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Amalgamation of GondwanaAmalgamation of Gondwana

Geological map showing the PanGeological map showing the Pan--
African Belt between East and African Belt between East and 
West Gondwanaland (Stern, 1994).  West Gondwanaland (Stern, 1994).  

Study area



Structure and Evolution of East Structure and Evolution of East 
Antarctic Lithosphere (SEAL)Antarctic Lithosphere (SEAL)

•• GoescientificGoescientific field works in the Western Enderby Land field works in the Western Enderby Land ––
Eastern Eastern Dronning Dronning Maud Land Maud Land 
•• Japanese Antarctic Research Expedition (JARE)Japanese Antarctic Research Expedition (JARE)

•• The The geoscientificgeoscientific themes:themes:
•• Structure and compositions of continental crust by DSS.Structure and compositions of continental crust by DSS.
•• Origin of ultraOrigin of ultra--high temperature metamorphism.high temperature metamorphism.
•• Tectonics and geochronology of the Napier Complexes.Tectonics and geochronology of the Napier Complexes.
•• PaleomagneticPaleomagnetic, & sediment studies of East Antarctica., & sediment studies of East Antarctica.
•• Potential field data Potential field data aquisitionaquisition



Geological Setting Geological Setting 
of East Antarcticaof East Antarctica

Tectonic setting & proposed profiles, with estimated Tectonic setting & proposed profiles, with estimated crustalcrustal sectionsection
((Harley &Harley & HensenHensen, 1991), 1991)
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Survey MapSurvey Map

JAREJARE--43: SEAL43: SEAL--20022002

JAREJARE--41: SEAL41: SEAL--20002000

Geophone; 2Hz, verticalGeophone; 2Hz, vertical
Receiver spacing; 1 kmReceiver spacing; 1 km



JAREJARE--41,41,--43 (SEAL43 (SEAL--2000, 2000, --2002)2002)
Field operationsField operations
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MiyamachiMiyamachi et al. 2003et al. 2003

First arrival analysesFirst arrival analyses
(SEAL(SEAL--2002)2002)

Ice sheet velocitiesIce sheet velocities



Velocities of ice sheet Velocities of ice sheet 
& topmost crust& topmost crust

(SEAL(SEAL--2002)2002)

MiyamachiMiyamachi et al. 2003et al. 2003
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(Vs)(Vs)Granulite facies zone

Transition zone



Toda et al. 2003 Toda et al. 2003 

Radio echo soundings + Gravity Radio echo soundings + Gravity 
(SEAL(SEAL--2000)2000)

Bedrock Bedrock 
topographytopography



Takada et al. 2003, Toda et al., 2004Takada et al. 2003, Toda et al., 2004

Bedrock topographyBedrock topography
(SEAL(SEAL--2002)2002)

Radio echo soundings + Gravity Radio echo soundings + Gravity 



Yamada et al. 2004Yamada et al. 2004

Response from Response from 
valley structurevalley structure

Kermadec Is. Earthquake 
Depth=437 

((SEALSEAL--2002)2002)



X-phases, Around Antarctic event ? 
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WideWide--angle analysis (SEALangle analysis (SEAL--2000)2000) Yoshii et al., 2004

Ice sheet
+ Upper crust

+ Middle crust

+ Lower crust



Crustal velocity model
DSS wide-angle
(Yoshii et al., 2004)
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6.56 km/s

6.08～6.26 km/s

8.03 km/s

Ice sheet

SEAL-2000, 
Mizuho routes

3.80 km/s
2.80 km/s



Wide angle analysis (SEALWide angle analysis (SEAL--2002)2002)

MiyamachiMiyamachi et al. 2003et al. 2003



Migrated Reflection Section Migrated Reflection Section 
(SEAL(SEAL--2000)2000)

Yamashita et al., 2004Yamashita et al., 2004
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Migrated Reflection Section  (SEALMigrated Reflection Section  (SEAL--2002)2002)
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Jacob（2002）

Tectonic evolution of Tectonic evolution of 
PanPan--African African orogenyorogeny

( 550 Ma )( 550 Ma )

LHC

Ishikawa and Kanao
（2002）

EE--W Gondwana sutureW Gondwana suture



EE--W Gondwana sutureW Gondwana suture

Geological setting and proposed seismic lines in Eastern Geological setting and proposed seismic lines in Eastern DronningDronning Maud Land Maud Land --
Western Enderby Land, on  aeromagnetic anomalies (Western Enderby Land, on  aeromagnetic anomalies (GolynskyGolynsky et al., 1996).et al., 1996).



Breakup ofBreakup of
GondwanaGondwana

( 150 Ma)( 150 Ma)

Mozambique Basin
Reeves and DeWitt (2000)

LHC

Salman and Abdula (1995)



Tectonic interpretation for 
the reflectivity in LHC

NE-SW compression

At Pan-African ?

NW-SE extension

At Breakup ?

SEALSEAL--20002000

SEALSEAL--20022002

SEALSEAL--20022002

SEALSEAL--20002000

on aeromagnetic anomalies (on aeromagnetic anomalies (GolynskyGolynsky et al., 1996)et al., 1996)



Shear wave (SKS) splitting

1 s

Plate motion

upper mantle or crustal 
anisotoropy ? 

SKS fast direction

?
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Future study



LITHOPROBE, Ludden and Hynes（2002）

Mont-Tremblant

When the reflectors have low velocities;

- Delaminated continental lower crust  (Pan-African collision, W-block)

- Shear zones in the continental lithosphere (maybe Pan-African age ?)

Reflectors in the upper mantle ?

When the reflectors have high velocities;

- Subducted fragments of eclogitic oceanic crust (Pan-African, early stage) 

- Underplated mantle materials (Breakup in mid-Mesozoic, or Pan-African) 

LHC, East Antarctica

SEAL-2002, WE-SW



CONCLUSIONSCONCLUSIONS
Deep structure and tectonic evolution of the PanDeep structure and tectonic evolution of the Pan--African belt, the LHC were African belt, the LHC were 
investigated by active seismic surveys on continental ice sheet investigated by active seismic surveys on continental ice sheet by SEAL program.  by SEAL program.  

Wide-angle travel-time analyses revealed Moho depths ranging in 38-42 km, with 
velocities of upper, middle, lower crust and uppermost mantle, as 6.2, 6.4, 6.5 and 
8.0 km/s, respectively. (Not so high in the lower crust -> felsic granulites ?))

TravelTravel--time analyses along the SEALtime analyses along the SEAL--2002 profile obtained a gradual increase in 2002 profile obtained a gradual increase in 
velocities from 5.9velocities from 5.9--6.2 km/s on the topmost crust: which agree with the 6.2 km/s on the topmost crust: which agree with the 
metamorphic grade along the coast (NE metamorphic grade along the coast (NE amphibolite amphibolite to SWto SW granulite faciesgranulite facies).  ).  

Complicated crustal structure by reflection section of SEAL-2002 indicate the 
influence of compression stress in NE-SW direction during Pan-African event; 
when the last stage of continent-continent collision between E-W Gondwana.  

On the contrary, fairly flattering structure derived by SEAL-2000 suggests the 
existence of extensional stress in NW-SE direction presumably associated with 
breakup of Gondwana around 150 Ma.
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