
1 

!"#$%"&'()**+",-&(#.+$&/(0-+1'(2&#((
3+24"&(!.4#.*,-&((211-*$2'"#(5$'6('6"((

7-6-8.(92+'6:.28";(<-+'6"+&(=2>2&!

(((?@((A21"@(B--+";(CA(!2&'2(A+.D((2&#(
((((((((E+"#(A6"1'"+;((7"F21()GB(C&$H"+1$'@(!"#$!%$&'$(!(#)!!

*+,)$-($,$'./(/!
!0-12+1!3! 0!/($&1!$4!$556+,,!

/(&+7'&+8#1!



7-6-8.(92+'6:.28"(
IB2+*6(JJ;(KLJJM(IB2+*6(JJ;(KLJJM(

9+8+-:!!0!;)<=/!$4!*,+()!>$=-5+&.)/!



*&./?!

@$#$A=!

0')!BC+D!

*&./?!

*,+()!>$=-5+&1!!
%+=,(!%+=,(!

E-5)&F!
(#&=/(!

;+-A+.!
C$&$($!

G!!!!!!H!!!!!IJ!!!!IK!
0')!BC+D!

*&./?!

*,+()!>$=-5+&1!%+=,(!

E-5)&(#&=/(!

>+&6+5$/!

0')!BC+D!

@#&=/(!

*,+()!>$=-5+&1!!
%+=,(!

;+-A+.!!C$&$($!
!



L)4)&)-M)!N.()!L)4)&)-M)!N.()!

"),,FO)P),$8)5!Q$&/(!
+-5!R&+6)-!@)&&+-)!



S-M$?.-'!Q$&/(!+-5!R&+6)-!@)&&+-)!$T!;$&(#)&-!9+8+-!
BR)$C+8088!5+(+D!

0U! 0!

@&)-M#!@&)-M#!

0U! 0!Q$&/(/!+-5!R&+6)-/!

Q$&/(!2.5(#!$4!/)P)&+,!!A?!
V)&7M+,!$T/)(/!.-!($!'&+6)-/!M+W!GXX?!
VWYW!Z!H!<[!



7-6-8.N-8$(92+'6:.28"N+"O2'"#(P"Q-+%2,-&!B\$5.+&+!)(!+,W[!JXIJ[!;+A+?=&+!)(!
!!!!!!+,W[!JXI][!^#)/()&!)(!+,W[!JXI]D!
_!O)4&$?+7$-!$4!'&+6)-!`,,!!!!!_!*,+()!>$=-5+&1!%+=,(!5.P)/!6)-)+(#!'&+6)-!`,,[!!
+-5!()-5/!($!)?)&')!-)+&!(&)-M#!+<./!!_!aP)&+,,!b!cX!?!$4!5./8,+M)?)-(!



I!?!^$&)!$4!NM+,1!
^,+1/($-)!

C=5F!
/($-)!
*#+M$.5!

Gd!
!
!
!
!
!
!
!
!
!
!
!
!
cH!

O)(+.,!$4!GdFcH!M?!

*,+()!>$=-5+&1!%+=,(:!!!
V)&1!%.-)!R&+.-)5[!!
L.M#!.-!N?)M7()!



L)/./7P.(1!S?+')!$4!*,+()!>$=-5+&1!%+=,(!e$-)!>$&)#$,)!
N())8!!
O.8/!!
Bf!HIg!
?6/4D!

N#+,,$2!
O.8/!!
Bh!HJG!
?6/4D!

N2))(!
N8$(!

Fault Zone

Ch
er

t

?

yal C n
wor B

2 nia
mo

D                                      3 nia
mo

D

High
Resistivity

Zone

C0019-J-F16



^+8(=&.-'!@#)!(#)!R&+6)-F`,,.-'!N)5.?)-(!
*,+()!>$=-5+&1!%+=,(!./!P)&1!2)+A!

O=)!($!)-&.M#?)-(!.-!/?)M7()!+-5!`-)!'&+.-!/.i)!

Siliceous
Ashy

Mudstone

Cherty Mudstone

Plate Boundary
Thrust fault

100

200

300

400

500

600

700

800

   0
Pl

io
ce

ne

Ashy Mudstone

M
id

dl
e 

- U
pp

er
M

io
ce

ne
Q

ua
te

rn
ar

y

Plio.
Quat.
Barren
M-U Mio
U Mio.
Cret.

Radiolarian 
Diatomaceous 

Claystone

Vitric
Diatomaceous 

Silty Clay

Vitric 
Diato-

maceous 
Silty Claystone

Site 436

M
id

dl
e 

-U
pp

er
 M

io
ce

ne
    

    
    

    
    

    
  P

lio
ce

ne
    

    
    

    
    

    
    

    
   Q

ua
te

rn
ar

y
L-

U
Cr

et
Eo

c-
l M

io

94-113

200

300

400

   0

100

Age
(Ma)

16

11 

  5

54
Chert

Siliceous, 
Ashy Mudst.

Pelagic Clay

M
et

er
s B

el
ow

 S
ea

 F
lo

or
 (m

bs
f)

uncored

uncored

uncored

Site C0019

N+2+.!)(!+,[!JXIG!^$)jM.)-(!$4!4&.M7$-!
!.-!*),+'.M!^,+1!N.()!G]K:!!f!XWJ!!
*,)+'.M!^,+1!E-.(!(#.MA-)//!+6$=(!GgWc!?!6=(!
6$=-5+&.)/!(&+-/.7$-+,DW!

Siliceous
Ashy

Mudstone

y Mudstone

Boundary
hrust fault

y Mudsy Mudstone

Radiolarian 
Diatomaceous 

Claystone

Vitric
Diatomaceous 

Silty Clay

Vitric 
Diato-

maceous 
Silty Claystone

M
id

dl
e 

-U
pp

er
 M

io
ce

ne
    

    
    

    
    

    
  P

lio
ce

ne
    

    
    

    
    

    
    

    
   

-U et
Eo

c-
l M

io

200

300

100

11 

  5

Chert

Pelagic Cla

uncored

Ek..)!)(!+,W[!JXI]W!^$)jM.)-(!$4!4&.M7$-:!XWIc!($!XWXc!!

one

94-113

16

54
y

SA+&.!)(!+,W[!JXIc!N,.5.-'!%&.M7$-!Z!!XWJF!X[JK!P)&/)/!
XWc!.-!2+,,!&$MA!!
!
!

%=,($-!)(!+,W[!JXI]W!088+&)-(!M$)jM.)-(!$4!
4&.M7$-:!XWXH!

L)4)&)-M)!

\+?)5+[!)(!+,W!JXIcW!!N?)M7()!)-&.M#?)-(!!



20o N

10o N

0o

30o N

40o N

50o N

60o N

20o N

10o N

0o 

            150o  W      140o W      130o W       120o W             

                               

            170o  E       180o E        170o W       160o W              

                               

            130o  E        140o E        150o E        160o E              

                               

120 Ma
100 Ma

20 Ma

C0019 

Legend
Terrigenous-
Volcaniclastic Mud 

Siliceous Mud 

Transition                            Unclassified

Pelagic Clay                        Equatorial Biogenic Mud

436

        Birth  of Sites at Kula-Pacific 
             Spreading Center

N)5.?)-(/!$-!?$5)&-!*+M.`M!*,+()!.-!5))8!2+()&[!)<M,=5.-'!
/)+?$=-(/[!./,+-5/!$&!$M)+-.M!8,+()+=/!!

B06/$,=()!8,+()!?$7$-!.-!?$P.-'!#$(/8$(!&)4)&)-M)!4&+?)!O$=6&$P.-)[!JXIJl!
/)5.?)-(!5./(&.6=7$-!4&$?!C$$&)!)(!+,W[!JXIcD!



^$-M)8(=+,!^&$//!N)M7$-!N#$2.-'!YP$,=7$-!$4!Q$&/(!

Siliceous
Ashy

Mudstone

Cherty Mudstone

Plate Boundary
Thrust fault

100

200

300

400

500

600

700

800

   0

Pl
io

ce
ne

Ashy Mudstone

M
id

dl
e 

- U
pp

er
M

io
ce

ne
Q

ua
te

rn
ar

y

Plio.
Quat.
Barren
M-U Mio
U Mio.
Cret.

Radiolarian 
Diatomaceous 

Claystone

Vitric
Diatomaceous 

Silty Clay

Vitric 
Diato-

maceous 
Silty Claystone

Site 436

M
id

dl
e 

-U
pp

er
 M

io
ce

ne
    

    
    

    
    

    
  P

lio
ce

ne
    

    
    

    
    

    
    

    
   Q

ua
te

rn
ar

y
L-

U
Cr

et
Eo

c-
l M

io

94-113

200

300

400

   0

100

Age
(Ma)

16

11 

  5

54
Chert

Siliceous, 
Ashy Mudst.

Pelagic Clay

M
et

er
s B

el
ow

 S
ea

 F
lo

or
 (m

bs
f)

uncored

uncored

uncored

Site C0019

100

200

300

400

500

600

800

   

M
et

er
s B

el
ow

 S
ea

 F
lo

or
 (m

bs
f)

0             5            10           15
                     Age Ma

   
   

   
   

   
   

   
   

   
   

   
D

ep
th

, M
, b

el
ow

 se
afl

oo
r 

80
0 

   
   

 7
00

   
   

  6
00

   
   

 5
00

   
   

 4
00

   
   

   
30

0 
   

   
20

0 
   

   
 1

00
   

   
   

 0
 

Age range of 
     microfossils 
       from cores

Quaternary 
Anomaly

@#.MA!BIJX?D!
m=+()&-+&1!/)M7$-!
,.)/!k=/(!+6$P)!8,+()!
6$=-5+&1!4+=,(!
"#)&)!4&$?3!

N.()!^XXId!

*,+()!>$=-5+&1!%+=,(!

Q
B
M

0             5            10           150             5            10           15





N#)+&!e$-):!!O.8/!/())8)&!.-!M$&)!+-5!
/#+,,$2)&!$-!(#)!n+-A/!

*,+()!!
>$=-5+&1!
%+=,(!

ID!*,+()!6$=-5&1!%+=,(!
^$&&),+()/!2.(#!6+/+,!,$2!5.8!
i$-)!
JD!N#+,,$2!5.8/!+6$=(!IJX!?!
/#+,,$2)&!(#+-!*,+()!!
>$=-5+&1!%+=,(!?+1!&)8&)/)-(!
/#)+&!i$-)!+(!=88)&!6$=-5+&1!
$4!m=+()&-+&1!5)8$/.(/!!

o"O!+-5!!
^$&)!O+(+!



*&)5.M()5!!
%$,5!0<./!!
@&)-5!

^$-P)&')-M)!
O.&)M7$-!JdJ!

5)'W!



6800

6900

7000

7100

7200

7300

7400
70000 71000 72000 73000 74000 75000 76000

D
ep

th
 M

B
S

L

Annular Pressure

!"#$%&'()(*&

+,#$&-../0&&

1$"23%$*$4#2&,4&
!"#$%&-(53*4&

0

200

400

600

800

1000

1200
0 4 8 12 16

C0001A

C0001D

C0003A

C0004A

C0002A

C0006A

D
ep

th
 (m

bs
f)

Annular Pressure While Drilling (MPa)

hydrostatic

Measurement While Drilling

7400
70000 71000 72000 73000 74000

Annular Pressure

Measurement While DrillingMeasurement While DrillingMeasurement While DrillingMeasurement While DrillingMeasurement While DrillingMeasurement While Drilling

MPa
  0       2       4       6       8      10     12

hydrostatic

D
ep

th
 (m

bs
f)

C0019: Tohoku

;+-A+.!@&$='#[!\..!*)-.-/=,+!



Observa7ons	and	Conclusions	
•  At	the	Tohoku	Loca7on,	Accre7on	wins	over	
subduc7on	or	subduc7on	erosion	because	of	
extremly	wide-spread,	weak	basal	shear	zone	in	
smec77c	pelagic	clay	overlying	strong	basal	horst	
and	graben	terrane	

•  Quaternary	“slab”	reflects	early	development	of	
complex	structural	geology	in	a	rapidly	converging	
or	high	strain	system	

•  Structural	Processes	opera7ng	in	absence	of	lots	
of	fluids	fluids,	based	on	interpreta7on	of	Annular	
Pressure	While	Drilling.	


