
JÞǀǂǋǛó[ǬmǭǪ2�

ŊÒėvǩ}ĒC�ǩµĒŴÑ	

2016.10.11�

Ť�

�ª aǸļxƔ�^�
úǯEǸƸƲǈǨǂǬ�ªƘé¯ŵĪĊ aƘ¬Ěŵ�ªƘģ��Àǭ�

úǰEǸ,ƁTJƘæĜǯŢ(VLBIŵGPSŵJ|ƔJĬǭŢ�
úǱEǸ,ƁTJƘæĜǰŢǬï«Ƙô,ŵÇÃwƘï¹årƘć°®ǭ�

úǲEǸǖǥǪǍĽ,[ƔǱöƘǖǥǪǍPãŢ�

úǳEǸń+årƔƱƲǅǂǇǀǪ�

úǴEǸ
VÇlƔÇÃǖǥǪǍŢǯǬÇÃǖǥǪǍƮ�Ɖƪjíǭ�

úǵEǸ
VÇlƔÇÃǖǥǪǍŢǰǬJŕÁǩŔ¹��ŽƨÇÃǖǥǪǍƮ�ƪǭ�

úǶEǸǖǥǪǍƘØèļ-ŢǬǖǥǪǍƘušƔºÉǩØÆŅŵǤǪǍ(ǭ�

úǷEǸǖǥǪǍ7�KPãƘÚ�ƔǖǥǪǍ7�ĺxƘÀ(Ţ�

úǯǮEǸTŐĔøƔĻhĽ,ŢǬJŕǩÅ�gǩÓh$pǭ	
úǯǯEǸǁƶǑƿǪǎƔŎÔǯǬǁƶǑƿǪǎƔƙ�Žǭ�

úǯǰEǸ�à��¢&kƘļ-<ǬÚƗ�¢Ç�TƗƐŹƒǭ	
úǯǱEǸǁƶǑƿǪǎƔŎÔǰǬǁƶǑƿǪǎƘæàǜƷǐǃǛǭ�

úǯǲEǸǁƶǑƿǪǎƔŎÔǱǬ·<ǩ�<��ƘoTÔ`ǭ�

úǯǳEǸǁƶǑƿǪǎƔŎÔǲǬJŕǩÄÁƗƧƪÔ`ƔbûǭŢ�

Â�ǭļxƗƧƏƒƙĪĊ až�łR�ƗƖƪ;Č�ŸƩ	
ŊÒǩµĒ�{ŵ}Ē�{�

ť�

2EéƘĪĊƘéè�

úǰEǸ,ƁTJƘæĜǯŢ(VLBIŵGPSŵJ|ƔJĬǭŢ�
úǱEǸ,ƁTJƘæĜǰŢǬï«Ƙô,ŵÇÃwƘ
ï¹årƘć°®ǭ	
	
•  ǖǥǪǍǋƺǍǐƺǂæĜƘMñƔƖƏƍJĬ[
èǩ9Jï¹[èĢ�Ʈ[ƞ	

•  Jï¹Ƙ6ĲƔjíƘï¹Û~²ƮßğƇŵ
ÇÃw�TĦƮ[ƞ	

Ŧ�

ƳƴƼǏǪƘTŐô,ĦǬ1912uǭǸíÕþƙ�ƐƘĮTŐǬǒǨƼƱǭžŵǗǤǛþ	
ƗƖƩ1.Ɨ$ĖƮ'ƤÝIƘYƗƖƏƍƔŹźǝǌǤ	
→JĬǬ9»¾ǭǩ-í$pƖƕƮĦ�ƉƪžŵƌƘŜ,+ƮĦ�ƓſƊ�òƮWź	

ŧ�



9»¾Ƙ
Ģ��

TŐžô,ƉƪƔŹźƃƔ
ƙŵǖǥǪǍǩǋƺǍǐƺǂ
ßĨƘŝ©ž]�Ɖƪ
�)ƗŵJĬ[èƖǌǪ
ǇŽƨòDƅƫƒŹƍŶ	

ƌƘƛƔƐžľ4Ƙ»¾
Ƙ$pƓŸƪŶ1üŵƱǔ
ǣƷŵƲǨǎŵƶǪǂǍǢǣ

ƱƗ$pƉƪ}�íÕþ
ǬÿǱ�u)ǭƘ»¾Ƙ$
pƔô,�?ƙŵƃƫƨ
ƘTŐž{�ƾǨǎǧǏ
TŐƔŹźƛƔƐƘTŐ

Ʈ|�ƇƒŹƍƃƔƮòD
ƉƪŶ�

Ũ�

9¹�Ƙ	
Ģ��

=FƘƧźƗTŐƮœ>ƅ
ƋƪƔŵĭĿLƮÚ�ƑƂ
ƪ9à�¡�ǬǗǤǛþŵ
ǰ�ǳ/	u)ŗǭƘđæ
jŵíÕgŵƅƯƄðN÷

Ùƙ�êąƗ	ƯƓ$p
ƇŵƌƘ1.��Ɨƙî
Ð�î�ƖƕƘîÐN÷
ÙŵƅƨƗƌƘ1��Ćx
JLƗƙ»¾N÷Ùž$
pƉƪƃƔƗƖƪŶ	

ƃƘƃƔƙŵ9à�¡�Ƙ
TŐƘŃĉƙFƘƧźƖ

ƥƘƓŸƏƍƃƔƮòDƉ
ƪŶƃƘĮTŐƮǒǨƼƱ
ƔĠŹŵ.0$ƘǦǪǢǀ
ƱƔ10$ƘƾǨǎǧǏƙ

ǋǉǂÇƓŒƒƨƫƒŹƍŶ�

6	

ï«Ƙô,ƔTŐÏôĦǬTŐô,ĦƘ�Åǭ�

ƷǨǕǣƱþ�ŏƘjí¸äï¹žòƉï.ƙ��ƔƔƥƗR-Ƈŵ.üƔǡǪǦǊǒƓËƏƍï
«Ƙô,İįƙ�ĎƇƖŹŶľ4Ɨƙï.žĘ�ŸƏƍƘŽǹŹƦƌźƓƙƖŹŶTęÃƮŋƈ
ƪƧźƗ.üTŐƔǟǪǢǀƱTŐƮô,ƅƋƪƔŵǁǞǢþ�)ƘǰƐƘİįƙƝƏƍƩƔ�ĎƉ
ƪŶƎŽƨŵǁǞǢþ�)ƗƙǰƐƘTŐž>�ƇƒŹƒŵǁǞǢþ�}ƗTęÃžŌſXƤƍƔ
ċŻƨƫƪŶƃƘǌǪǇƙĸ�èƖTŐô,ĦƘsƮŌŹƍŶ�

Ū�

Jï¹ƔÇÃw�TĦ�

•  jíƦňÙƙïíƓŸƪǬJï¹ƮġŉƉƪǭ	
•  Jï¹žàBƔJÞƮ\Əƍ	
•  Jï¹ƘĹĲƔJÞ łƘĽ,	
•  ÇÃw�TĦ�
•  ÇwƘu�ƔºÉǩJ|	

ū�



JÞïOƔĆxƔƘō�ŵżƧƜï«Ƙ6Ĳ�

ŰŮůŢ�ŢŭŢťŰŮůŢ	�

JÞƙ5«ZïOƮ�ƏƒżƩŵƇƚƇ
ƚ6ĲƇƒŹƪŶï+ąƘ�ĞŢ�ŢƔĆ
xŢ	Ţƙō�ƉƪƘƓŵjíƗġŉƅƫ
ƍŢ�ŢƮË^Ɖƫƚŵjížï-ƇƍƔſ
Ƙ9ĆxƮìƪƃƔžƓſƪŶ�

«L� 
Ćx� ĭĿL�

9	

«L� 
Ćx� ĭĿL�

10	

jíƗġŉƅƫƪJï¹
Ǭ¸äï¹ǭ�

11	

ƕƘƧźƗjíƙïOƮġŉƉƪǹ�

ǴǮǮű�

ŞÊ�_Ê�

ÎjƙeƅƖïíǬïŇňǭƮƥƏƒŹƪ	
	
ƌƘïíƙŞÊǬƹǞǣǪÊxǭƗƖƪƔŵ?
ſžƚƨƚƨƗƖƪ	
	
"ŻƪƔſŵïíƙAƩƘïOƗ!xƌƬź�

Ťť�



jíƮÊƤƪƔï¹ƮWźǹǹ�

ÊxŴ�

ƹǞǣǪÊx�

ŤŦ�

ć°®ŵTŐô,Ɣjíï-�

Çl�

Ťŧ�

JÞïOƘĩ�

•  ïOƙŢ20 ~ 100 	uõxƓ6Ĳ	
•  ïOƘzxƙăŻƊR-	

Wikipedia�

�ĞƘR-�

�ĞǬºt�$Ƙë.ŽƨƘƊƫǭ�
ŤŨ�

JÞƙï¹Ʈ�Ɛ�

§ łƙ3600xǬjí
ƘƹǞǣǪÖƮĮŻƪǭ
→§žï¹Ʈ�ƏƒŹƪ
ƭƂƓƙƖŹ	
	
JÞ łƘd�Ǭņf
§ǭžô,ƉƪƃƔƓï
¹žæàǹ	
→JÞǈƲǏǝßĨ	

Ťũ�



Jï¹ƘĹĲǀǚǞǥǪǀǠǨ�

h:p://www.psc.edu/science/glatzmaier.html�

ŖąǸ ?ſ	
şąǸS?ſ�

ŤŪ�

ïOƘ6ĲǸ�/uĝ°ƘÝī�

•  Glatzmainer	&	Roberts	(1995Nature)	Ƙ6ĲǝǌǤ	

h:ps://www.youtube.com/watch?v=SJDcyyY01p4�

ŖǸ ?ſ	
şǸS?ſ�

Ťū�

Jï¹ƔUőŚ�

•  JÞAĵƙUőŽƨś£ƉƪĐŔýZǬǖǢǃǙǭƘÆƫ
ƓŸƪUőŚƗěƭƫƒŹƪžŵJÞƘï¹HƗƧƩJ
ĕƔ�ŷàBƙUőŚŽƨ\ƨƫƒŹƪŶ�

J	
Þ	
ï	
¹	
H�

ŤŬ�

'�JÞƘï¹HƔJÞ§�

§|� 
ŴŴŲ 
§ ƘØbÆ 
Å�- 
ŴŴŲ 
ǈƲǏǝïO 
z- 
 
'�àBƮ 
\Əƍǹǹ�

ÿǱǶ�u)ƘàBĤàƔï¹H|�ƔƘō�Ǹ ğ��
ťţ�



ǲǮ�u)ƘÓ��

È�ƘºŵïOŵT¹�
ǑǓǇǕǤǆǪǨƎƏƍǹ�

http://www.engadget.com/2012/08/21/curiosity-rover-flaunts-its-battle-scar/�

http://mars.jpl.nasa.gov/msl/news/whatsnew/index.cfm?FuseAction=ShowNews&NewsID=1461�

ïOžƖƁƖƩŵĴŹƱǤƾǨ*ƀ8ƨƫƍ	
ťŤ�

Jï¹6ĲƘ·<�

ïŇňƖƕƘï�ňÙƮ@ƣÓ�jƙŵƹǞǣǪÊx��Ɨ"2Ɖƪ�ƗJÞïOƓqïƉƪŶ
ƃƘjíƘ�cu�Ɣ¸äï¹ƮË^Ɖƫƚŵ´ï«/Ĺï«Ƙ��RŁž$ŽƪŶ� 22	

ÇÃwƘï¹årƘć°®� ıéèƓüÇıƙÇwï¹årƮ
Ë^ƇƍŶ�ƔŵćŷƘåržǩǩǩǩ�

ťŦ�

ÇÃwƘï¹årƘć°®�

ÇÃwƙÜµjŽƨƓſƒŹƪŶÜµjǙƻǙž"2ǩGĂƉƪľõƓqïƉƪƙƊŶï¹år
ƘćŷƙTęÃ
VÇlƗtēƓŵÇl
VĳƮ�ƯƓb×èƖǒǇǪǨƮòƇƒŹƪŶï«ƙ
ŘĈƗ6ĲƉƪƃƔƮ�ƗìƏƒŹƪŶƎŽƨǩǩǩǩǩ�

24	



ǻǺǼǽǥƽǪǈ	
ǝǌǤ�

ÇÃwƘï¹årƘćŷ
ǒǪǇǪǨƙŵŐ�ƓË^ƅƫ
ƍï«6ĲƘ·<ƘçŠǒ
ǇǪǨƔ�ĎƇƒŹƪǫ	

ƃƫƙŵ
VÇlƘ
ĳƗ
¿ƏƒÜµjǙƻǙžÌſ#
Ƈƒ"2G-Ƈŵ³ŷƔn=Ɨ
ô,ƇƒŹƁŶƌƘƔſŵÜµ

jƙƌƘ�ŷƘJÞïOƮġ
ŉƇƒŹƁƔċŻƫƚƧŹǫ	

ƃƘƱƲǌƱžÇÃw�TĦ
ƘXƢƩƎŶ� ťŨ�

ï¹ć°®Žƨ�TĺxƮìƪ�1.8 Paleomagnetism and the Motion of the Plates 53

Figure 1.29 (a) Magnetic anomaly profile perpendicular to the East Pa-
cific Rise (52◦S, 118◦W). (b) Induced magnetization in the oceanic crust
due to episodic reversals of the Earth’s magnetic field. (c) Correlation of
the positions x of the magnetic anomalies with t of field reversals to give
the velocity u of seafloor spreading.

the sedimentary cover and into the underlying basaltic oceanic crust. If we
hypothesize that the age of the oldest sediments in the sedimentary sequence
adjacent to the volcanic crust, as determined from studies of fossils, corre-
sponds to the age of the volcanic rocks, then we can determine the age of the
seafloor. This has been done for a number of DSDP holes, and the results
have been compared with the age of the seafloor inferred from studies of
the magnetic anomalies in Figure 1–32. The excellent agreement is striking
confirmation of the magnetic method for determining the age of the seafloor.

Because the surface area of the Earth remains essentially constant, the
velocities of seafloor spreading at ocean ridges can be related to velocities
of subduction at ocean trenches. As a result the relative velocities among
the rigid plates can be determined. The ten major plates are illustrated in
Figure 1–1. The relative motion between two adjacent plates can be obtained
using Euler’s theorem. This theorem states that any line on the surface of a
sphere can be translated to any other position and orientation on the sphere
by a single rotation about a suitably chosen axis passing through the center
of the sphere. In terms of the Earth this means that a rigid surface plate
can be shifted to a new position by a rotation about a uniquely defined
axis. The point where this axis intersects the surface of the Earth is known
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