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Abstract: The most challenging topics in earth sciences include mechanism of sediment accretion,
stress/strain distribution over décollement zone, deformation/metamorphism of plates and crusts,
generation of inter-plate earthquake, genesis of hydrocarbon, and deep fluid circulation all occur in a
major scale along the subduction zones. Most of the world’s subducting zone is too deep to intersect by
drilling from land-based drill sites, if we take the present level of the technology into account.
However, there exists exception south of Tokyo metropolitan area where we can reach the upper
surface of subducting Philippine Sea (PHS) Plate at a depth of 10 km. The JUDGE hole will penetrate
through accretionary wedge and décollement zone before it reaches the PHS plate. The hole will also
intersect seismic fault of devastating 1923 Kanto Earthquake and other giant inter-plate earthquakes.
Many interesting questions arise about the nature and the role of the dehydrated fluid on the processes
of deformation and earthquake generation. These questions can be answered through monitoring and

observation using JUDGE hole since it is unparalleled by any other means in earth science.
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Fig. 3-1 Subduction zones of the margin of the Pacific Ocean as indicated by barbs. Filled and open barbs
denote accreting and non-accreting margins, respectively. Double lines indicate oceanic ridges

(modified from Scholl ef al., 1994) .
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Fig. 3-2 Schematic section of the structure of an accretionary prism (Ogawa, 1991) .
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B3-1R HE - NERIOMEEE (OF, 1993 ; 7, 1995& D iES%).

Table. 3-1 Crustal stracture of the Izu-Ogasawara arc.
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Fig. 3-3 Distribution of plates around southern Kanto-Tokai region and crustal section of the Izu

-Ogasawara arc (after Saito, 1995) .
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Fig. 3-4 Migrated section of seismic exploration at the Nankai Trough, south of Muroto Penninsula
(More et al., 1990), Note clear image of décollment zone in the section.
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Fig. 3-5 Thermal modelling of plate Subduction (Toksé6tz et al., 1971) . Note sharp bend at the upper

surface of subducting slab.
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Fig. 3-6 Schematic diagram showing the arrangement of the proposed borehole and a volcano in the
subduction zone. Arrows: stress gradient with depth caused by crustal bending. Ss and Sd: stress
changes caused by magma-filled cracks in the shallow and deep levels, respectively. NAM:
North American Plate, PHS: Philippine Sea Plate. .
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Fig.3-7 Effect of stress gradient with depth on magma transport. A represents an upward crustal
bending. Magma can ascend easily. B is the case without crustal bending. C represents a
downward crustal bending. LNB: the level of neutral buoyancy.
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Fig. 3-9 Seismicity during the 1986 eruption of Izu-Oshima volcano (Nov. 21-30, 1986), and the volcanic
activity of Izu-Tobu volcanoes (1980-1989) (Yamaoka and Sakashita,1988; Okada and
Yamamoto,1991) . A shows epicentral distribution with the proposed borehole site. B shows
vertical cross sectional map of hypocenters along X-Y section.

— 141 —




WEFENA K B48E H3/45)

ADITT (RIS Z2bn iz, EHTOES (R
IR EEREREDLE > TWALDTHS, ZhoD
ZODRIIEPNETE L LT 5 L, BFUS/IBORM
ZA0iX, IEEIHEE TR 2 A AHIniE N o wERE, v
— M EROMBIEELL) ALZEHLTWE I
iz 3, ’

—75, IRBISI15 TR, % ORI 2 I8 /HRORRE
L LT, EiWHRRAOHBOIEI, KEHEE40km
FEEOFEREXKLUZECD L T35 OKILUND B,
B, ~7~87 7y 7 (EnE) CREINSETNVE
IRT 2% OBEISHEINTE T3 (FH, 1994).
TOEFNMZEINE, S OREEENOHEE TE
ERAkmIZ b Tz 5= 7RI, v 7~ OBEIPE K
CHEWEHIZLL w2 IETTh s (E3-6”DSs
Sd), B0~ 7~ R ORGSR, ~ 7
TRz & NIz 7 v 7 OBERBEPWEEENC L Y IGHE
BLTWa Z LnEfEan (BHE, 1996). /-, il
T3 2 KIUT, BEWOKUFRTOERDS << HERD
B L D +EWEE, IBHEREN & LN REE
TER 217> T 3 WEEMED D 5 (BH, 1994). #1z13,
NTADFTIT7LT KL~ F a7 KITiE, I005ERE

BORR 7 —N T, <7 R Y OEKESNCE
T BEED Y XABKEIEET 3 (M Thiz) <
& — VBN TS,

JUDGEYiH Th =7 < OEHR
BREEBHIER- T, EARNcERTTRZO X%
EZTHD, B3 IIFTRE L FERERIRKILEFTLO
BESMET, REEOHBRERERLY 7 v 7EBAOH
BERLTCWB EEZONS, —REDOZ Iy 72 &
BIEINE, 77y 7 OESOESMOEBI ITIREND
RSEINCEL. £oT, 2L U TRPERBES0kmDIE
JHR, B OBREN & VA7 < 40kmBEN 7 IEEIH T B
FHBAITE S (BE3-6DSs). 1986FEFETARE DK
T, BS10kmPAR I KEER20kmIzbiz 2=/~ T
Wledhiz7 oy 7 BREALIEEZ N, ZHYED
BREETCI0 04 — ¥ —OELBBR S Wi (BE3-
10K) . SBESEOTEEOEWITIER X 2BE2T LT
WAHDT, ISR FEREMILBETE
3, ZEEBLIEADOETH B Z i, LHE-FERGHA
WEALREZ Iy 7 (B3-9K) KER L AR EHYE
EPNET 5 Z & THARMGETH 2, 72, DGR E

L=

Miura

2.5 R

Yugawara

3P
Higashi-Izu
4.1 E
Toi

SKE

Oshima (1/512)

Pt
<
~

Nov.21 22
1986

23 24

G, Expansion

E:c

#3-108  1986EFTAE DA & 2 HWEEE T I, 1987). BMOBFRRERD R ¥ —Viztd 3

firs,

Fig. 3-10 Changes of volumetric- strain durihg the 1986 eruption of Izu-Oshima volcano (Kanjo et al.,
1987) . Number in the parentheses represents magnification of data.
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Fig. 3-11 Schematic cross-section of a typical subduction zone and distribution of hypocenters. In the

subducting plate, outer-rise type earthquakes, usually. with normal-fault type mechanism, occur
outside the trench axis. In the deeper part, intra-plate earthquakes near the upper surface of the
slab forms the Wadati-Benioff zone, which sometimes forms double structure. In the overriding
plate, intra-plate earthquakes occur mostly within the upper crust. These are all intra-plate
earthquakes as shown by solid circles. Between the subducting and overriding plates, inter-plate
earthquakes as shown by open squares occur with thrust-type mechanism. These inter-plate
earthquakes are limited in the region shown by an arrow, but largest ones become great (M>

8) earthquakes.
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Fig. 3-12 Schematic view of several kinds of earthquakes around the Kanto region, where the Pacific plate
(PAC) subducts from east and the Philippine Sea plate (PHS) subducts from southwest. Within
these plates, intra-plate earthquakes (shown by solid circles) occur, and three kinds of inter
-plate earthquakes (shown by open rectangles) occur between the plates. The maximum size of
inter-plate earthquakes between the Pacific plate and Kanto is about M~7, and that for between
the subducted Pacific and Philippine Sea plates (at a depth of 70~80km) is about M~6. Great
earthquakes (M~8) occur between the Philippine Sea plate and Kanto region.
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Fig. 3-13 Seismicity of the Kanto region. Small circles indicate the epicenters of shallow earthquakes
located by the National Research Institute for Earth Science and Disaster Prevention (NIED) .
Approximately 4600 events that occurred between 1980 and 1995, during night time (between 19
and 7 o’clock) in order to avoid artificial sources such as quarry blasts, with M=2 and depth =
10km are plotted. The contours indicate the estimated depth of the subducting plates by Ishida
(1992) . The dashed curves are for the Pacific plate and the solid curves are for the Philippihe Sea
plate. The source areas of great inter-plate earthquakes between the Philippine Sea plate and

Kanto regionare shown by ellipses.
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Cascade Model Nucleation Zone Model
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A LR R, COETFACEL b, EABBEOREROAE SF10kmBETHY, Z0iF
EOBRMRYEERN 2T 2tk o T, ERMBOERTHET 2 2 L STRETH 3,

Fig. 3-14 Two models on nucleation process of earthquakes (Fukao and Shibazaki, 1995). (left) Cascade

model in which large and small earthquakes nucleate in a similar way, and those which success-
fully grow up to higher level become large earthquakes. Prediction of large earthquakes is
intrinsically difficult according to this model. (right) Nucleation zone model. A nucleation zone,
whose size is proportional to the eventual size of earthquake, is formed first, then slow rupture
within the nucleation zone is followed by rapid rupture propagation. According to this model, the
size of nucleation zone for great earthquakes is about 10km, and dense geophysical observations

around the nucleation zone may allow us to detect precursory phenomana.
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Fig. 3-15 Schematic section of the hydrogeology in subduction zone.
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Two-way
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R
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A 2aRetEnH 5.

Fig. 3-16 Cartoon of the hydrogeology in subduction zones (depth less than several tens 100km) from

Nakashima and Toriumi (1996) . Aqueous fluid released at the shaded zone migrates upwards
(one-way flow). When the migrating fluid arrives at the depth D (several to several tens of
kilometers) , the fluid is incorporated into the convection cells of the meteoritic water (two-way
flow) . At the spot R, fluid is consumed by retrograde metamorphism. Migrating fluid may

encounter an aquitard (shown by an arc),

aquitard.
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Fig. 3-17 Seismic section showing a lower-crustal seismic reflection in Japan. From Yokokura et al.
(1994) . IWT (Mt. Iwate); CHS (Mt. Chausu); YKY (Mt. Yake); MRY (Mt. Moriyoshi). A
strong seismic reflection between two arrows is probably the boundary of the overlying aquitard
and underlying fluid-saturated porous aquifer.
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#3-18  HUBERRC B8 1) AR A K BB OME, Nur and Walder (1990) 2k %, BABIZIZS Eh/-F
FEKRBOETIZASERL TV, @) ERLIKOMEBAESTIEL 2o DT, TEKEIHEHE
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B E NG,

Fig. 3-18 Cartoon of episodic fluid migration by hydrofracturing. From Nur and Walder (1990). Fluid
accumulates below an aquitard. (a): Owing to the high pore fluid pressure in the aquifer, the fluid
penetrates into the overlying aquitard by hydrofracturing (shown by an arrow). The fluid
escapes into the shallower level through the crack. (b): After the fluid escape, the pore pressure
at the aquifer decreases (lightly shaded region) . The crack is sealedby the mineral precipitation

from the over-saturated fluid before long.
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