to the tipper
vectors which show minimum values. Interstation horizontal magnetic responses can
also be reliably estimated more accurately at
long periods in comparison to the tippr [12].
It is notable that the resistivity model for
this profile, which was obtained by the
inversion of local MT data, has already been
reported [3] and the main goal of the current
study is to incorporate inter-station magnetic
data in the modeling procedure using a twodimensional (2D) inversion algorithm [8] so
called REBOCC (Reduced Basis Occam) to
accomplish some sensitivity tests for
improving the resolution of the results.
At a glimpse, section II introduces the
results of the dimensionality analysis and
strike determination procedure. Section III
contains a short discussion on different
transfer functions and the resistivity model
and its structures resulted from 2D inversion.
The paper ends with a few conclusions in
section IV.
2 DATA ANALYSIS
In magnetotelluric, relations between
components of the electromagnetic variation
field measured at the earth’s surface are used
to determine conductivity distribution within
the Earth.
The constructed set of transfer functions
includes local impedance tensor [Z] and
tipper vector [W] and was extended with the
estimation of the inter-station magnetic
responses or horizontal magnetic tensor [M],
i.e.,
(1)
,
,
(2)
(3)
,
in which E and H represent electric and
magnetic fields and and are the local and
the base site positions, respectively.
Impedance is usually displayed via two
parameters, apparent resistivity and phase
), and tipper is usually displayed as the

:

induction vector
,

(4)
,

(5)
,

(6)

,

(7)

is the angular frequency and
where
is the magnetic permeability of free-space.
Perturbation arrows, shown in Figure 2,
present the data in an informative manner:

(8)
(9)

,
,
,

in which

,

and

are

, in which is
the elements of tensor
a unit tensor and
and
are unit vectors
in x and y directions.
Rotation of vectors and by 90-degree in
a counterclockwise direction gives an
impression of direction and strength of the
anomalous current field [7]. As Figure 2
shows, the dominant orientation of the real
part of the magnetic perturbation vectors at a
large number of points is in a SW-NE
direction. After a 90-degree rotation, they
indicate the direction of anomalous inductive
currents which are SE-NW and with relative
consistency to the estimated strike in Figure
3.
An extension of Swift's scheme was
applied to the horizontal magnetic tensor and
minimization of the amplitude of the tensor’s
off-diagonal elements yields:
,

(10)

Ninety-degree inherent ambiguity of the
strike angle has been solved considering
induction vectors and geological information
and the geoelectrical strike was selected
according to rose diagram displayed in
Figure 3a. Strike is calculated at all periods
for all stations and the rose diagram, which is
the way of presentation of the values, is used
for showing their distribution. According to
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different geomagnetic bases were combined
and related to the horizontal magnetic field at
a common final reference.

this distribution displayed in Figure 3a, strike
seems to be stable around
. All of
the magnetic field components related to

(a)

(b)
Figure 2. (a) Map of perturbation vectors (p) (blue: real parts; red: imaginary parts), (b) Map of perturbation vectors (q)
(blue: real parts; red: imaginary parts).
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Figure 3. Rose diagrams of strike direction: from horizontal magnetic tensor for LT-7 profile (top) and from impedance
for reference site (down).

The strike of the reference site, which
should be considered in the rotation
procedure of M, was estimated-based on

phase tensor scheme [2]-equal to the mean
value of 0 and it is shown in Figure 3b.
Skew is a rotationally invariant parameter
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that is a measure of dimensionality of data
and for inter-station magnetic responses, it
takes the form of:
(11)
which vanishes under true 2D conditions.
Pseudo-section of the horizontal magnetic
skew-parameter is represented in Figure 4.
The overall horizontal magnetic skew is quite
low but increases in the TESZ center and at
the Paleozoic Platform. The values of skew
confirm the presence of a 2D structure. Some
three-dimensional (3D) effects appear in the
southwestern edges of the profile. However,
for most part of the profile, the values of
skew fall in the range of
, which
justify two-dimensional (2D) modeling of the
data. It should also be mentioned that in true
,
,
and
are the only
2D case,
transfer function elements that do not vanish
to zero.
3 TWO-DIMENSIONAL
OF MT & MV DATA

INVERSION

An extended version of REBOCC, to
incorporate inter-station magnetic responses
[11], was used for 2D inversion. In this
algorithm, the smoothest model, subject to an
appropriate fit to the data in the space of
model parameters, is sought. However, the
result of the first run of inversion cannot be
reliable. It is just a model that possibly fits
the data. To obtain a reasonable model,
inversion should be repeated using different
grids, different starting models and different
apriori information. Available 8-component
data involve apparent resistivities and phases
of both polarizations,
,
,
,
,
real and imaginary parts of tipper,
,
and real and
imaginary parts of inter-station magnetic
and
.
tensor,
The relative error floor of
for
apparent resistivities and an absolute error
for phases and a value of
floor of
for tipper and inter-station magnetic data
were selected.
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REBOCC only detects major anomalies
and subvertical conductivity structures
without details [6]. Sensitivity of different
components of the data to different resistive
and conductive, subhorizontal and subvertical
structures and 3D distortions are completely
case dependent. However, TE polarization
data are strongly affected by 3D distortions
[9]. Tipper
and inter-station magnetic
tensor
do not have either any
sensitivity to a layered structure or a high
sensitivity to small-scale lateral changes of
the conductivity.
In order to the joint inversion of all 8component data, one or two components
were inverted at each step. Then, the
resulting model was used as the starting
model for the inversion of all components
and obtained models were compared. This is
a very useful analysis to choose the model
with the best resolution. Finally the model
resulting from inversion of the combination
of TM mode and tipper data was used as the
starting model for inversion of all
components. This combination is less
sensitive to off- diagonal features.
For testing the stability of the obtained
model, some apriori information about the
existence of a very conductive overburden
and also the conductivity of the mantle were
incorporated into the prior model in 2D
inversion procedure. The final result is shown
in Figure 5 as a resistivity section across
TESZ. Several structures appeared in the
model of Figure 5. Structure A shows a thick
conductive overburden that relates to the
sediments of the Cenozoic-Mesozoic Era and
becomes too thin in the center of the TESZ.
These sediments are layers of alum shale
which were encountered in several deep
boreholes and their high conductivity has
resulted from saline fluids and aquifers that
are common in the area. The variation of
their thickness has also been imaged.
Structure B at the depth of the lower crust
relates probably to meta-sediments of
graphite and alum shale or saline fluids
(crustal brines). Blocks C and D correspond
to the resistive upper mantle and D located
below EEC is more resistive than C located
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below PP. Block C has been less covered by
the data; but it seems to have smaller depth
than D and reflects the lithospheric thickness
and dipping state of the asthenosphere which
is expectable due to seismological studies. E
has the worst resolution and may be
interpreted as an artifact created during

inversion
the
procedure
to
match
the 3D effects involved in the data [4].
Data fits for the data from three example
sites are displayed in Figure 6. As it
can be seen, there is an acceptable
agreement between the observed and
calculated data.

Figure 4. Pseudo-section of horizontal magnetic skew.

Figure 5. Two-dimensional resistivity model along LT-7 profile across the TESZ.

Using the magnetovariational sounding method to …

9

Figure 6. The fit between observed and calculated data for three representative sites (blue: TE for apparent resistivity and
phase, real part for tipper and inter-station magnetic response; red: TM for apparent resistivity and phase,
imaginary part for tipper and inter-station magnetic response; solid lines: calculated data; circles: observed
data).

4 DISCUSSION & CONCLUSION
Based on the results of strike
determination, the complete set of transfer
functions was created. According to the
dimensionality analysis procedure that
justifies the dominant 2 nature of data, 2D
inversion was jointly applied to MT/MV

responses.
At the first attempt, the whole data set for
periods up to 33000s, across the TESZ, were
processed for the inversion. But due to a nonreasonable misfit between the measured and
modeled data at very long periods, the
modeling was limited to the periods up to
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20000s. This may somehow be attributed to
source effect and/or electromagnetic noise
[10].
Incorporation of inter-station magnetic
responses to the input set of the data for
inversion confirms the efficiency of this kind
of data to resolve deep structures; however,
occurrence of some errors, like 3D behavior
and the lack of a real common reference on a
true 1D structure, challenges the effective
usefulness of the horizontal magnetic tensor.
Because of the existence of a thick
conductive overburden, static shift effects
cannot be a serious problem in this case.
Three separate parts can be observed on
the profile. The deep-extended Suture
between the EEC and the PP is clear on the
model. Precambrian Craton has a simple
geological structure, including sedimentary
rocks with decreasing thickness towards the
northeast and the increased resistivity with
depth reflecting crystalline basement. PP also
is homogeneous, but sediments are thicker
and the basement is less consolidated and so
less resistive. The homogeneity of the
structures of EEC, and to a lesser degree of
PP, is the common geological character of
Cratons and Platforms. The most complex
structures are in the central parts of the
profile (TESZ) showing its tectonic history.
As an implicit conclusion, the results specify
that TESZ causes significant conductivity
anomalies in the crust and upper mantle
which are resolved in this paper.
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