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Tectonochemistry at depths
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This is a review of the researches I have been conducting with my colleagues over the past
50 years. We examined geochemically behaviors of materials in several natural phenomena
such as @ groundwater movement under alluvial plains, @ fault activities, @ crustal move-
ments including earthquakes, @ geological development of the Japanese Islands relating to
plate movement, ® hydrocarbon distribution in the earth mantle, and (6 syntheses of organic
materials by shock waves. For the phenomena @), @), @), I have focused on the behavior of deep
seated fluids such as He, Ar, H,, CO,, and CH.. For @), I paid attention to Ti, Mn, several heavy
metals, and carbonates in particularly siliceous and argillaceous sediments, and REEs in pre-
Cenozoic volcanics. I pointed out the tectonochemical significance of manganese carbonate
bands, manganese micronodules, hydrothermal cherts. For ® and ®, I emphasized that exis-
tence of mantle hydrocarbons and abiological syntheses of organics have strong implication to
astrochemistry and origin of life.

Key words: groundwater flow rate, fault gases, earthquake prediction, siliceous and argil-

laceous sediments, development of the Japanese Islands, mantle hydrocarbons,

shock synthesis of organics
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Fig. 1 (upper) Contour lines of “original” tempera-
ture of ground water at seepage; circled
numbers are measurement sites. (lower)
Variation of “original” temperature in sec-
tion A-B in the upper figure.
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Fig.2 (upper) Two distinct types of petrochemical charac-
teristics for pre-Cenozoic tholeiite (open circles) in
Mikabu zone and alkali basalt (closed circle) in flank
zones. In K vs. Rb relation (B), the left and right en-
circled areas correspond to the divisions of abyssal
tholeiite and oceanic alkali basalt, respectively, after
by Gast (1968). (lower) Diagrammatic illustration of
the Japanese Palaeozoic-Mesozoic era.
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Fig. 3 Relation between proportion of andesite and

compression rate in some regions. The dif-
ferential rate of plate is averaged within
each region. Volcanics with silica content of
between 53% and 65% plotted in published
petrochemical diagrams is assumed to be
the andesite.
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Fig.4 Distribution of MnO/TiO: in surface sediment samples from the Pa-
cific. Depth contours are in thousand of meters.
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Fig.5 Plots of MnO/TiO. ratios against the sedi-
mentation rate of terrigenous materials.
0.05 is minimum ratio. Closed circles, open
circles, open triangles, and closed triangles
represent samples of Plio-Pleistocene, Mio-
cene, Paleogene, and Cretaceous in age, re-
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Fig.6 SiO, vs. ALO; relation at site 438 sediments
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Fig. 7 Distribution of MnO/TiO: (%) in sediments along the Japan
Trench Transect, DSDP Legs 56/57.
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Wb, CORIFIARBEETOFT ¥ YR TNVIZT A
3% Si0.D1TE) (Fig. 6) LU T, MMM
W EH RBUBSEAE L 7o A3 b - T (Fig. 8)
Fr—MEWER L. (2) FOEBHEEIZOWT,
Fi 2R 72 MnO/MiO. kTR % &, F v —  T0.254
+0.196, H% T0.168=0.191TH - T, KFEHEDE
WHHICB 5 ZF01~25 ) —HiZ &KL, HAL
BEOMICILE T %5, TOHIE, Fv— FAFERrH#E <
MENRETTELDIDOTRREVWHEEZRLTVS
(Fig.9)o 0%, WARKEIALEFEEICUNO =5
ZOZFIHDOF ¥ — MO T Rb/Sr, Sm/Nd [
MR R THETER EDOTF— 7 2 HET L, BilEd ke
Wz Ui KRESEAZN S OERRETH A 9 Lk
X TW5 (Shimizu et al., 2000)

—77, BUEOWRMIKICET 2 F v — MIEIHIH» ?
DSDP THMEh7zFr— b ABEH T VL A

S0y (%)

Pl

i i
:ﬂll ns 1.0 L3

TiCk: (%)
Fig.8 SiO; vs. TiO. relation in Kamiaso Triassic

bedded cherts (closed circles) and the shale
partings (open circles).



WEALFRFEICL D77 =7 A3 LT ERER O 51

Ml T 2
(= = Tt
L Shak Favinge
'I | v il S| i Shope
"!"- | Wlamgerml ten
= Wi et | Cigeasdin]
- - '_‘_ ||:u._p|-.-4-ll'-=l
- I
- & I Hmaliz bzl & Mas
{HEa
Al a0 T
i ET) Wi &
- M
. Shake Pamurgs
-F_ Tl vl Skl il Sy
-,r Elarpmna 5o
- Tresam | [ipasaas
.-
= T = | Lo tzam Ficn
. | Husaltic lslew) & Pl
H W1
4 i

Fig. 9 Comparison of TiO. normalized valuses of
marine argillaceous sediments in various
environments and Triassic cherts and shale
partings. The horizontal line indicates + 1g.
G and B represent the averaged values of
granites and basalts respectively.

W, DSDP ®V R— b &GN, HKWEZKEORE L v
FBATTEZ) oAb KT D Leg 32, Site
303L304T, TOFHEZHEEL, 420k % AT,
BT L7ze 2?9 bm304a 7 — 13144332 m TIHAE
ODERAERIELTBY, ZOoLTIRAELELTY
LF v — Mgk, <Y, W, v, EUTF
v, B O&RIZE A, AI/(Al+Fe+Mn) L% Al
O4/TiO.kt 2% & <, 4 Fe,04TiO:, MnO/TiO., Mo/
TiO % EDFWILD 5 W T, THIFRBOXRAI
BIGR L7280k A Bk, AR LbolAhshb,
Nz L 1ZBKMEF ¥ — 1 (hydrothermal chert)
LA 72 (Adachi et al., 1986) . & DRI b HkEL
DIRERIE % A, FICKE RATED D H K- T
T, Mtz E&EE v, 2o ay7 - B
AR, WP L R, BASED D 2 T chert
Tld7% < porcellanite & 29 R R d DITE D - T
W&, BUKOEENEL hoTWwWbh, TNHDOMTIX
HEPICHARDH - HAEFROREN LT ¥ — 1 ThbH
LROLMEDT ¥ — M ERIERPRLR D, $221
LOFx—bME/Va—VREEL, PAS2ICELD
JEWJEIRF v — b LIZ R R L ERERET S, ZhICH
HLCTZRAED LICH Y, TodkiEHoME<T, T
72 Z LN 5 KB OHERWIE umber & I
N, ¥702AERELHTHRESN TS, HETYH

bIvhUESERT, ey, 1k okt s
D L7 EICHET 5 2 OO A & MG L2285, i
NL/NRECTERED LD L IZ R4S (Sugitani et
al., 1991)

INLOEKEDF ¥ — M EeRITELLDELT
KA1 7+ v =7 Franciscan 75 & \» ) JE i
EROHBERDH Y, ZOPIZLEBOZIRED LI
F ¥ — MNEYDH b, IWAMHES AITRVFS AL HH
W&, ZhS oRBH50MEIE & & BRI - 44T LT,
DSDP Db D extit L, THMOZREDHKDT ¥ —
MAEBRICK T 5 &HE % HE L2 (Yamamoto,
1987) . Murray et al. (1991) 3% L ICEOTF— %
POEELRT 7O —F 2 RAT VS,

F72, SIOICEOGHERE L L CIMERIKESH
D, ENDPBBIEHOEE, Fy—1MIZEbbEn)
ExbdHolze FIT, FiIEREAENHAELMA S
INE S NWE IR EIREE L CIHE, HETL, 20
BEBRIIBWTY, fEE, TVI=vaA, HUTA
HEDFZ T BT BRI N D FERED
W, ZORERE RIS E RO )G S O
B & Z RIS 2 IR A ICEH LT, b
RN OO S ORIEZ L DITHRT
HDHF%AGE L 72 (Yamamoto et al., 1986) o

33 ~qyA~xH /T a—NETHINY

N O

WFKOMEWEZZHT 0L LT, 19k D
FY LI —BORETIUH V) Va2 —VOEFE
PHOL2IZEN, ZOMRIIERZDDITEL TW
Bo —7, WMWY A4 rn ) Va—
VE W) EZELmm DT O RIb~ v A Y ONRLA D
ZOEINTWE (Fig. 10) #%, /N7, 1L
MRRE SN EETdH o 720 RGO L KO EH, —
L7 turv4rzuru—7 (EPMA) 2 X %M/
WG REIZR o 7oDT, v Fr<A4ra)
Va— VOWR RGO, MEDOR T )V a—
(vzua/ya—)) EHEBELRNES, 205040 LKk
WEHRD, TNIHEREREEL L0 X 5 ICBHEDITF155
MEMET L2HEEHIE L2, FICKIGES - Ko —
RGOS AR S ADRBIcohic e ) S A7, &
B LT, ThDHiomR Tl L < E7-Hf %
il L7z (Sugisaki et al., 1987) o

70 Y a—VHEEE FICBR S TERT 2012
WL, ¥4 278 T 2— VIZIHERTOEWEICS X
CEEFNTVEDT, ZOHHEIFKE W, 20O



Fig. 10 Internal morphology of manganese mi-
clonodules. Scale bar is 10 um. A, B and C.
were recovered from Central Pacific, Sea of
Japan, and Cretaceous hydrothermal
cherts of California, respectively.

MR AR R & & i L, DK 5 okl (hy-
drogenous precipitation), @EALIHHAER (oxic
diagenesis), QOHEMRALIYHHAIEM (suboxic diagene-
sis) EWIHTr 0 /) Va—LTRDOLNTWVWEDE
FcDER#EEE D, PHKFEO< AL 70/
Ta—VTRO+Q@o K, HAMED D DIZD K
R, /NER AR O b 0 O X 2B
WV, EVo KB OREAH O N E ot F72
F ¥ — PO T#72 DSDP  Site 304D L) LA
BHEo<A 270 Ya—VidBKkoBENH L, Ba/
Mn, Cu/Ni, Ba/Ni % EDHAKE v, EALIZFT <
3EZDOEENGF D, oxic diagenesis 12 & ) T
ENZ2HDITEDL > TO L FEIRENT,

Fe bCld, WiH Tl HLRR A O$ < R
HrHICELHRBORrb~f 70 ) V-V ES
BET & 720 WUJT R M O umber, I $R 4T O
Fx— b, FHETORABEALZETH L. T ORHI
KRR OBARED S D LR TE, WERE
RS <A 70 ) Y2 — UHEEYEO LA %
BEL723 %, RESRTO LIRS, HERERE
DI L LTHIMTH B0 0572

HAROW - HEROEARICY Y ) V2 — VR
EENTVD LI WMEND L. WO A 7R
T=VDLDOTHRL, F T emIZEELDLDH D,
CNARTPEDORIBIKIZHET 2 b ODOFET, 7L —
MID o> THARFIBIZHAAENZE VWS EZ DD

o LL, RBKOD OV~ V7V ERGT
HHDIZXF LT, HEADOELDOL DR~ 7T
HHFEFDHE S SH SN Tz, &2 THhA B
OHEFREWh D= v B ALE W DAL TERE D 55 A % T
N, TOREHFNOGAHEIRAN"HL 2B L
72o — 2% Fig. 11A IR § & 9 12K%6,025 m DK
SRR SN a T —T, I UAVIRIEIER
LBEERLTWDDS, REBEOEZ KT COALTH
ERHERTw ARV, S—Dd H AR O FEHIRHE O
DSDP Site 4340 A7 —Tdh b, TOX Y TV EHE
FHEIRFEDD D L) —HE v L3RR D
WY TH B, WESAR LTI £ I1ZA284 73K
BELTVEEEALNS, TLT, ORI IT Y
GHEZRTEIATIZCODED FITLTHML
TWhrHEPEHENS (Fig. 11B)s COWED ¥ —
IR T BHIBHETIE, ~H UHRRIERETRE L
TWBEEZOND, SOOI RBEVH NV E

(manganese carbonate band) &IESRZ & & L7
(Sugisaki et al., 1991) o

COE) RN R YTy FOREIE, FRH
Kod - HEROF ¥ — b HAERICLISHBER
%, Fig. 11C {2, #EZINNREM OKRTFOIE VWA
JBCToBl%, Fig. 11D I ERRAET ¥ — MBI 5460
EIRTH, VH VL CODAINA 7 RO 5 Ai KA
FEEEEOZENEFLETHE, CORIH NV
i, ®EOa7—LRRY, FIIE T VPV
Y HBAPBEY, TNERET 2R OEHICL
LRBEY Y, N )T h, BL®ranyh, =v7r
WV, i, HERE EOEBICE R, Zn/Co LAEV, 2
LD suboxic DERFE T CTHEB L7-HE2 Wik 5.
O L) YIRS &<, BEIEEOA Y
L G, ZIUIRL S CRIBIEIL A & 1
B DIZLER COEMAGTHTHAH )0 TDRFKIF
PR OBC il 1E — 3078 — 3 )L & 8H DR O bk B
DENIY, FEPIEV, ZOEITHERILN 2R T
FHEIAIA & AR E LT, MELFHE2YW
FEoTWh,

RUYH NV FDHDHIGHEITEPR LTS Z LITE
HICMET %0 Gk, HRTTI Ay ) Ta—)vEh
BRENZZLDOOMERE 7 4+ =V FTEET S L, e
DG HE\ R O & PATICEY S TwT,
Va—WREWI LV EB LAV VY AREET D, £
DML~V TV ORBHETH- T, B TIE%
Vo INHOREIR, [LFHEAD A L, FERT O
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Fig. 11 Geochemical profiles of MnO (closed circles) and CO: (open

sequares) for marine cores and shales within the Mino ter-
rane. A: Pistone core 195 recovered from central Pacific (water
depthis; 6,025 m) B; DSDP Site 434 core from west sloe of the
Japan Trench (water depth; 5,986 m). C; shale outcrop at
Yoro. D; chert outcrop at Kamiaso.

MUY )V a—id= vy H Ny RAERFFIICIE
KL 72 b DT, BFEBEISERT S @Bt~ 7o
)V a—NVERRNEMNIER LR >THWEDTH b,

3.4 HFEAH»S R-BFRIIEBHESEOFME

DL EICOR-PEH HAROH - A Lo HERE & OV
Mo, ENLOREE ARG EDORER L OMKRE %
ZATHIZ V. {YBRTA, Fy— b TREINDZEEFE
ORI AT L — M- THAFSBISHEIEN TE
T, REACHABFNEDOKFEHEMIAAML Tno7z&wn
VEZBZT IV —YarysFr b=z 2k kidh, 20
HALO# D Y EHLSTA L, EHILLTWD X HICR
Zbo LHL, TAMPKE LIHBEDOT—5 005 A
LEENIIH L THVWEREER LSS 2/, H -
HAERDOECFIRT ¥ — b OLFHR R B 7 &I f
INAEIUH NV FOFELREPLINSOYWHEIZ
“SEPEVE O R EHERE RO M IR TIZ W L HIF
ENb, F7-HAERH %Pt DSDP ® I 7 — D40 H7
P 5 B O KR PEHERE M IV OBEM 0 9 2 12o L
ERoTELT, BHOTIEVAATLESZEW
9 G BEE L 72

CHICELT, ANBHEEEIZE, EH, LA 7%

O R WEFEN LR % I, W TR =E
I 7% & o RS RFEHERED O IR TIE 2w &
W) B EfERkr R L TE o7z ORM, 2002).
¥7: Jenkyns and Winterer (1982) (ZFE ol
MICHONZEWERF v — MIHYT L0
DSDP OHEHETH, KFEKTEA2P o Twin
EICHEAL, INHIZEBREZRIITEINDTHS
EDRTWwb, Moore (1975) 137 L — b Lo Hifk
WAMD T L — PO TIZHE Y AATO L E@wRZEAL T
Who EEHROT YA Y )V a— VIRIEBREDO LD L
Rl LakR7205, A3v 5 Y FD Loch Fyne
FOAYVITNEL DRV A Y ) V2=V ENT S
&R, TTRIMHKICHE SN TWT, ThidR
B Tho TRBKODDLE) &) W%
(Calvart and Price, 1970) %, ¥t H Ao KRR
M (Okada, 1980) RJLKH RO KEHR (von Rad
and Botz, 1987) TH ZOFHVO I DD LNTH
D, b~ Ao Ny FEWEEMUL, HURE
THR L DTHA I T2, ZWINERRICIE,
Mn CEEGHNALZZ GO EPERLTYT,
CNER TNV EWEREZTboEEZLN
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bo COFDE[IZT=2—Y—F ¥ FT Coombs et
al. (1985) 12X > THE SN, ZOPFEEITKEITE
WHHTTHER LD DTH D LBRENTWD, 77
V=g YOFRE L TEITFLNE S DIHBERD
T—=8 Wb, THUTHARFEOEH WA KA
ERTDTHTIZH T EE2RTEVIDTH b,
L2L, TR BFELC L) REiEZRL, WA
AL HAFBICET > TEL L L IZZOMIT
Do liEHOVTWVRIEETTHY, ZOTF—FIiTHL
L RERETHIIODDTH 5,
DEEAARGNEBEZNRE LY E0E L2 OERT
HoT, MROELOTRTOTIYH Y ) TV 2—=0LVD
EEIRKEEODDTII RV EVS TWBRTIE A
Vo BIZIE, FE—IVRIZET S/ Va—LRREIL
XAk (Audley-Charles, 1965) ®7—% % 5D,
TR U ITE R, HERENDO L o728 w9
FEEIEE LV, 72842 RIUTE W2
Za—T7 7Y NIV RR M ALEDT T4 X T
M HAROERET 72 & & 3T IS KB 2 B e 3
HOEERTH Y, WHHRENZOFTTRICR 720D
2R E D B H R,
COMEOHER A DO TRV S ADOH T %215
T, BAME—IREADLH T THEAD S DI
L (Sugitani et al., 2003), HIR{LFMZRBF7EI2H £
WM T2 S OME &2z, HWER B0 2 AW
{LICES A A 7258 % BB LT\ % (Sugitani et al.,

in press) o
4. WREENEHMTH ADEE)

4.1 WEFHZEEHBOE L HR

WEIIH TICEANBRE SN, TIFHNT v AHk
bNTRILZbDEEZONSL, 2 VAR LD
T, bolIOWHEN R, SMEESND 2 L134K
Thbo LL, EAOMITRBIEIIE) IEWHBS
DL LHFETLIETTH D, 19604 ICHE, T
V7 THUT AR DA X 5 HEE o A% U
SN, VRTFADAT - 72 M T K OB % & ZIZ#EH
L&) &z
WFHRATIEH LD “HRAES Thb, 2D
SE TR, 0L 7 THTAKROT R OSHIER S
WRIew ) WEIEKE L), ML E 720D
Thb, LAL, 200y 7 oOHED20ED. L5,
ARG A DS 1944E DO W ifFHE DK, 5 F >
oM EBN, #Hi5 (Hatuda, 1953) S TW 575,

]}é#

EOWNACTHEH SN TE A2 L 1dEA DA TR
ETHHI)0 TOL) BERTHEBIHEIBTATZAD
BENIOWTRES S FUYPRIFENTE . L2

L, ZZo L) 2 HEGOERICEMZ b -7 H
T OWEOR, # 21X CO% CHZ: &0 H A b
ENNnZE, B—oRa0b0idmmEnclLlEr, £
ZT, 7 RV EFEBEOBGREDON) T L ET VT Y
WCEH L B4 OBTHAHY5 v, M) oaicws
2h0 T ADEATDOFERIIIEEH D% L, o
T, TNOEDOEREINS He/Ar b b S OFE R
ERIICED ST, FIT-EOM, 100ikE RS,
DEIFZEE T DZFNR (5x107) D2HRIET 5, D
LHREHEEO Z NS OF AR EADHRIEIZL 5T
Buhsh, Fhhis Bz ER L TR, B ICHIT
ENBLTHA) LT, ZORE, B—loof
TR L, HEMEIZL TS 2 5o 5 25
DHEEIZHR W,

WMEOR T ADREIE, HROWNE2H5 00
VEEOH#TH Y, FHFE, AV T+ V=TT, Thz
o TN LB LR H o720 LAL, H
RV v ) BOREWIFZE TlEZ OBk A3
TEC, @HIHELV, FITHFAZU N5 7L
WO iRl ERE VR F L L, 2o ER
ALEO ST TIL L ibNTWT, B A D5
WKHEF VAL TR o7z, L L, STk
RO TR T, A—H—DWH b0 EEEOHE
BTEze COWEFEDD S —2DfiRIZ, TAORE
WOV mAATEEL D D ENICHVEE TR ONEFHT
Hbo FRRDIIIIH ADoK & v % H
BV ISR e b o &HIIT L 72

¥, FEWEEE LT, AlERFRIIHMERS
HATHEN ORI EY LA S LT M k2 S 58S
BH A% EAHE S ACBEWLT, HA3MENIEEDH
BETRELTL B, KREICRLE-> Tl L.
ZLT, FADOZEB L TRX 2 HE L ORI
LH ke o7z (Sugisaki, 1978) « ZHIZHRZHT,
HAOHEEGENZ R, HRZ7OT N TTTD
RN 2 e Lze 2L T, W—H4
B DPIE %2 AT\, BICIZ46ENICH R Lz F 72,
T — 5 DRFNO— DO BEGRIFRIC X H1m2% D " hE
Lotz TOFBEEEMNT 2 DIHIE LB S &
LC, BREOFMMER, ZHEOBAMER, ek
DENFEIR 2R, WRAP ST LT AEZEND
DTV B - THENE L7z, ZORKE, |
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Fig. 12 (upper) Preseismic decrease and postseis-
mic increase of gas charge rates. Hourly
average rates for 10 measurements are
plotted. (lower) Changes of gas concentra-
tion ratios at Byakko and Yuya monitoring
sites for 1995 southern Hyogo earthquke.

He ! Ar

i 4 [

Ha i/ Ar

‘#1 & BY B4

ICTIE R IR VG4 32 (1984) & Ju b IR B & b 52
(1995) OB, #AO RN 2 55, MR KH#
DFEEL ENBIH SNz FEBHOMBEOEHIZIZK
MR — B - PR R DB T, A A R
BENEL ZoTHBY, FAOHEMED 65 HIETH
ELTWT, MEHEAE L FFED (coseismic) # A M
WA, 7 B DN Z OFURERIHT O A7 A AT
B ol shiz, 2T, BRBigk220 km (12
LIS Y, KELME M=72) OO H
THAEOLE % BlE$ 5 F 2T X 72 (Fig. 12)
(Sugisaki et al., 1996). ZNExtIRIYZLFRIE L
T, Bl EARKRILT ZDOWEDE, F—,
IO ZRLL TW2%, BERFEIRBEOTH
RSN A ATl He/Ar leofs, H,, CH,, SO,
T EOWRENEZETMOB TR SHERIEL T
Wize ZLTC, TO2AHICIZZ D IZUER O
FCTWA LT (Fig. 18), EHBE#Ikm % % 2
L, ZOXIICHIRI Y 7 FVH5hh - 722 &3
S TE X9 (Sugisaki and Sugiura, 1985; 1986) .
4.2 SENIRE EHTREH X
FRLOWZEICE T A B 2 R A I A R
DR, IR ERRTV 2, Fl2IE, FIIERR S
BB TT Fr b2, A X d o He 213800
ppm &L KR DEND160F5IZE L, WS AR
DLOLHETEL) THICHMEL T, {HE L H
ELrOEMLEHINTWEDT, 20X RIERH
ZIZWIREE A 5 MM I N TWEOTIE RV E 2
7oo T, PEBHL TR LREE SN TS DD
EXHE LT, TOWBEIZ A, TE2THRAR, £
PO HAZRPL THMH L7 (Sugisaki et al,
1983), TO#R, BMREOHe 2 EFXRO LML

v
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Hl T HY R4

Fig. 13 Temporal variation of fumarole gas qualities of On-
take volcano. Vertical arrows indicate the occur-
rence time of the 1984 earthquake.



(%)

ra
=

{He' Ar'sas
HedAram

1 R —

&

Fig. 14

2
Oa
0
p3d o
] R -1 10}
(T o i
ACRVE N g
| [ | l:ﬁ T_ T o
| II | i I-' m g
|L| | | I|I |
F Wl | \/ '
| I I = II ]
. | | %%
|
~| | Hed A
o II o
| ni
o -8
[ o 4
io
el L) DEC AN
4] | 982

Temporal variations of H,, O: and He/Ar
ratio at a monitoring station along the At-
era active fault. He/Ar ratio is normalized
to that of atmospheric air.
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DRERGOHEREY & DO T ORBRAEZ V> T 5
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T =8 L DRI E TN AR AR S
eboiimEhic, WEHEIC X o TS h7zEh
TR A DFEDMEEE S I, APHENANE T
Lzbo M s, KFEIZOWTIEE UERER
T WY o0 ] 5 R A e LR 10% 0 B ST IRE O b
ONVBNT, T LTEORMMNE % I} 5 & He/Ar
WEFERBRLTBY, £ 0.0PICHEHML WA,
COFIZHA M TERE YT AR ZRL TS LR
W&ha (Fig 14)
HOREIEFR—OREHNIZBWTKRELRIILD X
BH b, Fig. 15l AKINZb 0% ED, £WiED
FTRTCOF=5 %70y b L72bDTH S, Bz XM
& <131 ppm A 100,000 ppm F TZEH L T
b0 ZOYV T VT OIRENS, EBROBAET
<, ETEWEEA DD O EHETE RV,
IRTEIREDEWIHIC L2 Sy LR FHiE, Lo
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Fig. 15 H, concentrations issuing from active faults in central Japan. The up-
per eight faults are associated with historical earthquakes except for
the Hida fault. Earthquakes associated with the lower seven faults are
not known. Occurrence year and magnitude of earthquake (M) associ-
ated with the upper seven faults are as follows: Atera 762 (M =17.4),
Yamazaki 1864 (M =6.4), Atotsugawa 1857 (M =6.9), Fukozu 1945 (M
=7.1), Neodani 1891 (M =8.0), Negoro 1091 (M =6.2), Ushikubi mi-

croearthqugkes.
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TR & X EUAICTEB L2 b 0L ER/RS N TS
A, HEHSNZDRIZOEHRNTH 5, oKW
BT B R O A RN 2 KOFH IR L TH S
A3, TREHI G % B Z AT b A S Dk o s & B A
Bh, THEERWEE X0, RGBT W
TOZNV—=T%JELREE X5, 2F ) WiEh 5
SN2 HadZIG BRI 258 L VISR TR TRive &
72 b, WKIDERKINOBRICEES NS, v
FIZHEWEIEIIICE > TSNS EZ2TH =
LEZRWEEZBND, Bk FIBILE R, MG
IR DM D HEERFIZ B 2 H.o B2 HE S h
Twb (Satake et al., 1985) ¥~ 7 ¥ KL 7 A WilE
THREBRZBINAD ), WERVCOMTIZBT 2B
ALEHICERZRDEE 2 b H 5705, A ITHREC
X BB AWIERICB T 2 EH T B ET L ET IV
BEZT. BRERRICLTKEMAZS L, WRED
H 384§ 5 2 & & FEERINICHED D 720 B K £1300
gllK80 g #MA 72D DA HI1E3%E 5 R I
VERS % BB E D HoD 5 % 8 1e T A AR
DVTIIBEERLEZLELRIY IS MR Lld e
CIZFHARRDS V. DF ), SAVBIEINDS LI
Vo LwEn HREAEL L, Ehibzmimt %
bh, HTARKESELTHZREETLEW) EF NV
Thbo TOX) HFEIMHESAS S FEMBRELE
HLTBS5N7 (Wakita et al., 1980). FESIKE X
B LOHIEBIGENIC X - T, B OB IG Tk HER: X
T2 2%, (HE)A 5 RV R 2SS L 72 S0 3 kg
TIZD L) RIEER Kb OoDOH D L EZ SNb,

HAOHISR - ImF IR IR0 L Tw b iR
BTSN T UMK, 1940), 4120 X
I M KAL) WiE A A % Typell & 08, Wi &
W SR 2L SN D D% Type I &y
4 L7z (Sugisaki et al., 1980) . FIIRRE 7% & TlEA
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Fig. 16 Gaschromatograms of hexane fraction from
mantle rocks. “Pri” and “Phy” represent
pristane and phytane, respectively. Ab-
scissa represents retention time (min).
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