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Abstract

From results of deep seismic profiling conducted by RGES (Research group for explosion
seismology) in the past decade, we found intermediate crustal layers with P-wave velocity of 6.3-6.4
km/s, between upper and lower crustal layers. The intermediate layers (ICL) lie just beneath the
volcanic front of Hokkaido, Tohoku, and Northern Kanto. The record sections of the wide-angle
reflections show that the ICL seems to have a reflective structure, but reflectivity is not as strong as
that of the lower crust. The temperature of the upper surface of the ICL was estimated from
geothermal gradient data compiled by Japan Geological Survey of Japan. We found that the
temperature of the upper surface of the ICL is about 500°C, which is almost the same as that of the
lower crust. The intermediate layer was not found beneath non-volcanic western Honshu. We
interpreted this to mean that the intermediate layer is composed of transient materials in which
mafic materials change into felsic materials due to magma and hydrothermal processes. By
discovering ICL, more substantial problems related to the formation and the development of the
island arc crust may be suggested.
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1. [FU®HIC

Bl 7z &4 RRERS D HIBAEE 3@ F P B3RS 5.8
-6.2km/s @ LI & 6.6-6.8 km/s O FERHIFR ICH >
N, &R BHERE 2R 0. EEOIFEIEEIIL
W=7 (RGES) T & 3 HAFIBIC B 2 G HEE
DERTIE, BBLLIDL S >DOEIERSIER
R o THIEAE 2> TV B T &b > TET,
1989 4> 5 RGES 13, VIAT& 0 flfR%IERE L TTHH
e € R ED» S OEMOH L S & T 2 ERICHEEE
WL, 2R, IXRTORBOERMNZ S Tl
o feds, RESHIRR & T ARG D BRI DGR A )
El#, #hooERcLBonIHER#EGEZ IR
% &, IR & T ESHER O R P s EE S 6.2-6.4
km/s TH -C, _EHHIEE & TERHER O hfEOERE % FF
DRENEELTWS I EDBEL M-/, KipTRT
D it & k8. HEkthgoFEd L -
HETHEA SN, EENSENCEET 2HRETH L5
EtkDids 5 L ZEZ CTHEEIT- 7. 727°L, TITRL
PR R S 9 TR ERR I & D A IS T B
ks X O TE E RS N Tw B LEEZL SN 5.

£ ¥ TIC 64km/s FEE D P s & > thiffy 12 &
B Ro0sihsicbdTldiswy, FEESA ) 7 4
W= TINTBLIFT D 5 2 OFEESI S hTwiz (B
&, Allan and Mooney, 1982; Healy and Peake, 1975;
Godfrey et al, 2000). % i3 FifHinkaEnkd 5 fEiE
HEOY'E (felsic material) & FERHIFR K4 228
A OME (mafic material) ORSEM SRR, &
WEIHERICERARE > EEX 51 TWwW3 (Godfrey et
al., 2000).

2. WEOEELAE

Hk g O MBI E 2 KT A EIIE S L TEX
ShaTAE, 1HES, IREGEE, IHEES, VE
ED 4288 5h 5, —RICENbED CRERGET
E BRI B 1 2 MEtER s O KT b 3 HIRTERE)
DIFELE, TERHIAERPIERIC 3B 5 KA s e, o ki
OFEBEHWIMOENTWS, LUihi-> CTHEERRES £
MNEE L TTERSDEDM, FERHBATE LT
TELODRDP, HAVEREHILLER O ER
B0 D 4 > OISR IZEETH 5.
RGES I & » TITh N T E L ERER ot & Hig
FIRVELERAE Sh, FHEE OIS € 7 vaig
Sh7cHHficoVT, s RE S hictEkhREg o

AL B & O R EEEEH O R RHE O 7s & O
AT, HIBEEIC VLTI, [EFPRFEOR-D
HIFE BRI X - CER S W RIS BFR O EL S
HIEREBOES 2 H-N, HERrhRE s =R A Eh
ES I EHEE L, HBANEOREIC>WT}, HWEH
BRI T VA VL e HAROGTAIE AR E R 2 > T
HiF PR B L DIRE S A HEE L 7.

eI 1, 1990 FFAREAENRKE (Iwasaki et al,
1994), 1992 FFEABIFIBIRIER (Ozel et al., 1996; Iwasaki
et al.., 1998), 1993 FETIBRLENIAR (Ozel et al, 1999),
BE U 1997 ERLEWAKE [Research Group for 1997
Northern Honshu Transect (RG 1977), 2000] TE&E &
nizEpIc R S N, 1995 £ FUHEPEAIEE (Oh-
mura et al.,, 2000) TREENEEHORED I, Fi
1994 4E & 1996 SFEDFUMNEEBDREKE (Zpkith, 1998; HR
fil 1999), # & U8 1991 FE O i LI EIR BT
GEFHt, 1996) T I3 FERHER OERMBT-5315 5 h 'k
SRITIZTES - Fo. 1989 EBERE_LERAIE T3, HbRR
EFNPIZONTVE N, HEETEEIEES 5 Afekk
BIEE TP (Otsuka et al., 2000).

HIFE PR OHEE I VB AR £ & H e 2E O
HRAR T — % (Hifh, 1999) Z{EHL, KAFDE
FNIEEEZEIC LT (RAR 1999; 1L - B,
1999), HURMITR DRI & 2 REE R CERERIZ
RS T 154 W, 25 W/mK, 8 X O FERHIGE T3 0.15
eW, 20W/mK, EZzhZRE LK. FhtfEEo- s
FA=ZRDODVWTEHTEEROZN S ERIFEEREL
7o Ui LEMEEERICIRRRE S 5 & & ot s
NTBOHILEMED 7 — 4 » SR OEEEHEEST 3 C
ERAREMICEENRE L, B EEEERT 5 < & I1dE
LW (LS, 1999). Lihi-> T 2 TldBiflizs e 7
ERGE U CHIRR RS R B PR o _Lific 81 2 1REE
BEDE S BHEECH BDhERS. REARONITES
HIFR R O/D 75 I T RIEE /D M TR 2
<HUFAITR D BEL V. F ETEHEFEE ORI |
I HHEEBEVIEENES V. COLOHFREERD S
TE2E 3 & T HIE SRR A 519 30 km RIA O JIE
RERCY, BITERROE T OREAGEME L THEE
L, HURRASEWT RICFIEE TR 5 << R & — XIS HE
LB &SIV, WERAERSINE L 2EOHIE
AKX (Hdfh, 1999) cAH TR HIFEETEA ORI
HAEEXIAALZ D Fig. 1 IR L TH 5.
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3. PEER

3-1 dbiEiEH S O R

1992 FEIcTTh N2 EBR 7 — & 2T L, 155 ik
1996) > & D & (Iwasaki et

(1998)

fi& e 7 1z id (Ozelet al,
1998) O LDk 5,
0% 7V 500°C DERIRANMA - H%ERd

al., Z C T4 Iwasakief al.

(Fig. 2).

M ER s E - s F O & 1070 5 20 km 2 6.2-6.35
km/s @ P o 4 o kb @A P ET 5. Fig. 3

g ¥ Toah Rl
R2 X FifaH» o O EHET
L1445 L0 L2 (& FEHbAEA AR o §0 3 15 B T
(Reverbration) /Rl TWA, Rl & R2 Oflicd i
BEEHEEPIEIE N © OBUR N & F A S0 5 45 T
TR ON A EWHETIFZE V. 500°C OFRER E 5
il o s & 2 25 H @ LR T i 2usi#E <

HeElLiRB KR Th 2013, KEFET L — b OLsiAS

i3SI (U OLEE) Ora—Ft7

iR E O Fifis oo,

L

& 5, i TN

5.

— " L, EELIRASHL AL & T-E0 & ol &
L SEE . — LTWa (BlAE#AMb, 1997; Iwasaki et al., 1998) 7=
" Geothermal Gradient [Chm] WTHAHD., KBEILNEROF— & £ L 12 Ozel et
al. (1996) DS € 5 0T & Iwasakiet al, (1998)
Fig. 1. Thermal gradient distribution compiled by U)im!',&f;‘\’”ﬁ-}’: FIEiz LA ER L {.T}:{f‘]{{;J‘LIJ‘-f[i_-}l'|'1ﬂ1"jI{§'jjJs’;.ﬁ,
Gt Srves of Joan (T ol 1903, i 4 <UBOAIN 10 ko BN RAHD SR
refraction observations. e[ Ii|‘UF[E1HL“'<".'/ L f_ RO i ERTd. }E%E?J!}’: T L'Ufl
HHERE, [BITH L OFEFO— ADT - 1 G O
F—y 2EH L TRBNEAHARLL7 7 4L G
1992 Tsubetsu-Monbetsu Profile
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Crustal structure model beneath central Hokkaido by

ICL denotes the intermediate crustal laver.
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Fig. 3. A record section of wide-angle refiection and
refraction recorded in the central Hokkaido

analyzed by Iwasaki et al. (1998). R1 and R2 denote
reflections from the upper and lower boundaries of

7, 1999; Ozel and Moriya, 1999) 7 5#4R L7z, S-34f
I (AEILIRDOERD 2255 & 5 EHGEHREAEN S
W THIEEESNIZEASR SN LS,

JeHEE I i3 LR oflRofthic, TERMERP & R EOH
EPHEE S NI O liR»H - T, Okada etal,
(1974) OHFREG T F D H 5, TOEFIVITITHIFR
A<, B4 10km OFEWL FEHIRE & E &S 20km
EEEOTEHESS 5. 727 LEROMOER T
BRI 13 FIT O BHASEDS 11 & CEFFRE
LIFE) &DvwoT, &L 5 TOHIERDEESS % 01
SITRFEE LTV SAEEMNH 5. Fig. 5ic Okada et
al, (1974) @€ F Wi 500C DHEBEEMA - KER
3. 500°C DEIRAE T FIRIHIER & TERHR & OIER & 2
WieW—Ed 5. ZOHRRMhITE, MRAREIERIC
KR&EL, FRHEATOMEEE X bD TR BIA
i, R, 1999).

3-2 FiL G DAl

Fig. 6 & Fig. TIcAZAANKE (Ml tHohk
Iwasaki et al. (2000) DS € 7 VB X UEAEH
Mg (BHPE) @ RESEARCH GROUP FOR 1997
NORTHERN HONSHU TRANSECT (RGI1977),
(2000) OHEEMEEET )V (BHEb7 vy bIhTWV3)

the intermediate crustal layer, respectively. IZ 500°COEEBEMA K=+ NnFhpnd., BHibHh
Bet R1 R2, k lat flecti + N e . -
b: S\zzrc;n and weak correlated reflections can BRI A M LT\ B, BT, gy
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Fig. 4. Distribution of hypocenters of which epicenters are at both sides of the 10km measurement line in central

Hokkaido. Data on the hypocenters of earthquakes a

re compiled by Moriya (1999).
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Fig. 8. A record section of wide-angle reflection and
refraction recorded in northeastern Honshu,
analyzed by Iwasaki ef al. (1994). L1 and L2 denote
reflections from the upper and lower boundaries of
the intermediate crustal layer, respectively.
Between L1 and L2, weak correlated reflections can
be seen. R1 and R2 denote reflections from the
lower crust. S denotes direct S wave propagating
in the upper crust.

km ICHZE L TWA. RG1977 (2000) & i33azic[E Uil
RO 7 — & AR Ui (1999) @ € 71T &K
U@ itk rhiEsid 5. Fig. 813, AEAEAERD
JmIcRREE W LAEREETH 5. LI BLU L2
EHERREE O _LREB L OTHED 5 ORI TH 5. Ll
& L2 ORI RTEOWREERZED Sh, oot
T O IR 55 O M S WE 2R > TV B T &
bmd, i, Fig 9 3BRURTDOY 2 v b (L4 O
ILER SR TH 5. Rl BLU R 3HREO LS
LUOTH»SDRFETH S, ThoDEITEbTNE
D5 D) 5h 5 DT, AR OHEE PR
BEEICHEZEZR>TWA I ENEZ SN S,

500°C DB DOALE 3 FZE L - HisgiEE o Lmmic
AL, F il FEER o LEicHY 5. L
2L C OFRF AN CRSEEAD icmid » TRISE
K5, ChidtiEEEELREE L & 5 IcKFEES
L— b DIAIAB DI DIER &> TW5S, Fig 7Tic
FAKRIC > TRELHBOER O E»MN TV (RG
1977, 2000). KILE T OEEEHELIA ORIRIE
FRICERLTWT, HRPREBA TR, HEEZEE
AERLRIZW,
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Fig. 9. A record section of wide-angle reflection and
refraction recorded in northern Honshu analyzed by
RG1977 (2000). Rfl and Rf2 denote reflections from
the upper and lower boundaries of the intermediate
crustal layer, respectively. Between Rfl and Rf2,
weak correlated reflections can be seen.

Fig. 10 3BEEHIA LI O FHHRARIFRD Ozel et al.
(1999) @ & F i 500°C OHEHFEE L UBRABHER DO
M7 km IEPRICRE L 2 HBOBEEAMA ZRTH
3. kbR kL7 ey FOBETO S3 o4l (X
D OEFES 14-20km fhiticd b, Rl GEil, X
BEAD ITRR SISV, 500°C ORI REE
o LEfhr (s 12km {10 b b, Ailflcidds
BRFALMA EFI L L 512 20km & 0 bEL 5. IR
ZEUEEIC 3RS NS D HEEH IRV, £
NODOERBFEOFESOTHRIZ 10km FRETH 5 CGRFIRE
HIFETHZET, 1999). L 725 - THIFEP B < I3 IS
BHiFEEALER SN, Fig 11 IZRAROILETOB
BB onkKARBEETH S, PiP L PP IEZN
ZhithkhEo L Th» S ORMETH > T, €
ORI HERPERAE D 5 LB X 5N 5550 IREHER
MBRONB,

3-4 b DRIFR

Fig. 12 (ZBE LR Ok iES € 7 (Otsuka et
al., 2000) i 350°C & 500°C OEE{EMA K TH 5.
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Fig. 10. Crustal structural model beneath northern Kanto, by Ozel et al. (1999), with hypocenters of which epicenters
are at both sides of the 7km measurement line and depth of the 500°C isotherm (bold line).
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Fig. 11. A record section of wide-angle reflection and refraction recorded in northern Kanto, PiP and PiiP denote
reflections from the upper and lower boundaries of the intermediate crustal layer, respectively. Between PiP and

PiiP, weak correlated reflections can be seen.

500°C OEFEE 13 30 km FREEICE THEL LA DT 350°C @
LEBOINA . CoRETRIRPBERR S his
W, DLELETHIELTHHkmOESTHAD. B
135, HEkthRED S ORRRRSEITE S L ORI
HlENTOROWLLTH D, T, HEBARII/NEL,
HEE = N 7R AL 3 AbHEE & B TR 200°C R,
HWEEHOERSOTRIIB L% 20km T (to, 1999) T
Bl - JUBEEHIT L bR 2 EDESTH B, T DI

2 Z OHERD b3 U 7o JUIFR T T ER IR D S IEF ICER
FE RGBS S h e (EBEE v — 7, 1995
; Tto, 1999). T OHIFERME € 7 WV IFIBE P EE 13K
FHEMSBIIS N3 A EDTRBOEE#EEHFY
b ol Wh, HIEEESE IR EVE WD LS 5.

4, HBRTHEEOSHMEEE
PbkoksicBon Aot cidd 505, Mgt
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Fig. 12. Crustal structural model beneath western Honshu, Fujihashi, by OTsukA et al. (2000), with hypocenters for
which epicenters are at both sides of the 10 km measurement line and depth of the 500°C isotherm (bold line).

MIBOFEEL TOWABATICIRIRD & 5 I E#hdH 5. (1)
db#gE & HAb o KTEB OTEF L Blo KL 7 v v MM
T E 2 IZOCHIAIDZES 15-20km 1o b » T, HIEE
Bl ALEy, QHRPEEO LHOEBE I
500°C EHfEEE N, ki v v MfHED SEIENIS A
\F T DRI T IR RS i & SRR L s A AR
CREEI 2 2 A5, FEKILFIE 0BG _ LRI T
(dAbHEE & B R TRE MEL, Tk ki
300°CTEEE T4 5. Klempeler (1987) I3z BIR s <
KD R T AR _E I OIREE % 300-350°C TH % &
FiELAk, BROEIICBWTS B - TR OER
H3 300-350°C T&H B H[GEMAF, 72/2L, </ <iEH)
oW AbiEE & BT EIEKLSER OIS 1< ik L
THI200°C B\, Folt OIAARESEOERIC 13 T LB HIER AR
2 o QRIS RSBl & 1, KBED A 75 63 Bl
ROTHHBRORFNTH 2 Ebh->TEL BIZ
i Iwasaki ef al., 1994; JRHHES) 7 v — 7, 1995; Ito,
1999; RG1977, 2000). HiIFEk R & O R IE
TEBHIER D & DREHED & 5 RS 3150V, %mm@
SEENS Z &b T,

T D & D IcHE R 3 E Rk & © TERHIER ISV
HWHEAER > TWAHD, &0 P EEER I A TR
Nk b S%BIEE/NE V. TEHIE bammwwivu
KRRIEHET BEES h OHEROFEEIC L D LR LIEAIC
2, WESPEIRICE 2N 5 v 7 OFEI & - Tk
HERESMET T2 E8EZL SN, L LiRkdfEE
A7 e Yy P OETTHRELTWS I &, BENTEH
W ERILTHB M5, w7~ - BuKiEENCELE
HBLTWEDTHA D, BABRTY ZHELFHEIE <

7= - BOKIEENIC & - TTESHIEE DS L3RI E A~
EHELTOWRREEATVLEREENH 5. <7 <D
HWHRBECHOSATVWEESKBMoKL7o Y b s
HIR @D - CTHRAGEE < 7 <2 SiEElE < /v ~&
HFANCEL LTV S (Kuno, 1966). Kilizwa v + T
WEENSw=7 =, BAITIEEORE W= 7w
HIFROUWE - BRICBD > TV B EEZSNBEDT, <
7= OFARY - BESPREE OISR E Sl R L

TWADTREWHEEZEZILNS, %0, KNEHE,

REESE < 7 <3 Si0, % VO TR O Ic S
B, BEORZVIEREE Y 7 <3 T oMK
HE5T5LEZ SN A, HERPMEEFICKL7 2 v b
TIRRVWEERATVWADT, I TREEOHBI/NS
W 7RI & o TSR E 2 LSRRI E A~ & e
LTwaEHfEfilansd. AARFISOHBEHEEE RS ¥
SV TR AR R 2 ERIN R SN B, Ikl
EPEE (Fig. 5) TR TFEHHRRSIERICEL REL TS
D BRI ED, hid, — BB < s <0
Eﬁk%“u&k%%éhfbé®ﬂ%thmh —
7, Kz v v b X0 #EATRAIEPREZE L 2 hi
& o TEL EHERZER L, ZOETOEE 300°C
FRETNUTTHS EHEES NS, BilDMERIERE
HEERESmE@E L TRl EFTIME 2 KT 5 2 &ic
koTav s rHBEEELD, FORKARICET
PEEGIHS LI D D0d 5. Fx IHERPREEOF
Hick » ¢, JbifEE & RILOTEEIRY S Bl & PaH 408
Hi1H D IEK LTI B D IS D& VSIS > fo &
EA5, SHROMEELTE, FE)TFIMOLIE
HWET L — NEILOHEIC L > TERES N TELEND
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[ETEEHIREE 12 & > TRO S S N - B RS

e, HABOHGEIC bHERE s WS4
22LTHB FE<)TFNOHEREEE T
(Suyehiro et al., 1996; Takahashi et al., 1998) 2k %
Wik kiize vy FOETOES 12 km I 6.1-65
km/s DEHNH > T, ThnHHFRPERBICHEYST 52
Lz,

5 #& B

LD 10 FRIOHTBERE IC X > TRR S
MRTRE R D & S 1545 A .

I. CCTRUHERREIBIE P EHE D 6.4km/s
R TH D, IR S TEHIARO P HsE o kR
K73 A,

I, dbigid - Ak Ao K7 o v MhRIcHEL
TW3, TS oG LENIR < iRk B A2 R R
TENH» -T2,

M. ZRS AR & TG O/”, 15km 5 25
kmfhr&ZEZL 503,

V. HERHREA T RHIEESI I & A S,

V. KA LN, RERREERERL S i3
TERHIA I SR IS OWHFTFORREASED S B,

VI HiskdfEo EEid s £ % 500C TH » TTFH
HER EHEEHEDED ST,

Plbo & Hic, Mk EEHEE & 0 (3T EHAR
WEVWHEAE > Tw3, ThoDBME5EET 5 &,
K7 v v bE T ORRDREEATTIE < 7 < B
& o> TFEHIFRE HS BRI ~ & W4 2 /EF A
EITLTWAZ L Eh 5.
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