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Many researchers have studied the thermal state of the crust and the upper mantle and
its tectonic implications in Hokkaido, Japan. Terrestrial heat flow data have revealed the
following characteristic features: (1) High heat flow (84—125 mW/m?2) is observed in the
backarc side of the volcanic front, while low heat flow (< 42 mW/m?) is observed in the forearc
side, showing the typical thermal aspects of the island arc. (2) The central axis zone of
Hokkaido (the Kamuikotan and Hidaka metamorphic belts) shows relatively low heat flow
(42—80 mW/m?). The low heat flow zone extends for Sakhalin. (3) Extremely low (25—34
mW/m? and high (125 — 210 mW/m? heat flow is distributed locally on the
Ishikari-Tomakomai low land and its neighbor on the west, respectively.

Based on the heat flow data and other geophysical data, such as the seismic velocity
structure, aeromagnetic data, and so on, the Curie point depth, the solidus temperature
depth, temperature at the Moho, and the mantle heat flow have been estimated. The
estimated thermal structure implies the temperature of the lower crust comes to the solidus
temperature beneath the backarc side of Hokkaido. The result is well supported by the
electrical resistivity soundings: the low resistive layer (10~40 ohm-m) develops in the lower
crust and is ascribed to the effect of partial melting of the crustal rocks.
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JEHEENZ I 1T B BV AIRF eI XA E K IR B2 R OWENRE L L L L2% < OlRR
fFgE (B Z 1%, $8E, 1951; 1952) Rk il, HEMROMZE (F 21X, 125, 1992; Matsushima, 2003)
NHDH. —J, T =y 7 RBUENS OISR Horal (1963)% & » TR LT 25, BNEOAR
R 72 HIER BV RO FEIT 1950 ARAREL 200 & BUR KR P IR ZE T & Pl & L TR BT s,
Horai #f#i3Cld Uyeda et al. (1958) % HHiF M & L= #HOAIEDO—B & LT, db#FED 6 & THIE
ENTHBRBREEREZR LI LD TH D, IKOAHEE O FEM A 2GR B4 2 RELT 51213 72
FTELWHRETH D2, Z O CloALEE R V5 L 0L 2 MR & T d L ATRErE D e
ENTEY, BRENKEELZUHEOFERELRY LTW5D.

1970 FEARUCA - TZ OB 2 S B IR S 7200, JbiE K ER Y B/ L
WREOLFEZFLE LI Th 5 (LIRS, 1970; (LK - #5, 1971; Ehara, 1971). 5
1% Horai (1963)I2 £ % 6 Ui % 24 ROMEZ FEMi L, Yasui et al. (1967; 1968)i2 L 5 J&i0¥F
WOT—%HEHT, Fig. 1 O L5 ICHEEWEEE 2> /3L LTz (LE - #81U, 19715 Ehara,
1971). FDHEBIZEL DT —FREFENT=) (Nagao and Uyeda, 1989; Yamano, 1995;
Tanaka et al., 2004; A4, 2005), KJEH)7Z2HIZEGR &0 OFFICE D Y 172 (Fig. 2).
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Fig. 1. Distribution of the terrestrial heat flow in and around Hokkaido, Japan (Modified from Ehara and
Yokoyama, 1971). Unit: Heat Flow Unit (41.8 mW/m?. C.A.Z. means the central axis zone of Hokkaido.
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Fig. 2. Distribution of the terrestrial heat flow in and around Hokkaido, Japan (Nagao and Uyeda, 1983) .
VF: volcanic front, AF: aseismic front, T trench axis.

JEHEE PG MR 2 B S 2 R & Wb A BUE B AR L, 7230 T RIS E
LTW5. —RICEINT I T 5 B &, 2 5 kI 7 v o b ~ps i TIERVWMEZ R L (50
mW/m2 LLF), K7 ey M L TEiMIloE W E (100 mW/m2 FREELLE) (ofi<.
ZD XD IR EG RS E D &I, T ORESMEZHE L72H O Fig. 3 TH 5 (Hasebe et
al., 1970; Fujii and Kurita, 1978). L/ LALEEIZ IS 5 HR B &4 13 b 5 0 LIEHEZ AR
ZR2LTWA. T72bb Fig. 1 BL O Fig. 212A# 5 X512, (1) kihzor b X &I oOrE
FEEIS X OB Tl 84—1256 mW/m2 BB D mERE 4, F 7AiMl TiE 42 mW/m2 2L o
BT REAZ R L TRBY, RO EBIMORMEA L THh2E0Ix, (2) IREMEAcETE
b OFRE RS B A AR 72 £ oduifiE iy (Fig, 1 0 C.AZ) (2~ T, JHII L ITHxHY
WIRBVR &L (42—80 mW/m2) MBfEEL, ¥~U v (Lubimova and Feldman, 1970) ~& %t
WTWND Z L, (3) ARF— 5/ NBUR

HEAT FLOW CsnFu
(Fig. 1 ® L fEl) &Zomks (Fig. 1 o ,
® H ) (222 TR B = L N~ ___ 41
(25"\34 mW/mZ) & *@&b T % % \ﬁ?ﬁ% ) A (Volcanic Front) _Yc:(;l';(ench)

(125—210 mW/m?2) ME{ELTWD Z
EMBTFoND. bbb, —RNRE
Mo (1) 12 (2), (3) TIREHh
TR EE LT E Lo TN D.

— AR (1) I2>WTH 5 &, Fig.
1, Fig. 2® 84 mW/m2 (2 Heat Flow
Unit) Y EofEEIT Vb2 7 ) — X Fig. 3. (Upper) Terrestrial heat flow across a typical
T Hu I L TE Y, B 3 etk island arc. (Lower) Temperature distribution of

B ) the crust and the upper mantle. (Modified from
BRSO K ILEE) 2 Sk LT 5 & Fujii and Kurita, 1978)
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bivd. 2O LD REBGRERO Ei~ v L OIREIZHZIRD K 512 1000CE A TRY, £72
Utsu (197TDIC L » THM I N7 L S ICEIMONO L~ o by A @il 3 5 g O #R0E O3
EPREW (low Q OT, MAWEHL TWD LHEESND.

T P VG 5 0D 1) M B B A B B
W~ MU R SREZET T L LS
LT L, Bz 1200°CIZ 72 DR &K
40km EFHHEREND—F, kit (2) OfF
Gl 150 km FRE F CHBHIAAT, LF
< BVIEDR DTN E W D BRI &
5. LInLeRs, FHEL (1972) 12X
% & ARIE TR B A e £ o Tl o b
H~ v VSRS T B o Hilk & 25
D lowQ THDH. ZDZ Lix, Pl
DOEH~ MLLEIRTHD Z & AR L
THY, HAEMRETETS

LR (1974) X OF BE MRS 5720
W2, UFDOLHIZEL L. Fig. 4D X9
W2, RIS BN E A9 5 51 T O HEE
B B0 A KO HEREIC e > Ty B L
THD &, L& s o2 U X HRE 5
I IFIE T U CHEIMANC 2> TR < 72
B2, —FEIZ 0.5 HFU RERVEZ L
TWa. 3 7b bl Pl ik 0.5
HFU itk DADRFEHPFLET D Z &I
5. ZORDORFGVBFERAEOa L NT
AMIEY b SNTEEL TET IV
HEAITH &, 1100 km (FPlhEr o &1F
E—80, JEE 20 km FLE O B % £
B, FHEERE 20 km CHUAHIZ T LT
TV D &9 efAfEe T Vi~ > hv
I BB RIS A L, JEE &
T 1.15 X 106 W/m3FEEIRWFREEE LT
WAHZEREREND. T B~
v MVERERCT DA I ARAYIZ 0.46 X
106 W/m? BREOHEARZZ O L Bbh T
WD DT, ZOFERERITE T VEEANIC
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Fig. 4. Heat flow profile across the Hokkaido island

from Japan trench (Modified from Ehara, 1974).
Vertical axis : Heat Flow Unit (41.8 mW/m?),

Horizontal axis : km.
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Fig. 5. Schematic temperature models. Dots:

temperature distribution beneath the central
axis region of Hokkaido. Hollow circles: the
temperature distribution beneath the standard
high heat flow region. Hollow triangles: the
temperature distribution beneath the low heat
flow region. Although the scale is arbitrary,
horizontal axis is assumed roughly to cover from
the ground surface to 150 km depth or so.
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0.69 X 106 Wim? FRED~ A T AOBIR (THRDLLRER) BEETDH I LERRT L5 LI
7%, Fibb, ALEETEE O B~ o b S 22 BEEE OB A & R BT
FLTL DM, v hulg BEB & TEBHIERN CRE 5 WEBVK S O 7o 12, H3R TITEEGE R B
SNDOELMERT L, KHBBE TH Y O L~ MR lowQ THDH VS, —HF
JE LB SN D . 2O X D RRBYWERN E D X 2 REREZFFODNIE-E D LR

B 2 AT RAE R DR TR D DK & 2 WBVYER 2 EX3BEMICE T b b Bz, Uyeda
and Horai, 1964). Fig. 5 1XZ D XL 5 A HXMICER LIz b DT, ARBIVO=EME, 4
M o B EdEk s L OV Bl TR SN D IRE S AR LT 5. deifiE Fdlds <,

B~ MREEO~ > MV ERBRRIBE TH Y 2035, X0 &S TIERESILE DT DI 2
WIRERTAEZY, RELTEBRO LI RIBESMITRDL I EE2RLTWD, EHGEE
F = AR HTEERF 2212 L ALiE (Nishida, 1982), ki e e i 13 sk i & CIRIIEHT T
L0k L, HEHEBITEHEIITH Y, HE SN D IREMEEEBEEER L.

YL g —@#EOILR O E HI R T2 b D TH DA, BT Tid~ v o Q f& 1 O AR R AT
PECHIE ) AR M e EORFSEAED HNTNEOT (Bl 2 (T AbE ISV TIE, /il - 8,
2001), Fn 6 LIRERMEL L0 FHMICBERDT Ems I n .

(3) OFEHIZOWTIR (1974) 1TETAGEND, H SEROMIRIC & OB I, —#kH
Ml O JmEGR B, 4B 100 HHRELUNO v 7~ O KRB B AIFEHIZ X 2 BYR &1 1N S
NEZ LD EHEELTWVD. IR LADE 2SS, ZO@EER & BARICH O < K RIEEIAS
AL TND DT TRV, —F, —BICHERE OBYRER T LS & TRV T, L fElk
DRSAR B RE, AR — /NS 2R3 2 HERDS OIRBMRE Ol Tob &7
BN HERE B CIR T S U IZ T 7o 7 DI U R SR L TV 5.

ZHUTH L, B (1972) REA (1977) 13, L#EkE HEES 22 L T0nbEEL, L
IR A K OF TR, H IR A it ik & 35 A — i INBAR R O HERE R N O BUKTE SR THERR T &
LZEERLTVD. ZHUTOWTTIR (1974) 1%, HEREEOREEL (1:40) 2522 L2
FRIEE ZACS W E KGR LTV D, EROBMRE 2 (UE L 72 ITIR OfEIR & KGR 0 2 CHH BT
BT — 2 2T 25K, R OMEEfRIRT H121E, I FKFBNCAE 5 IRES O LN L O
ETHHNEERMICEED DT b0, vIal—ra R EETIRE, Alf—
TN ORISR (MERRAE) AMAGAATE L OTRITIIZZR LRV O TRIBEIEN R 0 E
MThHo.

1. ¥a)—REFE

SEREEMERDS SR e o TREMEZ RV, WEMICR2IREEZ 2 ) —m v, BHAaH0ERLD
SRIETESEM T DT & U REERIE 7R K TIEK 580 CLA T Th 5. —MICHIEZMNIREITRS L & b
FHTHOT, HOHRESICEGETDH EMFETF 2 U — IS LM EZ KD . 22T (T oEF]
Inn) HERE AR OES THEEIL, BEREE DD AT SVIENT D BIREMER D e
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ExrxRDDIZON, 2l —RmEEMIITHD
(Spector and Grant, 1970; Okubo et al., 1985
REBOPDIETFEDRESNLTNDH, FEAK
MNCIBEELL T D).

Okubo et al. (1989)1%, Hi— /¥ —ABHIE
Bt (NEDO) 12 & % 42 [EHFIEL 0 AT 22 fd G B
Rab Ll LTha ) —mRERIT, 209
HAEE & O EG) ) L7 b 023 Fig. 6 T
b5, KEMIZIKLZ 2> b GREMI O
FEAD OF = Y —mPREIEL 10km LLE LTS, &
VRISV D, — R BIloREREE D Fig. 6. Distribution of the Curie temperature

AR LTS, EIRERIIC O S L depth in and around Hokkaido, Japan
(Modified from Okubo et al., 1989).
S O A B C b % 2 U — SRS R Unit: k.

R KD BN TBY, WEITFE L. R
RS ALRE S O — X, vy 7 — MO Vi~ E OESIER TMeRRINET — 2 M5
LERTELT, F=2l —REESMEIRE > TN

IS DFEREMRERT 512572 > T Okubo et al. (198IF LN DRIESANH D Z & AL
TWa., —2ldi, 3ITHDL LD, BIVHERTIET L— FOILAHARIT &b 7e o THIRE
A, K7 v > M2 BHEEIC R > TRIRICHE BHiATe (500°C O A X 20km F2HEE 5 50 km
U EDOTESICHEBIATe) LHEESNTWDDIZH L, T2 TROLN-F 2 U —SIREIL W
WELS R TWBZ ERETF NS, —olCiE, F2 U —SUKREL LT RELZEL TV
OMEWVWIETHD. —2>HDOEEEIZ OV T Okubo et al. (1989) 1%, f#MTr EF— % DZE/INY
IR ZAT o T2 T2 OIS FA T b O T, BMUOEEEO X 2 U — R EIT S 5 0 LN
EFEIRL TS, ZOBIZONWT, FE /IR 8L FRIITIEITZ L OERERENZEF =
V—mMET 952800, AAORERSICL) X2 U —RENRRDDOT, BKEFMRIT)
DHESNToF 2 U —mUREOIRE L LV IE L H#ET HI121E, ORI Mz E O Rl E R K
YL 22s. FIAOOBRMLHBRITY = ) —sUSET DATORED HRIL OB B hE D Z & 72
EaBEZEDEDE, —MRENTIEF = U — SREMHT D 515 5 112 FRE O HilR 13K 400—500°C
LB Z B TS, Okubo et al. (1989)IFAHE SN DM A &5 2 C, dLifEiE % &bl
HARDEE, HIMAT 450°CREE, AIMICREAE THIRWV D 300 CREEZR L TV D LHEE
L, ZOZENEHMIDOF 2 U —mREN L RELONFEROUE S LEZTND
BERIERE R D HUT ORSHEE A HEET 256, —MRANICHALE O LmEREHEE &~ T
TR OHEE L2 0 REEMEEZES OT, Fa U —mEEMRIHEROMRICBVLTIE, 2o
ROBELRTNE 2670 E2fFE L TEL.
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2. YVYFRBEESH
IR EDORS TEHEAVBETHTRE (YU XRERE) ITELTWLIONEMLI &1L, 7
J h=J A% LD ETHRODTRYTHS. WHIEREERICEY, S0y ) FREETF Ok
FREAL, £, H20 R CO2 DR EIC L o TERR D ZEDBHMBNTWDA, LEHZAERME T
HOEREEAA DY ) X RRMEE, EE 10 km BUET 600—700°CRETHD L ENTWVWD
(Robertson and Wyllie, 1971). % 7= NSk E T & 5 4 BE /KIS A Eaf 22 BE i A ©
13 900 CRRE L S T2 (88, 1995). #ik4 2 & 512, AL rg E =oAL HGH 0> & A ik
1% 1000CHEB X T D ATREMEA H 0 (X
9), D —HBETH L TWD Z Lix
+nEZLND.

KALE (1998) 13F T, ALiEE L H T
FVRFR A AT (B e 8 ST SR )
(1995) 23 3RDIZIEHITZ < OHIRE 2B
WEs—% (Fig. 7) =, Zhao et al.
199D L B EAmB L= T v Rifg
WERE %2 b L ITBRE R L if X,
MU PR HE Sy A A M L7, — i Mk @ 1o
NOEA D TERRIBIZ 22 D &S sy 5 m O 190
TEAERIDNE o TIN5 L, Ha0 A

Fig. 7. Ground temperature gradient in Hokkaido,

X COz DRV LV RfTbILD L Bbh Japan ( Modified from Geological Survey of
5. DL SR, THOBRTHRRE Hokkaido, 1995). Unit: “C/100 m.

ERE LI TUTTR - 7741
YORDBESHRR LR, YU FXRIR
PEVCET DURBE A % 3R D DI B g
KR FRRERET D LI L
VY, ZFZTRAR (1998) i fifEIC, (B
fE oY ) 2EE % 10km ¥R T 650C,
T HEBHEE T & D A DI AK IS A BN
RBEANLVVE D Y U X AR A E R T
900°C, =MDV U F AEFEITHERAY
LT DL L, 512 10km LIE T
650 CTC—E L L=, £LTRITH~T
HERNTREE /3 LA ST, YUK
AREICET SRESMERDTD Temperature of the crust is below the solidus

(Fig. 8). temperature in the blank region (Modified from
ALHEE P VG 335 & LB o I © Okubo, 1998).

50 100
km

Fig. 8. Depth to the solidus temperature. Unit: km.
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TEHGEN T Y U # ARECE L, HOEREAFET 2. FFI2 10°C/100 m LA Lo iR 2)Ed 2 =
Fkl, HEEAMH TIE, R 10km At CY U X RIREICET 5. £< OA, HIRHIEN 2 X
2 OITIRRCHIEN RIAE N 2 R UL <, 18 1 SOMIBARD & OREE 2R E
PEERES TWDOHEIRAEE LY. Lo L7edS ARSI & hu 72 R A EL O W) 5 B XAk
AR R L OHLHEICRB W CHRHSE WO T, £ 2 TR Y U X RREICET HHEERED
BRI BN E B s, IWEERTICRBIT A~ b7 v 7Bl G, Kil7mr
k& VIO FEHZIE 1040 Qm OKHIEHI Th 5 EHEE ST % (Satoh et al., 2001).
JRIR & LT, s LMo TEREZ b TEY, 22 TRy bniz Y U & RIRES
RO THEAMER L.

—J7, ATMICIXIE & A EHGENTIZ Y U & RRFEEICE LRV, Fig. 8 Tlda & —235|
PITWRY. E-EIVAITE, IRHESEGE BN O E HEC H @ ar O K 21T Y U # A REIT
FELARV.

3. EAREmBES

FEIR (1984) I1XEH (1979) 1KY v 3 L ST RN B A<, HERERE, =T o R
M, EARMREOWRENA, —MRIZEbNDEA ORI R 5 % CER VYR E TFE% ff
&, ARBLOZOEUBOERERENMEFHE L. T0 55, LiEEHSEZTIH LD
DA Fig. 9 ThD. RO Z &7y & AL iE R v HR0-b B 0 i Bt Bk o> & A iR 13 <
1000CEM R D& 72> TV 5.

ZOREIZB VT, EARMEERE Yoshii (1972)
DB OB RE IS E SN THEE L
EbOERALCND. £loar Ty RERED,
REROFIKID B B SRERIBREIC S & Dz
HEMEE DTS, BORMEMEN L BET S
TEREEEOBES (2T v REGRE) i
TOREHEICRICRE S EET L0 T, Mgkt
TR R BR 0 A O R EPE I, IREEIC LT
100°CLL LA LS O Te 24578\, 51H
TEOLEIEEDREZANTBMLERNHA .

Z O%RACHRE I D M & T — 7 5d s
H (1979) 128V v AV ENTE XY 2
DIz T o (Fig. 2). EREERE S, £V IEM
IR BATETERY, B (1984) THWH
ToREE L 1T R > TV D (1213, Zhao et al.,, S

Fig. 9. Distribution of temperature at the
1992 ; Miyamachi et al., 1994). 7 H#li = Moho (Fujiwara, 1984) Unit: C. Contour
Z v FHEEE S, Zhao et al. (1992) (2 &L v dkg interval: 200°C.
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EHR I CHICHEE SLTWD. L, HEHE I JOVEOMHEIC S HURM Lo iEdHC &
% B ARHIEMATRS (Mural et al., 2003), Ak HPiliHs 2 12T HVE (280 2 IR C O IR HLE B AR AT
(Iwasaki et al., 2004)7¢ ¥ OFEMZ2F5E1E, FOHBREEE N R VB THHZ 2R LTEY,
a7y REAPARICRAE Shiz L iEm 0D, o TR 7 L — FIE RO R S h
FoAbifEE R 72 & T, 2L B LRBMEERRE LIz Ty Nl & W ) BEERSL LV o
AhEeV. S BICHIEEILE AR OFIKI A & ARE AL F L OGS o S AET 23143 T
. BREND DR EMRL, ERERESMOFNELITI ZLITMO TERENZ L LE
bihb.

VI. YUNLVERGRE

HIR OBAOREE L, HUBS PN DN B T O A
FUCRELIKGFET D0, BHREEZBL T2 b
DD HIFCRIVAD B b EE ChH DH. ZD~
VBN ERT,  HUSENGR R & M N O FE BV 2
ZLBIKZEIZL kOO EN, EREHLI Y
T v RHERE & OB, BB O st
TR CORIEL O AL, BREIR
(1984) 1%, ZNHDRAEZEZERLRBE L~k
VAT R A HEE L, Fig. 10 O & 9 725582 48H L
TWod., ZhERDE, BlZIEmE SRR,
A AR ko~ v MR RIXIZIEE R &
KESTWD. AR LS ITIER (1974) 1%, dk
WEE 8T ORI R~ v bV BE D
TEBHIRIZ 2> T & 2> DR BN S 2B L 7=k
RBEULELOEMBIRL TWADIIRL, BEITE Fig. 10. Distribution of the mantle heat flow
DY D IREITE LTV, 2 kLB (Fujiwara, 1984). Unit: Heat Flow Unit
(41.8 mW/m?).
BT %G, ZOXIBRETIVOENEHRL
TITHONERD .

V. #E W

JEHEE IS D MG R BAr 1%, (1) BIMAE 42 mW/m?2 DL F ORERRE TH 5 DITxt L,
HIMANY 84 mW/m? M Lo @B E4 R L, RN EITOREER L TWD0Icnz, (2)
(FIE PRI AT & R AbiiiE TPl 2 in o CEPA &R B ARBGR AR (42~80 mW/m?) 73
TFAEL, Y o~ TnD I E, (3) AFFE/NURHIA & 2 OVEEICE N E D TR
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WEVER (25~34mW/m2) &R CRWEWTEE (125~210 mW/m2) 23F7E L T 5 Z & 23R
HTHD. ZhoDORFICIZ, HEREEMS e & O HERY R0 8 A - RBFIE R
AR U722 5, Al o ALHEE R PE R L QLA O T g Y U & R IREEIZE#E L T
W5 LR bD . HERERRTFRIEI G &, T BT 5MIl o T % , ERE L
HAERMEDFIE 2 e T 2R FUE A R oo TE Y, AR L.

B ARMERICHTZ 0, ACRHEALAFEENE v ¥ —FEEAS  REERIIIREBIEC
ﬁot.ﬁbf%ﬁ%%bi?.it,ﬁﬁ LR OBRRRICHT- Y, FEHEO—A (FBH) 3%
PR D 40 DL EICR SRIKO ZEEIZ, ZoHEE Y TEREWZ L ET.

X ik

Ehara, S., 1971. Terrestrial heat flow in Hokkaido, Japan — Preliminary report -, JJ. Fac. Sci., Hokkaido
Univ,, Ser. VII, 3, 443-460.

TLIRSERE, 1974, HIEREGR ) b B 7o ALl OV O FED Oz, B~ v MLV OGRS, AbifEE Ko
ERYESENESE Y, 31, 33-48.

TLIRsERE - Al SR, 1971 dLiEEIC BT 2 B & OWE (2o 2), dbiEE KRB AR S,
26, 67-84.

TLIFSERE - EEEAR - BUL SR, 1970, JLIEEICES T D HEEREOWIE (Z0 1), s K HER Y B
s, 24, 125-139

Fujii, N. and K. Kurita, 1978. Seismic activity and pore pressures across island arcs of Japan, J. Phys.
FEarth, 26, S437-S446 (Suppl.).

FRIZ, 1984, HASIE R K OVEIRICE ) 2 ERmRA DM, AARMEVEREE, 6, 183-202.

WEFEE, 1951, 1 m EOHAIRESAR X0 IR EEO ATREMICEEV T (55 1), JLiEE K- HhER Y BRE A
Jemd, 1,21-34.

BEFIA, 1952. = aBBRRITHN T, AEEIR ARG LA M, 2, 23-30.

Hasebe, K., N. Fujii and S. Uyeda, 1970. Thermal processes under island arcs, Zectonophysics, 10,
335-355.

JLiEE IR, 1995. 6 0 Ay @ 1 LHEE R AR, Ak i T S IR AT

Lubimova, E. A. and I. S. Feldman, 1970. Heat flow, temperature, and electrical conductivity of the crust
and upper mantle in the U. S. S. R., Tectonophysics., 10, 245-281.

Horai, K., 1963. Studies of the thermal state of the Earth. The 12th paper: Terrestrial heat flow
measurements in Hokkaido district, Japan, Bull. Earthq. Res. Inst., Univ. Tokyo, 41, 167-184.

Iwasaki, T., K. Adachi, T. Moriya, H. Miyamachi, T. Matsushima, K. Miyashita, T. Takeda, T. Taira, T.
Yamada and K. Ohtake, 2004. Upper and middle crustal deformation of an arc-arc collision across
Hokkaido, Japan, inferred from seismic refraction/wide-angle reflection experiments,
Tectonophysics, 388, 59-73.

ATHER: - 8 5%, 2001, B~ MLORFEHEENRERICE X 28, RS K EHIERY PR AR IR
&, 64,91-113.

AT, 2005, ALMEEHT I35 2 MR BGR Foo A, HAHER 28 TRRE, 2005 KRS, 163.



LEE ISR T D, LR~ ML OB - RE WS 11

A ERE, 1992, TEEHADKLIZIS T 2 EFEROFTE—1977 A LRILMEKIZ & b7 O B fE—, JbihE K71
+5 3, pp. 87, FLI%.

Matsushima, N., 2003. Mathematical simulation of magma-hydrothermal activity associated with the
1977 eruption of Usu volcano, Farth Planets Space, 55, 559-568.

Miyamachi, H., M. Kasahara, S. Suzuki, K. Tanaka and A. Hasegawa, 1994. Seismic velocity structure in
the crust and upper mantle beneath northern Japan, J. Phys. Farth, 42, 269-301.

Murai, Y., S. Akiyama, K. Katsumata, T. Takanami, T. Yamashina, T. Watanabe, I. Cho, M. Tanaka, A.
Kuwano, N. Wada, H. Shimamura, I. Furuya, D. Zhao and R. Sanda, 2003. Delamination structure
imaged in the source area of the 1982 Urakawa-oki earthquake, Geophys. Res. Lett., 30, 43-1-4.

Nagao, T. and S. Uyeda, 1989. Heat flow measurements in the northern part of Honshu, northeast Japan
using shallow holes, Tectonophysics, 164, 301-314.

Nishida, Y., 1982. Conductivity structure in and around Hokkaido, Japan as revealed by the period
dependence of the CA transfer functions, J. Geomag. Geoelectr., 34, 453-465.

Okubo, Y., H. Tsu and K. Ogawa, 1989. Estimation of Curie point temperature and geothermal structure
of island arcs of Japan, Tectonophysics, 159, 279-290.

Okubo, Y., R. J. Graf, R. O. Hansen, K. Ogawa and H. Tsu, 1985. Curie point depths of the Island of
Kyushu and surounding areas, Japan, Geophysics, 53, 481-194.

KARIEFR, 1998. HERNIREREEMRNT, MBEEE NV KT v —FikR— WHEBEESSR), 586-588.

Robertson, J. K. and P. J. Wyllie, 1971. Rock-water system, with special reference to the water-deficient
region, Amer. J. Sci., 271, 252-277.

Ve RIS, 1977, KIRSIAR > D MU T /K IREN & HEE 3 5 HEFLIREEJEA OH T KIZ DUV T, KIROIFSE, 21, 2-14.

Satoh, H., Y. Nishida, Y. Ogawa, M. Takada and M. Uyeshima, 2001. Crust and upper mantle resistivity
structure in the southwestern end of the Kuril Arc as revealed by the joint analysis of conventional
MT and network MT data, Farth Planets Space, 53, 829-842.

Spector, A. and F. S. Grant, 1970. Statistical models for interpreting aeromagnetic data, Geophysics, 35,
293-302.

Tanaka, A., M. Yamano, Y. Yano and M. Sasada, 2004. Geothermal gradient and heat flow data in and
around Japan (I): Appraisal of heat flow from geothermal gradient data, Earth Planets Space, 56,
1191-1194.

&4, 1995 ILASARAE D~ Ut Aaw v MV A R 7 AT T, BOUR T HRSS, pp.186.

Utsu, T., 1971. Seismological evidence for anomalous structure of island arcs with special reference to the
Japanese region, Rev. Geophys. Space Phys., 9, 839-890.

FHAEIG - AR - WkFelt, 1972, TESIE, B GHEEHE), 42, 231-241.

Uyeda, S. and K. Horai, 1964. Terrestrial heat flow in Japan, J. Geophys. Res., 69, 2121-2141.

Uyeda, S., T. Yukutake and I. Tanaoka, 1958. Studies of the thermal state of the Earth. The first paper:
Preliminary report of the terrestrial heat flow in Japan, Bull. Earthq. Res. Inst, Univ. Tokyo, 36, 251-273.

Yamano, M., 1995. Recent heat flow studies in and around Japan, in Zerrestrial Heat Flow and
Geothermal Energy in Asia (ed. by Gupta, M. L. and M. Yamano), 173-201, A. A. Balkema,
Rotterdam.

Yasui, M., T. Kishii and K. Sudo, 1967. Terrestrial heat flow in the Okhotsk Sea, 1, Oceanogr. Mag., 19,
87-94.

Yasui, M., T. Kishii, S. Uyeda and T. Watanabe, 1968. Heat flow in the Japan Sea, in The Crust and
Upper mantle of the Pacific Area (ed. by Knopff, L. et al.), Geophys. Monograph, A.G.U., 12, 3-16.

Yoshii, T., 1972. Terrestrial heat flow and features of the upper mantle beneath the Pacific and the Sea of
Japan, J. Phys. Farth, 20, 271-285.



12 P R EBA RE

EHEOE, 1979, AASEBAHEOMERHILOT — & 2231 (1), BKHERFRATH®R, 57, 75-117.

BIRE=, 1972, HEEGREIC R JITTHUKCROE, AAKLYR 1972 FERFRSHEHEES, kiU, &
248, 17, 119.

Zhao, D., S. Horiuchi and A. Hasegawa, 1992. Seismic velocity structure of the crust beneath the Japan
Islands, 7ectonophysics., 212, 289-301.



