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Ousu (right) and Kousa (left) viewed from their southwestern
direction. (Aug. 1954)
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Photo. 2 Ogari (middle) and Kousu (left) viewed from their
south. (Aug. 1954)
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Photo. 3 Violent explosion and growth of the roof-mountain.
(Aug. 1944, by M. Mimatsu)
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Photo. 4 The roof-mountain and the dome viewed from their

east. (Oct. 1950)
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Photo. 5 The roof-mountain and the dome viewed {rom the eastern
rim of the Usu somma. (Sept. 1952)

K6 FERED I ¥ — o (IR 2048 AR,

B, BROBPHRE LI GKES) BB L A LB bR

GO, s OISR CRES LD E LR Y AR o ER R,

% OTEOE PR D YA S CH 5, ABS o7 Mo BfEwa 2

2 MG EIRRIC HA L FihE b 5. M oRBEHBMEED
DIETLNEHFETCH D,

Photo. 6 The dome on the roof-mountain viewed from its south
foot (Aug. 1954)
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Photo. 7 The dome viewed from its west. (Oct. 1950)
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Photo. 8 Sango-iwa viewed from its west. (Aug. 1954)
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Photo.9 The somma lava at Yanagiwara. (Oct. 1950)
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Photo.10 Slickenside caused by growth of the dome. (Sept. 1952)
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Photo.11 New lava (dyke form)at the southern part of Sango-
iwa. (Aug. 1954)
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Photo. 12 Outcrop showing the succession of volcanic ejecta

layers of the following four periods; Usu (left end),
Ousu & Kousu, Yosomi-yama,

and Showa-shinzan
(upper most} (Aug. 1953)
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T bF LT ELBESEEORRC RIS L FF, IR Ui g oMdnc g L
fote b ECERE TH D, © DI LBl okt ot niic ot LR 1EG
ol LIISRIERP L XTI hTund, 2ok 35 LT, MiEehalo ks ik
FRHRIR D BT 2 TR 5 e Z o7 (KK 6,8) .,
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Table 1 Stratigraphy of Usu Volcano and Adjacent Areas

H =} =

Formation

s 3

Litflological characters

BT K IR A

[.ava & ejecta of Showa-shinzan

P =0 kL e
Ejecta of Yosomi-yama

KA k U/NEER KU
Lava & ejecta of Ousu & Kousu

TR R R
Lower terrace deposits

i

Recent

ARG I
Somma ejecta of Usu volcano

B

AR RS
‘ Somma lava of Usu volcano

H
Quaternary

AR UL L

Somma ejecta of Usu volcano

‘ ‘ 7 HNE

| (B TR )
Fukaba formation

(Higher terrace deposits)

i

W RN
Takinouye lava

A 5
| ‘ Osaru bed
g A

‘ KIVE Y
} Lavas & pyroclastic rocks

#
Pleistocene

E2

T

&l
Tertiary

R
Pliocen

SHE

1) RUFEBIORE

M de X USKIIR » JOUED « R
Lava, and volcanic ash, sand & lapilli

IR » RLEP « KL
Volcanic ash, sand and lapilli

e X UUKIUIR o KIS » KO
Lava and volcanic ash, sand & lapilli.

B e B KR
Sand, gravel & volcanic ash

SR o KILED « KL
Volcanic ash, sand & lapilli

LR T
Basaltic lava

KR« K IUES o SOOI
Volcanic ash, sand & lapilli

oo e ik BT
Sand, gravel, clay & pumice

AR LS
Dacite

BREEE UL R - RIGED - B8
Acid andesitic volcanic ash, sand &
pumice

SR « WIS s kU RV
Andesitic lava, agglomerate and tuff

SR ERHE O BN TIFRRK L O BRI T hic, REES XU/ EREIRTOZRED
e —3E E B2 b, WIAERKILOX NTEENA Rk L lfligy »~ 7 7 ES
7o BIEEST EOBBICERKLAMEI U, R0 RE S X OHgAEH L, B

OAETRKIIETN L,

BRI ORI TEBIEEL LBk Uteat, RILEE st 5 & e 7e <, BiFE0
X 5 Tk BB B RO D R LT e,

(2) MW@ & TR Y
FEE=FRK LM

AMER AR TR < T 5 L D O—ERC, de b gL oS - I
%lwﬁmﬁﬁ®$%#6&01véo%E#B%@W@%ﬁﬂbB%wk%thaoKﬂ
BT O PR X OHEPE IR R LT\ %,

RHEED

R ALK UOTEED S, X BIZEOHAHRMIIHECE 5+, FRERT KU

2t 3)  BHEETICE IR (1956) OFIFIRE fiHE T 23 OTH D,
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S ERMEZ E T LA TH D,
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KA Rz h 5B L Ao b0 LFEZHR 5,

HeRoMm LR

APHE T HEEO ML X < FEREL, Mo g X B L Tw %, P TIRER
O LFIEEE T~8 m OREIAEBEO D TWD, BWEII R TH 5/ THN Im, kX
O B3R 2~3 m IHEFBEOMIERE a0 T B, FRREEORE EE 2 bR s BRI
DLOLE LSRR TH S [XR9),

BT Lo T LETF S h, 1I~8m K7 v 5 26 L7 OREELON]
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h T, Fho—MH, ERIGH: LTRlllehtes,

HERG M LA
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HEFEETLLH E O 1k B G+ 5 02 Cin <, FMimlo RS X CHRRK ORI < 4
LT 5,
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HEFEIL O ¥ — A 2R 5 EN, ok LUBENC X > CRE RS X OV NEEEA I E h
Fobt, S 0BE S KINEEOEBIIRE L l, Lo kIiBoELE L kv, F
— KRR AR R T, SR R BRI LE L diRE e LT
By

PO Lok LS H

ZOWPK TIRBE O £ 07 < T, KIR < KIb: SR LA ic T E .

II. 6 EBfn 3y o Mo
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FERESTLL R A RS L OVMERR LR UL, F— 2 0ZEMATS o KILK - KIS &2 HH
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i oM & DI AY X570, FRHCE QHERE LB 2 mE L, otk
Uiz, 7ckIKE1m ol aHis U CEA Lic,
F = A D TR OIS X O F — a2 b O FEEE L MR LT B, Zhb o
Sy An A A R R R TR L,
(2) F=AkLUHES
F~ADFEEIRBSES 5m N EoRRECELN WS, EBEET HFEC I 2>Tm
I, L BT LA, FReBWeY, LI EVOBREYREL, BoEEOL
DU LE LEREAR L oo TwB, Fe s BRofRfbEhid, L ob Yy 2 AefliBrnd
D, BRI LB ORI E D SEEOEET AV LT 5, 7 ADOTERDK
B0 SERRAIRE TL HF H B e, 800~900°C rEMEIN TS, F7- F—sd3k
B LS o BR OB X o Ca UL B 25 o bicilobhs (X
HiK 10)

HIFBIL P~ 2 0BHE 3 b0 ThH A2, ToOBHHING F— > Vg, MAPEHIT, %
IO R~ AR S T 5, FIFEIMEOTHCEI L, REcREEE D500
T DAY, WHPEORM TR 11T R & 5 @ R a8 itic BEA LTwv s, Bl
it OB E L, ZOBERE 2 BRKERE & b IcREO IRy A AW LT
Wi, SREOERT AR A0 FRSE LT OIS LR oo o Bia s 2
LT3, FEEOBRITEIT 5B X 5 CRERS X O NEBROBE » B hizglE th

B AR A SRS LI RNEO BIERIDEEIRE S KA B0 T LB B h, Higkic
FlE U TR ENCADTHEY, Ok 3 o MR ER D7, BB Lo ThH
%,

3) EBiEuW

BRI 2 AE 0 K LGE BT A R Hm IR O —3 e 7o L, HENK 4 R)emnmd k5
HGIoWE 2w LCnie sy, BEYHEOERA K XS THRA200m 1§ SR L, EALLR
210 B R R TR, ORI o CHBS X OEmME T e o 2{bT 5 2 h i
Rl L B Shiciodie, BEBRIIE L SIS h s mE o, AEMGIEE RS
IREICH Bicdifira nh, I~Em ko7 ey 7 rich, BRINOTRES X 08 7
BriATBRL2LLTHELT WA,

BRI rhiig X D ORI XL O F ~ 4 QRPN 7 5 B0 Lot e 4 24k
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BROMRILIAE X 0 TRO EFUETIAMEERC E THILEF SR b D Th 5,

ML Y — A REEALES LN DS, TLEEOWHFAN T 50, F— AFlloi
HPEHE TS S [T e ZhiEeg<SEORHEHE S0 oBELTHL, hb oS
HRTA IR « B - EEHER - TERT X o HEEA T Lo A, BRGSO TR e s
%,

RAFERSS L OVINVEER « P12 » TR 7 & WK S U C ik LLRDRE « P77« ok LK e
ERWINL, h O AL © L AR Lz, Lis LB A—TH 51
DEFILEAZ & &, LB L S CHRER B BEAEW L, b 4o
KULH 0 PEOREEIFAAR LTI o) h ] b C X B ns (XK 12),

AR HR A AR AR e LT, AEERs X oV NVEEREHSIE (£ 4m), 14
FEILEE IR (2.5 m), TERETI ISR (0.5m) RooTuwb, Shbo 4NHEED 5
B, BIZHNEEDOE L VECL Y, HIFEENE R —Th 22, HHECALNDIE
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NB. ¥k FCEEFEIPEROMESIVEE SN, T LueBE— ISR G
E3%5bD01 55,

(2) LIRS
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An 90 B CIREMCIE, BHEEEIZE LL &, e AIicis bhbicd &
Vo SRR L Ab BSFICE L X 5 Th B, ERELHIRECEANE, EiedE
T, & ina v rliEERL, S VENOREECL ST HEEh w5, Wl R
L OREL L AT SRR TR B, T SEERE e = m R L, EY
FVETORGEYE 50 L, FLLBEET 7 2~ RoliHEEZR TH0 L0 H
By
Tidise VR A v 2~ - XS R e L, BRI - BT - R KOst o 7 7
A B D, BT A VETICET S, BRI SIE 84 nv, B OBz LT
EBHERRO 7 ) A L AL bR,

AB ORI 2 FRORTE D Th 5,

(3) AEESL X OVNERES

PR X AT, X <ERILICEE R R T,

A PHET - SR

SRR IR & b D BT b h A REETH S,
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T RER S, o w7 AFCEHROREAEII LT\ 5, SIS 2 & fE®
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%2 FOR TR BV 21, BT RERIUE LRI RETHES S,
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H£2F FHRKUEEORERSS & IEEE O P2 RS
Table 2 Chemical Composition of Usu Volcano Lavas and Average
Chemical Composition of Granite

1* ok [ % 4% gk 6 | 7
Si0, 69.74 68.26 71.25 53.46 51.88 70.18 72.25
Ti0O, 0.45 0.36 0.43 1.06 n. d. 0.39 0.35
ALO, 15.59 15.47 13.21 18.99 21.53 14.47 14.04
Fe.0, 1.52 1.91 3.19 2.75 2.45 1.57 0.38
FeO 2.59 2.15 1.96 | 6.74 6.36 1.78 2.32
MnO 0.08 0.31 0.27 0.22 0.20 0.12 0.19
MgO 0.85 0.99 0.84 3.82 2.08 0.88 0.67
CaO 3.63 4.37 3.10 9.79 11.09 1.99 2.13
Na,O 3.43 3.83 4.02 2.47 3.12 3.48 3.43
K,0 1.36 1.29 115 0.48 1.56 4.11 3,17
H,O* | 0.67 } Gl 0.50 0.33 \ 0.17 } & 8l 0.64
HO | 0.23 ‘ 0.25 020 | I ' 0.21
P.0; 0.22 0.18 0.46 0.32 n. d. 0.19 | 0.22
Total | 100.36 i 99.93 i 100.63 100.63 100.44 100.00 100.00
S AR, FRBIEREF, PRk

1. TGS BT 1 — 2 478 o

Showa-shinzan lava Cliff N. W. side of Showa-shinzan dome
2. REHEE KRB ERTE E

Ousu lava Summit of Ousu dome
3. /NEERESE NEERMTE R TE

Kousu lava Summit of Kousu dome
4. FERIMRIUSSE PR L AR L

Usu somma lava Eastern part of roof-mountain of showa-shinzan
5. HEkSEIEE BEFRKITE RIA K

Usu somma lava Summit crater of Usu volcano

6. dLRE (SR, SEMGO L 0) 546 Sdro FigfE (R, A. Daly)
Average chemical composition of 546 granites (the World) (R. A. Daly
7. TERE CHAD) 94 58T © I (85 de k ThRAR)
Average chemical composition of 94 granites (Japan) (Suzuki & Nemoto)
50 DB E AT b D%, SEIRELIERE L, BR2mm R 2L 0L %,
EHRBIFROX DR EVHETH D,

AL 7w Y F o 2RS0T, RS HRS , $RRORER, ko
Fiks X OREERER, BEEB0F T Ak YAMHIRCEAI L, BFoltas > »Cuw b, Zof
HoRBciE-s y FRC 745 Y BROOEGHAES B RS, ShEhie7Aa VELE 2D
CEBHERO 7 Y A P AL FIOBEET 52 2 b 5,

(LB IEE 2 R0 R E D Tl %, FOEER X CUMNEEIAE & TR, SRS AIE
T %,

(B)  AbEEgisy

PAER X CVNEBRE - AERMRILEE L D O IR LS bR 2 55 2 F0 il

-, 15181}
<]

HRsHmLR RS HE Ch s oL, ARk - ANESR D O IBREET LS 1 BETh
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D, IR IFIELDTILEMLTVS, 2O LiXThb 3FORPKERESE o
CFE—ThL ol &k —FT 5, LicioT I hbBEREORKELE—THD LiEES R
Z)Q

I.8 &

K = L CESRRmD OB b OV ERIERE © R BT BB IENS, 28T Y H
BRIk 7 2 RR Lc b O ERK IR AR O R K, $70b D pseudo-belonite
B X crypto-dome LN LR B A IHT L O TH 5,

BEREMEK of] & UCARIOKIERSORME 7. £ 5 &, RO L5 IsFaRHE b5
e

1) KIEEROEHES & ORI oo CHIE A R LT B S 2,

2) 92 pEd T D KIEBO A @ U T OB RT LA 2 2.

3) kUEEEh O T 10 B OB T2, KUK « KU R I L7z 0 T, 1E
L E ot LB Liehoke s &,

4) OkIREIOFIC pseudo-belonite ZVHIE LC, kISR LI 2,

PEEMENIE S Skm, (E1km R, FTOEEREE40m rEEShE, CORVHL
B BERIE F O FE o b o HugiiE N R an o R R EEE (Midotede & o
ST A LR TE T, BACX 2EANE: LR TENE b0 Th s,
e THIEOBEE TGN E LTHA LI 22w T o L ILin b,

SOk 5 R TR AR LTEARORIRECEAT L L, £
D _EFRIITAHSECESE LT X s 20X 5 I LTEHAKRD B ES I e =2 F -2,
HBEORL L VR L e DI RAT, BB i, 20 X aiinc X »>TE
AFEAED T T AMUE SR Lictc®s, BABEED bfds X OB oBEN b of D
BAMEES e, 20X 5 © LTEASED kgt kIle B> iR t o2 B L 5
wieh, FroAdoHET E T ETEEARET L, TLTOoWREBELALRIL 5 AT — A
¥ L ORI IEZR E i,

PUED B 7 3000 58 5 M oo B S C 120,000,000 m* k. 70%, Licpio T o oHiH
O TR EA LB Rk LTI SR U3 A A e B, S OHRIO RTINS
Bemis & R oHERICBE Lic - 22k b, ToBENe ko TN o RgiEsRES h
TR E L, KBRS TR 2 rEo R,

EEMERSE ORI o WTIE, E ok S HEROE R TRV, BEOL DI O ML AR
B

Tk X OV E BRI SRR B, BB MR X oo TR & s RS
KIS TR X 53 LVESEMER ok E, SV 0 2HAI TR,
LA LB & 3 i m T E s WO BN X A EEMEofThhic { v LinH s
WTh D, LIS CEEMELE i T oG8 s WO Cindl Ehtvic b o Th
B

H & LK SR 5 i 5 B o — e BRI R S h B TR L LTI 2
FEHIZ#E 2 bivd,

() sriEssae X 5 ARk

@) SEERo R L B EMETE T O TSR E

2T X 5w KRG - ESE X O ERTILoBMERE, TAn Vg RiK-T
HVEOEETE L 7R Y, BT KO & Ca0 kW0 8L WEA LT EsT ERE0T
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BRI EYT A Z 26, TORARIE LT X hixte LA @) oHBRE NI X 5

L0 LHEET 50N ﬁf@%@ib#c_O&ﬁkbfimﬁﬂiﬁﬁﬁﬁmﬁaﬁDiW

IR LT A0 T, KIUEEIO R, R M ORISR 08, - C ofEEESE o
EoHERICEAT LD LHEES RS,

OI. & 7 § #&

L. 1 Beyis b U jisE s 2

WDl X 5, Moo kE oM, 3 oo L2 TAitsz
HTFORTEH D Fehdteh b Th %,

& A TIRFET L oL, RINELLEL TLES F—s s BEIUO TR LDy
G R U BRI o M TS R B s %zélz 533 5 KBRS GELLNDED
Thah,

L Lo DEHEEL /e 500, BEOS 2 TR ULTH LW LA X 5 ngss, HiF e
HORES L ERERAIL A0 E 503 2 ThB,

ZDX D L EBZCARLDD, IREL LTRER -2 - BRIUs X 0% OF
73, & b INEIEC BRI R Lot s S b m BRI L o dEdE s s T E
J1ofilsE 2T 2tk

A gL -2k North American Geophysical Co. #oT N5 AG-108 ¢, = juc
Lo HEiER ol BHEOFIN Y% 0.01 mgal FTFFOR 8y, ST 0.05 meal LR
THAWY, BT AEEO tide B X b, AV vricX A drift Sz
Mg s A E—ETH L T Ldbhol, jﬁlj%ﬁa‘m?;muﬁuia‘f‘ll!ﬁﬂm%i O EBALE T o BlE U
TR E0~400m 221, TOMOHEE T 100~500m & &k o,

WA D FENISERIIEC X D, ¥ B R EIE Lo Chois Vo ksillETE:5 74 11000

R L b ISR S TR OFR U 5,000 430> LHERRPY i@ X7,

RO 1V 22 iyl meal ©FEA S D & AT, 0.0l megal F G232 B oRE
BRI 20 m FLEEE CRIEMEREIS /L Clkia bioy, AFIOEG, SERNE Crl (it of5E
PR 10 m B F CIRRRCHIE L,

EEEo-TE, 0.01mgal &\ 5 OINERE S om WX AEIECHYST 5. igdo
NI OREC R ORI TWETRIZR b lovi b, 20z ke2H L AR TkiElE
FIFoTc. TOFEE closed error b bl A+ 2em LT T 03,

O X 5 LTE U M o B 27 455 75, [F 28 450 191, 45T 266 T,

L 2 JmEkEReesd3 2 — R ofliE xR & O fliERS S

;m E Hi Fb(ﬁﬂn:f“’ COBEITTIEC OV TSN X 5 o
F, e 2 b HERRS B IO drift $ X ORERIY I X 28 Thoe R R
I .J:"JVCH‘—% WICHRE DR X % BHIERTT 5 5%, Z RIZouTiT international for-
mulafd iz 3 AR BT Lic, £ UTRER Bouguer #iIE GIIE, i MAE»Sl) 2

el

7 4) International Gravity Formula, 1930
80=078.049 (1+0.0052884 sin2 ¢—0.0000059 sin? ¢)
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Table. 3 Results of the Gravity Values
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5 | g | W [EpemmVVBEE REESE | 4
WEEAR | T F (A) (B) ST L

g1 : Observed | Free-air Topogra Norfglal C—-D
Date Height value* |correction phical  gravity Results

No. (m) (Grigal) (mgal) |correction value faaal
(mgal) (mgal)
7 H
127 10 13 42,99 980 450.40 9.67 1.41 980 407.23 +54.25
(13 Oct 1955)

2 14 101.86 438.05 22.91 1.56 407.25 +55.27
3 17 161.37 425.94 36.30 1.86 407.36 4-56.74
4 17 194.60 419,48 43.77 1.72 407.48 +57.49
5 17 201.90 418.11 45,41 1.82 407.56 +57.78
6 17 174.66 425.27 39.28 1.45 407.75 +58.25
7 17 173.41 426.92 39.00 1.36 407 .94 +59.34
8 13 173.81 427.55 39.09 1.38 408.14 | +59.88
9 15 243.53 410.05 54.77 2.87 408.04 |  +59.65
10 17 | 272.60 400.82 61.31 2.88 407 .59 -+57.42
11 17 261.38 403.25 58.78 2.62 407.54 +57.11
12 17 252,91 404.30 56.88 2.72 407 .51 +56.39
13| 14 264,27 402.08 59.44 2.87 407.65 +56.74
14 14 188.82 420.70 42,47 1.35 407.36 +57.16
15 14 162.72 425.19 36.60 1.66 407.21 +56.24
16 13 144.58 435.36 2258 1,10 408.31 +60.67
17 13 121.34 441.32 27.29 0.86 408.50 +60.97
18 13 101.49 446,27 22.83 0.77 408.72 +61.15
19 13 86.97 450.43 19.56 0.88 408.93 +61.94
20 13 86.67 450.20 19.50 0.54 409.03 +61.21
21 13 87.89 450.04 19.77 0.57 409.02 +61.36
22 13 86.61 450.18 19.48 0.55 409.04 +61.17
23 13 54,81 450.37 12,38 0.78 408.17 5531
24 13 51.19 450.76 11.52 0.92 408.01 +55.19
25 13 50.83 451.40 11.43 1.06 408.12 +651.77
26 18 39.32 452.10 8.85 1.07 407.73 +54.29
2 13 36.34 452 .27 8.18 1.12 407 .48 +54.09
28 13 35.91 452.03 8.08 1.29 407.28 +54.12
29 13 46.48 449,58 10.46 1.28 407.04 +54.,28
30 13 52185 448.20 11.78 0.85 406.79 +54.04
81 13 51.03 447.92 11.48 1.13 406.55 +53.98
32 13 74.19 444.22 16.69 1.34 406.97 +55.28
33 14 | 208.98 417.27 46,72 1.48 407.60 +57.87
34 14 | 257.51 405.22 57.92 2.44 407.77 +57.81
35 14 | 275.91 401.31 62,06 3.33 407.85 -+58.85
36 14 | 314.77 391.54 70.79 4.00 407.89 +58.44
a1 14 288.61 397.96 64.91 4.52 408.00 +59.39
38| 14 | 288.54 398.24 64.,90 3.28 407.89 +58.53
39 14 251.96 406.77 56.69 2.08 407.77 +57.75
40 14 | 251.17 406.92 56.49 2.38 407.87 +57.92
41 14 260.90 404.03 58.68 %.73 407.93 +57.51
42 14 251.54 405,94 56.57 2 15 407.88 +57.38
43 14 254,14 404.63 57.16 285 407.83 +56.82
44 14 258.91 404.70 58.23 2.27 407.82 +57.38
45 14 256.46 404.58 57.68 2.44 407.74 -+56.96
46 14 244 .73 407.07 55.04 2.26 407.57 56,80
47 14 240.46 408.42 54.08 2.23 407 .67 +57.06
48| 19 | 333.58 385.78 75.02 5.56 407.80 +58.56
49 19 386.37 372.19 86.90 725 407.77 $-58. b7
50 19 369.45 376.58 83.09 6.28 407.74 +58.21

* Observed value:

by using the value of £4.3 mgal at Kotoni (Sapporo)
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AR 34 1 (1
mEmpE | ® (A) (B) (C) L) A+B+
5 3 Observed | Free-air ‘Topogra- ormal C—D
Date H?g)ht value  correction phical  gravity Results
No. it (mgal) (mgal) Coﬁfn‘gll)on (‘r’j‘gg (mgal)
A& H B
5127. 10. 19| 404.82 | 980 365.04 90.05 10.31 980 407.72 +58.68
52 17 272.34 401.21 61.25 2.86 407.65 +57.67
53 17 | 297.32 394.82 66.87 3.62 407.61 +57.70
54 16 99.95 446.14 22.48 0.64 408.74 +60.52
55 16 118.66 440.79 26.69 0.86 408.43 +59.91
56| 16 | 132.63 436.77 29.83 1.23 408.26 +59.57
57 16 127.60 437.48 28.70 1.03 408.26 +58.95
58 16 160.97 428.74 36.21 1.56 408.12 +58.39
59 16 179.22 424.53 40.31 1.92 408.32 +58.44
60 16 178.96 425.79 40.25 1.47 408.57 -58.94
61 16 50.23 452.04 11.30 1.37 408.19 +56.52
62 16 50.43 453.20 11.34 1 BB 408.38 +57.38
63 17 42,95 448.79 9.66 1.17 406.32 +53.30
64 iz 42.87 448.37 9.64 1.36 406,11 +53.26
65 17 43.70 447,37 9.83 1.38 405.92 +52.66
66! 17 45.06 446.97 10.14 0.88 405.69 +52.30
67 17 57.67 443,24 12.97 1.67 405.76 +52.12
68 FEd 27.98 450.49 6.30 0.86 405.79 +52.86
69 17 71.68 441.82 16,12 177 406.35 +53.36
70 17 79.77 441.50 17.94 1.42 406.70 -+54.16
[l 17 36.08 451.24 8.85 1.07 407 .41 +53.75
79 28. 7. 11 129.04 428.64 29.02 1.16 405.98 +52.84
(11 July 1952)
73 11 177.46 419.25 39.91 1.55 406.35 +54.36
7427. 10. 21 172.00 419,97 38.68 2.27 406.54 +54.38
21 Oct 1952)|
7528. 7.10 | 97.52 438.02 21.93 1.69 406.93 +54.71
(10 July 1953)/
10128. 6. 23 75.04 444.10 16.88 1.79 407 .64 +-55.13
23 June 1953)
102 23 86.18 441,96 19.38 1.99 407.75 +55.58
103 23 78.01 443.73 17.54 1.99 407.82 +55.44
104 28 75,21, 443.59 16.91 1.74 407 .54 +54.70
105 25 205.88 416.59 46.30 2.03 407.43 +57.49
106 23 221.71 412.75 49,86 1.78 407.33 +57.06
107 23 211.67 414.55 47.60 1.69 407 .21 -+56.63
108 23 203.16 415.89 45,69 1.66 407.13 -+56.11
109 7. 12 BEPL32 386.01 74.74 %.73 407 .81 +-58.67
110 (12 July 1953)
12 | 335.07 385.40 75.36 6.18 407.78 +59.16
111 12 | 344.06 383.37 77.38 6.07 407.81 +59.01
112 12 335.47 385.45 75.45 5.69 407.82 +4-58.77
113 6. 24 | 232.90 408.32 52.38 2.96 407.52 +56.14
(24June 1953)
114 24 230.15 409.44 51.76 3.66 407.75 +57.11
115 24 | 250.57 405.83 56.35 3.36 407.93 +57.61
116 24 255,34 405.47 57.43 I 407.70 +57.37
117 24 | 252.69 406.23 56.83 2.25 407 .75 +57.56
118 13 236.97 409.14 53.27 2 10 407 .60 +56.94
119 6. 29 106.81 436.55 24,02 e 407.39 +55.45
120 29 99.17 439.97 22.30 1.86 407.94 +56.19
121 29 94 .42 441 .64 21 24 1.93 408.04 +56.77
122 s 88.65 449.81 19.94 0.82 408.05 +61.52
123 27 86.71 449.09 19.50 0.87 409.21 +61.25
124 27 86.85 448.56 19.53 0.97 409.26 +59.80
125 27 85.50 448.56 19.23 0.98 409,44 +59.33
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s - W o e M A R pEEE ) fiE dg,"!
4R = B () (D)

| WESFAHE (A) (B) Iy, A+B+

HE . Observed | Free-air | °PO8Ta- N ormal C—D

Date H(e xg)ht value  |correction phical  gravity Results
No. = (mgal) (mgal) COIEIr'ne::]l)()n (yn?;;lg (mgal)
£ 3 H

126/28. s 2 85.65 980 448.25 19.26 0.93 | 980 409.54 +58.90
127 2 86.61 448.50 19.48 1.46 409.60 +59.84
128 27 90.33 447.60 20.32 1.04 409.66 +59.30
129 7 92.03 447.29 20.70 0.93 409.70 +59.22
130 27 86.49 449.14 19.45 1.30 409.66 +60.23
131 27 88.12 449.90 19.82 0.76 409.72 -+-60.76
132 25 | 158.53 425.09 35.65 0.78 406.91 +54.61
133 30 | 149.56 426.85 33.64 0.52 406.79 +54.22
134 30 138.36 429.56 31.12 0.50 406.65 +54.53
135 30| 130.81 431.33 29.42 0.51 406.49 +54.77
136 30| 154.30 425.46 34.70 0.64 406.81 --53.99
137 30 | 163.20 423.07 36.70 0.99 406.90 +53.86
138 30 153.74 425.10 34.58 1.28 406.93 +54.03
139 30 155.15 427.95 34.89 1.26 406.98 +57.12
140 30 157.50 423.81 35.42 1.94 406.86 +54.31
141 30 150.99 425.03 33.96 1.72 406.89 +53.82
142 30 158.07 424 .30 85,55 0.70 406.63 +53.82
143 30 154.34 425 .41 34.71 0.63 406.50 -+54.25
144 30 | 151.22 425.88 34.01 0.68 406.52 +54.05
145 30 147.96 426.41 33.28 0.79 406.56 +53.92
146 27 108.07 445 .84 21.30 1.17 409.48 +61.83
147 27 127.39 441,00 28.65 1.52 409.24 +61.93
148 27 158.80 433.85 35.71 1.07 409.36 +61,27
14928, 6. 27 | 216.86 420.58 48.77 1.64 409.23 +61.76
150 27 | 224,12 418.59 50.40 1571 409.17 -+61.53
151 28 | 235.98 415.58 53.07 3.14 409.09 +62.70
152 21 226.29 418.23 50,89 1.72 409.19 -+61.65
1563 27 | 237.21 415.53 53.35 1.53 409.23 +61.18
154 27 252.65 410.83 56.82 2.18 409.26 +60.57
155 28 | 247.31 412.81 55.62 2.56 409.21 +60.78
156 28 253.46 411.11 57.00 811 409.14 +61.08
157, 28 | 249.92 412.15 56.21 ZllL 409.11 +61.36
158 28 | 244.58 413.45 55.01 1.79 409,23 +61.02
159 28 236.39 415.64 53.16 2.43 409.18 +62.05
160 28 239.66 414 .44 53.90 1.59 409,26 +60.67
161 o7 221.73 419.55 49.87 1.36 409.16 +61.62
162, 27 192.21 426.15 43.23 1.95 409.28 +62.05
163 27 88.81 450.21 19.97 0.65 409.73 +61.14
164 29 | 102.67 445.01 23.09 1.12 409.41 +59.91
165 29 130.46 439.12 29.34 1.2% 409.24 +60.49
166 29 147.50 435.21 33.17 1.13 409.16 +60.35
167 28 | 241.85 414.30 b4 .39 268 409.04 +62.28
168| 28 | 242.18 414 .36 54.47 3.28 408.96 +63.15
169 28 250.77 411.72 56.40 2.11 409.10 ~61.13
170 28 245.43 413.41 55.20 1.82 409.14 +62.29
171 29 156.27 433.08 8515 1.39 409.07 +60.45
172 29 166.87 430.59 37 463 1.76 409.14 +60.74
178 30 157.29 427.90 35.37 1.21 406.98 +57.50
174 30 | 117.40 437.15 26.40 1.16 407.15 +57.56
175 30| 117.86 434.84 26.73 1.17 407.08 -57.66
176 30| 101.48 440.03 22.82 115 407.15 +56.85
177 30 52.87 451.08 11.89 132 407.10 +57.19
178 30 50.14 452.03 11.28 1.36 407.07 +57.60
179, 30 47.30 452.50 10.64 1.53 407.01 +57.66
180128. 7. 10| 107.69 435.66 24.22 2.10 406.93 +55.05
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j e R

s = | WoE M [EEmmVEEEE REEDE g
HmaEgE | o (A) (B) (C) (D) A+B+

ki ; Observed | Free.air |Lopogra- | Normal =~ 4

Height ‘ 3 hical Vit

Date e18 value correction phcay shavity Results

No. (m) (mgal) (mgal) |correction value (mgal)

(mgal) (mgal)
£ A H

181128. 7. 10| 112.90 | 980 434.22 25.39 2.09 | 980 406.93 +54.77
182 10 92.04 439.52 20.70 1.55 406.93 +54.84
183 10 90.49 440.06 20.35 1.44 406.93 +54.82
184 10 84.49 441 .47 19.00 1.35 406.93 -+54.89
185 10 79.74 442.61 17.93 1.38 406.93 +55.09
186 10 75,39 443.54 16.96 1:25 406.93 -+-54.82
187 10 68.57 445.04 15.42 1.31 406.93 +54.84
188 10 63.87 446.04 14.36 1.27 406.93 +54.74
189 10 58.63 447 .14 13.19 1.26 406,93 +54.66
190 10 51.99 448.49 11.69 1.16 406.93 |  --54.41
191 10 50.63 448.76 11.39 1.25 406.93 -+54.47
192, 10 48.14 449,02 10.83 1.26 406.93 +54.18
193 10 38.62 451.28 8.69 1.30 406.93 +54.34
194 10 35.92 451.70 8.08 1.28 406.93 +54.13
195 10 33.45 452.21 7.52 1.28 406.93 +54.16
196 10 32.48 452.53 7.30 1.29 406.93 +54.19
197 10 30.66 452.93 6.90 1.28 406.93 +54.18
198 10 47.48 448.72 10.68 1.20 406.53 +54.07
199, 10 43.66 449.53 9.82 1.18 406.51 +54.02
200 10 40.34 450.31 9.07 1.15 406.49 +54.04
201 10 37.68 450.90 8.47 1.16 406.47 +54.06
202 3 35.58 447.95 8.00 0.99 405.55 +51.39
203 3 27.74 449.33 6.24 1.20 405.32 +51.45
204 3 21.80 449.96 4.90 1.16 405.06 +50.96
205 6 18.63 451.10 4.19 0.73 404.93 +51.09
206 6 16,15 451.70 3.63 0.66 404.83 +51.16
207 6 1253 451.42 2.81 0.68 404.72 -+50.19
208 6 12.27 453.35 2.76 1.31 404.92 +52.50
209 6 14.38 453.14 3.24 1.16 405.15 +b2.41
210 6 17.19 452 .54 3.87 0.82 405.30 +51.93
211 3 19.03 449.89 4.28 1.00 404.87 +50.30
212 3 20.00 449.59 4.50 0.72 404.74 +50.07
213 3 24.72 448.30 5.56 0.93 404.82 +49.97
214 3 31.00 446.52 6.97 0.95 404.80 +49.64
215 3 85.06 434.78 19.13 0.90 404.83 -+49.98
216 3 88.11 434.97 19.82 0.48 404.94 +50.33
217 3 100.18 433.23 22.53 0.57 405.17 +51.16
218 3 116.98 430.45 26.31 0.55 405.39 +51.92
219 3 136.29 426 .46 30.65 1.20 405.69 | -+52.62
220 3 157.47 422.81 35.42 1.15 405.88 +53.50
221 3 183.49 418.10 41.27 1.15 406.12 +54.40
222 3 211.86 412.59 47.65 1.40 406.31 +55.33
223 3 237.89 407.75 53.50 1.70 406.50 +56.45
224 3 217.09 411.58 48.82 1.46 406.30 +55.56
225 6 96.21 433.19 21.64 0.58 405.01 +50.40
226 6 100.42 432.84 22.58 0.58 405.20 +50.80
227 6 115.65 430.08 26.01 0.67 405.40 +51.36
228 6 126.85 428.16 28.53 0.69 405.57 +51.82
229 3 141.90 425.53 31..91 0.81 405.72 +52.53
230 6 161.15 421.46 36.24 0.95 405.86 +52.79
231 6 183.51 417.37 41.27 1.12 406.06 +53.70
232 6 204 .48 413.68 45.99 1:26 406.21 +54.72
233 6 159.68 422 .22 35.91 0.90 405.90 +53.13
234 6 166.92 420.31 37.54 0.98 405.96 +52.87
235 6 156.57 422.76 35.21 1.10 406.06 +53.01
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BRI G RIS 1A s Ly B 1

30 & o T A | Agy’’
| WA H } B B Ty (B) (C) (D) A+B+
| . Observed | Free-air Topogra- | Normal Cc—D
Height e | phical gravity
Date o) value; correction orsestion el Results
No. (mgal) (mgal) ‘ Gagsl) Cngal) (mgal) -
O EI]
236128, 7. 11| 140.62 | 980 426.14 31.63 1.61 | 980 406.06 +53.32
237 11 | 145.63 425.30 32.75 1.41 406.10 +53.36
238 11 | 147.75 424 .98 33.23 1.34 406.13 +53.42
239 11 | 150.23 424 .44 33.79 1.37 406.15 +53.45
240 11| 151.72 424.08 34.12 1.29 406.17 +53.32
241 11 | 1565.41 423.34 34.95 1.32 406.20 -+53.41
242 11 | 160.83 422.07 36.17 1.33 406.22 +53.35
243 11 | 172.99 419.71 38.91 1.51 406.28 +53.85
244 11| 178.75 419.85 39.08 1.54 406.31 +54.10
245 11 | 180.96 418.77 40.70 1.67 405.41 +54.73
246 11| 182.76 418.20 41.10 1.94 406.49 +54.75
247 11 | 187.88 417.15 42,25 1.96 406.56 +54.80
248 11 | 147.68 424.97 33.21 1.25 406.08 +53.38b
249 6| 138.15 426.11 31.07 1.40 405.77 +52.81
250 6| 144.23 425.00 32.44 1.01 405.80 +52.65
251 6| 123.57 428.66 27.79 0.73 405.56 4-51.62
252 6 | 140.54 425.47 31.61 0.93 405.77 +52.24
253 6| 153.56 42215 34.54 1.04 405.76 +51.97
254 6| 156.57 422.21 36.21 1.00 405.94 -+52.48
255 6 | 137.77 425.93 30.98 0.96 405.65 +52.22
256 6| 132.12 426.83 29.71 1.14 405.56 +52.12
257 6| 127.65 427.74 28.71 1.05 405.46 +52.04
258 10 51.87 447 .86 11.67 1.27 406.56 +54.24
259 10 57.60 446.58 12.95 122 406.58 +54.07
260 10 58.96 446.31 13.26 1.38 406.59 +54.31
261 10 64.43 445.49 14.49 1.38 406.60 +54.76
262 10 67.34 444.35 15.14 1.39 406.62 +54.26
263 10 70.38 443.74 15.83 1.55 406.64 +54.48
264 10 76.06 442 .23 17.11 1.71 406.67 +54.38
265) 10 79.57 441.33 17.90 1.82 406.68 +54.37
266 10 90.38 438.99 20.33 1.87 406.72 +54.47
267 10 34.52 449.81 7.76 1.24 406.09 +52.72
268 10 31.54 451.50 7.09 115 406.07 +-53.67
269 10 29.72 451.82 6.68 i 406.06 +53.56
270 10 29.16 4562.02 6.56 1.04 406.03 +53.59
271 10 31.03 451.70 6.98 1.01 406.01 +53.68
272 10 28.64 452.19 6.44 1.05 405.99 ++-53.69
273 10 22.63 453.43 5.09 1.08 405.98 +53.62
274 9 93.10 447.03 20.94 0.98 409.49 +59.46
275 9| 119.94 441.41 26.97 1.04 409.32 +60.10
276 9| 138.68 437.18 31.19 1.32 409.20 +60.49
277 9 99.69 447.95 22.42 0.91 409.59 +61.79
278 9| 120.15 443.10 27.02 1.28 409.37 +62.03
279 9| 145.22 436.68 32.66 1.45 409.25 +61.54
280 9| 231.67 416.47 52.10 1.65 409.30 +60.92
281 9| 218.93 419.29 49.24 1.54 409.33 +60.74
282 10 47.78 447.74 10.75 1.47 406.20 +53.76
283 11 55.82 445.63 12.55 1.55 406.27 -+-53.46
284 11 66.16 443.08 14.88 1.81 406.31 +53.46
285 11 85.76 438.52 19.29 1.82 406.26 +53.37
286) 11 | 101.13 434.66 22.74 197 406.19 +53.18
287 11| 116.10 430.93 26.11 2.00 406.12 +52.92
288] 11 | 128.99 428.00 29.01 1.86 406.07 +52.80
289 11 | 175.21 419.77 39.40 179 406.45 +54.51
290 11| 185.51 427 .42 30.48 1.11 406.00 +53.01
291 11 | 146.69 425.19 32.99 1.09 406.01 +53.27
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CRBEHIEDOKS, —iGe=2.0 & LTEHE L7z, ¥ lE0IMEE > U<y, TER 26 £100%
OTETHFE O T2 FLBEHTEE LI {5 54.3 mgal & Hiv /o, 3T Zh b AR L o4
HEE DR A1 Ui,

555 Kl O, 5, SRHIEME»HEL A EHEIL R LcHE),

ZO XS LT O SENERE &S &, FFeEfMime: LT, Bho@E ARhchE
<, dBE > TRE L DT B 2 b b,

ZOEPCHERRIE RO T HEEIHSIEETALOD L) Thi, 20 LIXBFNC
REZFKINC I TEANE LB d, £ v A4Skl 2 FMEORHREN B 1 &
LhbZEThb,

LK OERNEXN L IRICIh o2 Th D L, SOMREREPIC - { 27O E IS H,
DIhHIENEZOND, TROERFEETH ERIERO X HI1ITins,

1) MR FUEEEE D & LT—2o0BEm s b 5, ToREETIE
1mgal WiEd 5,

(@ = X ORARIBER b= R BAR 43 R iGEE I Lo < GBI TR
Az bhs) #0.5 meal, VAT E /b & L 0.2meal FETHS, BARINTHEOHE
FEHEREEZ BRTWD,

3) BHYU EoREHMK  MERS 114,115 355012 0.1~0.2 mgal OESE I 45
s,

) HFHX 3 > EHbe o e ns B F IR T S RS LV CIE 1 meal WY
%o

(5) FEBIPHLR FAHEREETFPHELAH RS ChH 52, 2k hizo& b LicEE i
wﬂ&Bhtn

1. 3 HHIEHFEHT 2T oW

ETINBEREOPECOVTHA WD LBET B, 0k 51c U LcREA
SRRCHIT Ot K LTV B0 E 5 SR 2 RERDH 5, &5 O T O MO N
GHGTEFIN T D OB IREEY LTk Y, EHOMIEFEC LT UHEREIEL TAS
L HRBEII N T B,

U 6L HEELTRRT UL b, AR 2290 D LA BI o\ THET e ok,

7, BEMIE CUIETHIE L &) %17 5 BRie, S 2.0 0% LRI LA, HjgoEE
ﬁii%‘ L7, BESHEEC S L o Tzt B 5,

WE—ONTE BRE A S, ML TIET 2T o 0g/0z i TENR D BET, £
X EDBEG L ORED L DT, %h%’% 5»5%@%1AaﬁLu ZrThB

HEIZII IR 200 8P GEEL TCHELD L LR TERVLTREL, B HOME L%k
IO D & 2T 5,

IIL 3. 1 BMESMmICDOLT

I X0 TEAOMAEET 2B, RONKL I oTHRENS
= (0.3086—0.04185 ) H mgal/m (1)
(Pg)dz)

BT, CoROELIT, HIROTEBES 5.5 & Liclaod 3ick hEHo% LT

RE5) RO 5L B, WEMARETRRE L Shtd, ZOMZMOM 54.3 mgal 2 EBT 570, $RHLLEIE,
Of BT LT, FOM+ 31.6 mgal GEELMAT (HEICR S LHA S LOPARTE):
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BEIE, Thobbigloz 2R L5, $-8525013, Bouguer HIEDHRET, 2nkp @
EERLTV B,

D g O X BEEOTIEN b DTS (L5 5 AF DRSS (R DBEE Off
DT B8, HITEZAIEDAE £ 0 b DO TN T E AR A X < I,

T, N THEOMBEE SV THELTHD,

il 2 e EB BRI ds X OB OGO R DT T AT Y, B CHE Ly v P
L OMBEIIEEARDO X 5 1Te B,

H4FE Frrilis L UBHRLOKED E
Table 4 Density of Lava

0 Hom k o®
BB & WA : | &
Effective density T
Name of lava (apparent) | Density
o kO OH 2.33 . 2.51
Takinouye lava
HERIMIRILEE 2.78 2.92
Usu-somma lava
AB SR E R 2.30 . 2.65
Lava of Ousu dome |
TR A0 LT 2.32 2.64
New lava of Showa-shinzan
(dome)

CRELTELb25 X5, IBREIUOFEE CEERINBLLIES c ST, Fo%E
NThb, 20X 5 BEOHEGHE LA 2 ThE, e p=2.0  LTEHLEE
FEERUL, kB2 TRIETELBIRL,

Dt b ST HIPECRER D b, U O AREO A OB G TE AN E 5, ®
L2,

FF O ERTE I X0 T, B0 Flcidre X 5 K HUBHHIE £ Cllivo T 3)
ERED X 5 BB, IS TLE LEEND X 55,

ZOREHRD &, KECKBWTEE 2EAOM/ oML, 1R FIBIRA AL >TW 5
X353 TChod, LI L REFEY I AD L, THIEERZ—DOMTIERL, HoEEL
DI N OMDTEBOEE D L BB T ENTE S,

o, chbREROBRE AL R ED OB A T 2AROHA - BEB[T
HTz,

WESEOROELHOGEE TOF S 0.3086 LFELT, A BThEhe 2w UEES
BTHILCHZE, AKX LT1.63, BiexfL€ 2.73 x5,

ESI ORI EENCA S &, RO o TSRS >TCwaE Lh
Toueht, FREHIE A AR R D 10 HIKIC M TH LB = EAVCE B,

I HIEHIX

II. BT
I R e o
V. Pisdix

V. BRI
VI, _REAEH EHIK
VII. EREFHIR

VIIL. M= Hi®
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X, =R
X, TaRnHx

COFRFROFEEATIE, MR CECES E2TWA X5 ThHEnb, HE LB
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Table 5 Calculation of Density by using the Formula (1)

i X iﬂlﬂ\rumiférs offé( dg/072—0.041859 B &E
Area | Station (mgal/m) Density
L [ B iR Al =4 8 0.203740.0021 2.30
Dome area
II. & piz3 ] Hh [ 33 0.2123-0.0010 2.30
Roof-mountain area
II1. B & 1 A 1 # K 0.2092:£0.0022 2.37
Surrounding roof-mountain 27
area
IV. #n I3 bt} = 57 0.2057+0.0026 2.46
Yanagiwara area
V. # B %] by X 21 0.2541:40.0040 1.30
Tatsukannai area
VI. £t B & # kB #3 K 51 0.182140.0017 3.02
Kamiosaru plateau area
VII. £ & b X 13 0.2701%0.0235 0.92
Kamiosaru area
VIIIL. i + = W1 #i K 21 0.2021-£0.0054 2.05
Yosomiyama area
IX.W-+=20 83 #H K
Surrounding Yosomi-yama 14 0.2099-40.0050 2.36
area
R} AL X 11 0.240940.0070 1.62
Nishikohan area
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Ko VIR CIRAMGILIEED, HEE Y2/ ) OEITES2TWS 2338 bhb, &
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#6E-1 4(0g/0z) I £ it & L
Table 6-1 4(6g/dz) Kamiosaru Plateau

No. }p=1.75{ 0=2.0 | p=2.5 | p=3.0 “ No. ’p=1.75‘ p=2.0 ! p=2.5 | »=3.0
72 + 39| + 55| — 45 f 238 | —367 | — 26| + 40 +460
73 +155 | 239 | —3837 | —35| — 28 + 20
74 — 20 240 + 29| —146 | + 76

215 241 + 19| + 45 + 36

216 242 + 91| +120, +186

217 — 10 243

218 - 17 244

219 245

220 246

221 247

292 248 —54| — 5| — 2

293 249 — 47| +43 + 2

224 250 + 37| +57 + 8

225 + 1 251 + 24

226 + 23 252 —

227 + 10 253 + 51

298 + 21| +165 254 +111

229 — 28 255 + 7| + 13

230 + 2 256 — 4| + 60

231 257 — 51

232 287 | — 3| + 9| 413, — b

233 - 25 288 | + 29| + 75 |

234 + 81 289 |

235 + 99 | 290 +23| —16 — 36

236 — 52| + 57| + 30 291 — 40 |

237 | —647 — 35| + 61| 4+ 65

il I
Yanagiwara

No_._l-;%l.75‘_p:2.0i-:2..; | p=3.0 ‘_No. ‘p:1.7; }3_;2.0 I p=2.5 | p=3.0

29 ! + 87| + 25| 19 |

30 | +40| + 6| + 15| 196 |

31 i —10| 197

32 | —50| —o91| —136| —170| 198

63 | — 41| + 4| —124| —54f 199

64 |+ 6 200

65 |+ 29| —66 201 ;

66 -4 258 — 33| —100 |

67 |+ 19| — 24 259 +62| + 40| + 35
68 260 |+ —60 —30
69 +114 261 | 4145 | —245 | + 10
70 | +310 +122 262 L4101 | + 4

71 268 | — 33 — 22| —156| -—140
7 | +130 +93| — 1| +22| 264 | — 7| + 1| —128 — 90
180 | +160 | 265 | + 19| + 18| —128 | —100
181 | —45| —180| —211| 266 | + 41| + 22| — 83|

182 | + 40| +89| — 23| + 79| 267 +245 | — 12

183 | + 29| + 35 — 38| 268

184 | — 22| 4+ 21| — 18| —133| 269

185 | —12| —24| —60| — 84| 270

186 | + 42| +49| +29| +21| 2711

187 | +182 | + 13| — 41| —40|| 272 |

188 | 277 | + 13| — 33| —105| 273 | |

189 —22| —15| —32| 282

190 +47| — 9| — 13| 283 | |+ 34|

191 —2| —7| —8| 284 | |+ 15| ~270
192 + 68| +61| +65| 285 | |+ 30| — 32
193 — 52| — 40| —150 | 286 | + 53|

e i | |
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Surrounding Roof-mountain

25

Ef(-lzl.%“ r=2.0 ‘ o=B,5 \ 0=3.0 H No_ﬁ‘p:_*l_;si =,

L 'y ‘ #=3.0

1 4127 | — 18 26
2 + 73| +62| 4+ 2| 4430 27
3 | —53| —66 — 15 —212 | 28
4 | —90| —19 — 68| —250 | 33 | —41| + 4| —124 — 54
5 | 4+ 48| — 23 — 77| —350 58 | + 5| — 19| —158  —203
6 | 59 | —57| —21| 4+ 2
7 60 | — 27| + 36| + 90, 4175
8 61 | + 40| + 36| — 40 —130
9 | —107| — 8 + 51| +55 62
14 | —33| — 8 + 7 105 + 65
15 | =100 — 5 + 30 106
23 107
24 + 2 \ 108 + 13
25 + 56 + 70 |

= B I

Tatsukannai

No. ‘021.‘75‘ p=2.0

6=2.5| p=8.0 || No. |e=1.75|p=2.0
| =25 | p=8.0 | No. [p=1.75 p=2.

p=2.5 ‘ 6=3.0

132 143
133 144
134 145
135 173
136 + 42 174
137 +290 | +470 175
138 176 — 48| + 40
139 177 — 42| —255
140 178 —163 | —ad5
141 179 :
142 + 82| 4100
Fo—- A
Dome
No. |p=1.75] =20 | p=2.5 | p=3.0 ’ No. lgﬂ 75| p=2.0 | p=2.5 | »=3.0
8 | —170| — 26| + 40| +150 | 109 | —130 T 67 +22| +160
49 | —977 | — 29| + 8| +38 | 110 | —370 | —279 —326| —310
50 |—97? | + 55| 4320 | 4680 | 111 | —I70| —160 | —160| —110
51 | —185| —194| — 30| — 10| 112 | —135| — 83 0| +65
BEoO| W
Roof-mountain
No. |p=1.75 p=2.0 | p=2.5 | p=3.0 | |0=1.75] p=2.0 | s=2.5 | »=3.0
1n | —97| —59| +75 +160| 41 | + 4| +50| +210| +250
12 | 19| 47| 4180 +210|  42 | —30| — 29| 423 450
13 | —18 ‘ +140  +240 | 43 | 48| +119 +195 —360
3¢ | 4326 | Ti0| fl0 160| 44| ~13| f13| fes| +1z
B 12| 66| +55 +80| 45 448 +14) +05) 10
3 4+ 51| +65| +190 +210| 46 — 63| —49| —11| — 9
37 —147| —60| —25 —35| 47 | —90| + 90| + 25| —50
38 +12| — 15| +50 —800| 52 | 4 78| -4 61| +198| +150
39  — 70 —100| —65 —55| 58 | —58| + 1| 4190 | +270
0 | 4+21| +21| +5 —500| 101 | |
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102 + 23 117 + 75| 4102 + 7 + 25
103 — 19 — 9 118 —10?| + 77 + 4 —120
104 + 80 + 39 —105 119 —60 ? — 43 —142
113 — 26| — 23 +120 | +240 120 + 98| 4+ 42| — 20 —115
114 —122 | — 16 + 10 | 121 — 17| — 20| — 8 | —140
115 | —110¢| — 46| + 28| +150 10 — 27| —21| - 67 — 95
116 | — 307! 4+ 26 + 53 +110
£t B it
Kamiosaru

No. |o=1. 75} p=2.0 \o 2.5 | p=3. 0\1 No. [p=1. 75‘ )=2.0 0=2.5| p=3.0

202 +106 209 |
203 + 27 210

204 + 9| 211

205 — 6| 212

206 l . 213

207 214

208 |

= i

Yosomi-yama

No. |o=1.75] p=2.0 | p=2.5|p=3.0| No. p=1j5’p=20(ﬂ=25i 0=3.0
148 | 159
149 ‘ 160 +119
150 161
151 162 ;
152 167
153 + 65 168
154 + 52 169
155 —178 170
156 280
157 281 + 4
158 + 36 + 23
mo4 o= o oEm D
Surrounding Yosomi-yama
No. |p=1.75|p=2.0 s=2.5 |p=8.0| No. [p=1.75]p=2.0|s=2.5 p=3.0
122 163
123 | 164
124 | 165 — 40
125 166
126 \ 171
127 172
128 ! 274
129 275
130 1 276
131 | 277
146 278
147 ‘ 279
5 14 iE2
Nishikohan

No. ’p=175|p510|p=15]p=&oﬁ No. ‘p=1ﬂ5{m:20‘p=25'70=30

16 Lo

17 ’ — 38| — 35 54 | —11| 4+ 7| — 47| —188

18 + 1| —20 55 | —21| —11| —54| — 80

19 5 | — 65| + 54 — 25| + 50
+83| — 6| + 80

20 \ 57 | +125
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#6582 WRIHcks 4 (0g)0z) OFAMES X CEAE (0=2.0 & LT)
Table 6-2 Maximum and Minimum Values of 4 (9g/0z)
by assuming p=2.0

H ® - 4 (6gloz)
area i K ME(E.U) | ik & fi(E.U.)
Maximum Value Minimum Value
I H ¥ E  #H [E + 55 —279
Dome area
I’. = #® 15§ Bl = -+140 —122
Roof-mountain area
III. & W A 4 #H K + 62 — 66
Surrounding Roof-moun-
tain area i
. W & i, | +245 —145
Yanagiwara area
V. # Bl 5] i ) X ~+290 —163
Tatsukannai area
VI EE W & # £ # X +111 — 54
Kamiosaru plateau area
VII. £ E i Hh = | +106 — 6
Kamiosaru area
vill, 4 = I M K +119 —178
Yosomi-yama area
X W4+ =11 B3 # K + 1 — 40
Surrouding Yosomi-yama
area
X, ™ B X + 84 - 38
Nishikohan area

4 T, 208 LIRS LT p=2.0 FRER Lol 0 REIGITEE ThH ok

LEBL AR TEHRTL, JFECFBROH L L THEL

T, BRI 0 X 5 UTE 4 (0g/fz) ot T, [ickei: Bouguer EEO

&2 KHIELTTY PR THOLN, 20X 5 miEb o224 L W C, 20 F A Tk Bouguer

ik aiavsis b 552K@WE*’£HKWJV??5 R LELL D, —irk Ui, UL
¥ p=1.75 3 LU 2.0 DB AT DN, T']é(’/‘ts:;fkﬁ:’/imﬁbfﬁﬁmhg 4 (8gfdz) fiA B
Th5 k%ﬂ]@i 5 s T, ThbLOEMD 2 KE7 Bouguer SUE(E, Tob b

dgy'+ H 4 (0g)dz)

BERLTARS LESRD LD KD, fo v LohbolicisooillEisiaticras L
T p=1.75 2.0 L2 HWe D€, HICHE6X, BEREWRLIL S, TImidnik
DRERS D, FOZrEEHCEWTINALORR ¥ 2T uLbic, BERE LD
L, IR RN S R L LTS (K- &k X OO OB MO RE R ),
o v L EIZE 2Tk D, S5 LAMRME hiz X 5 fiic 6o T\v%. Lic

MO TEBICIER o X 31 A B Coeeees T TR\T, EORDEOIZDWT &
ot p OEAEFIGT 4 Bgffz) FILL, TOERYMGuLI W, BHED XA, ix
T O TIIEHT A ROFHOR D2 &, Elehbie, ChBBTELLLTYL, &
ool L L AN/, ZoRLhHTELERT I LATER .

LichioC, FEEHTIE o & 4 (8g0z) 10 % Oy, BRI 5, I~ Blx gt s
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M5 OEEEBE LB OERYERL TP RETHS,
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: AR (PRIl o B e LA
Detail T, 1% | ¥ % :
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R Area {Method interval %glz}mt shot holes Year
Name of \ | (m) {(m)
the Line
| |
w1 W r—s @R~ =2 LA |
Eiiwi
i 2 ' 2 1954
1 st line loop surrounding dome mainly v 8 | = .
‘Refraction | |
# 2 M & v g k
RS | 50 2 | 2 1953
2nd line | (shorter length than  ditto : -
1st line) \ ‘ |
% 3 M BERiLo kL JEATiE |
o I et 25 2 | 2 193
3rd line | On the roof-mountain lRefractlon ‘ |
#5 4 WB OF - a— BRI KA
S 25 2 | 2 |15
4th line | Steep cliff on the south- Reflection | |
ern side of dome | |
5 05 U B RIRL D (FE) Eﬁi‘i 3 ‘ i
iy 2 1954
5th line | Southern part of the |Refraction ah 55 @ . T
roof-mountain & | |
| (NW-SE direction) Reflection ! I
06 WM Bl S 1km DRI AL
i 50 3 2, sk W | 1954
6th line | 1km, south of the Refraction| » T |
roof-mountain
(E-W direction) 2 md
%7 WAk E) Mok o i
ditto & 16 ' "
7th line | (shorter lenth than  ditto < 28 . g | e
6th line) I

B LR~ X 5, FTHEENTERE S b, O X5 LI Ho/icDT, TR
(1953) 1o it Pl /e PP R 12) Fo B ORISR & 5 SBPNEERRE 1) - fT o0,
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12) WHSRE LI EROANCE S F 5, REMCHE LI ERRECS S F - 23 SRS O Hi Y
ARERDH L EHRFEOD 5 WA .
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Table 8 Data of the Seismic (field) Surveys
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Al £ P ‘% R Al | T & %) 7R | 1 =
| | Dynamite
Reco- |
:oopT  Dete-  Shot- | charge 3 |
nu1r11(t]>1er:7g| read ctors| point (numbers Filter | Remarks
| | | of cap} - -
The temperatures °
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¥ 1 [108~97 III 4ker. (2) (S%;:;isg?lt) lare about 100°C throu-
| The noise amplit- | ghout
o~ ) i~
1 1 108~97) 1 L 7 @) 2~3S ludes are very large./ 1 st
| - " |perhaps because of | line
4 1 108~97) 11 = B @) 2~3S the volcanic tre-
| (see mors)
Fig. 10) -
; 3-com- | ©
| s, ( e 95 - vertical -+
5 2 96~76! II i, 2) 2~38 U5 Tarmal T g);l:irsl- E;_“
| || dome outward) Y
| | . r s, ¥
2 . 2 . 96~76) I 2.5 7 (2 2~38 95'"- tangential g%}i B
| for dome w
8 | 2 | 96~76| III 3 » (2) 2~38§ . No. b
j {eastward) AGC. o
; | 3-com
g ——_— e 77 - vertical P
3 3 77~88 I 4 » (dltjto) 2~3S T aTal o ESO;I::IS]
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6 B 77~88 I 2 » 2~38S | 77" tangential I{r;([))g},;
| for dome
9 3 77~88 III 1 7 2~-38 | No.
[ (southward) AG.C.

. — | v DN
10 t~7 N 0.7ker. | 2
11 a~z S 0.9 » f E
. . &

i = | i The temperature of the sh-
L =il T | sl et }ot hole No. 1 is about 100°C &
14 p~119 | II |25 » 2~35 | g
] £y
15 a~I { 0.5 kgr. 2~39S ad
| , e for reflection -
| [ = I st ¥ 2~385 [The temperature of the g
i [ | 2~3S |shot hole No. 2 is about |5
| | 8 | AL JGE # | st 50°C f o
a~I II [ 1.5 7 2~38 J O
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17 | 1 41~54 1 4.5 kegr. ‘ 2~38 141, 42, 43, 44, 45, 46,
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19 i, 41~54| II 5 v 2~38S
21 1 41~54] III 10 4 2~38 J
3
1 detector positions 5;
18 2 B5~69 I 11 # | 2~3s 55, 57, 59, 61, 62, 63, |°
‘ | | 64, 65, 66, 67, 68, 69, =
20 2 55~69 Il |4 2~35 !f 2
2% 2 55~99 III |7 14 2~38S 2}
3  50~61 II (1 I\ 5
' detectors positions 22
3 50~611 II 0.5 » | || 50, 51, 52, 53, 54, 55,
| 3~3M | 56, 57, 58, 59, 60, 61,
23 3  50~6l II |0.5 # or |
| reflection) | |
24 | 3 50~61| III |11 L4 3" ~3M | /
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25 1 1~12 | I 4 kgr. 1 R~3S for filter checking
1 1~12 | 11 |1 » 1~38
1 1~12 | III |6 7 R~3S &
28 1 1~12 | 11 2 v 2~-38 2
31 1 1~12 | 1II |9 7~ 1~38 =
26 2 12~23 | 1 |6 7 1~3S %
29 2 12~23 | 1I 4 7 2~38 m
32 2 12~23| I |9 7 1~3s &
27 3  20~31 I (10 ~» 1~33
30 3 20~31 | 1I 9 7 2~38
33 3 |20~381| IIL |7 7 2~385
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34 1 180~1917 I 4.5 kgr. | 180, 182, 184, 186, 188,
| | 190, 191
36 1 180~191] II 6.7 v :
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35 2 192 I 1758 7 il 192, 193, 194, 195, 196, (&
} 197, 192 | ®
37 2 [192~197 , 1
‘ S I (e e .
} 13 dete- "l‘<pesition on the roof-
12 | ctors T 0.1 ker. mountain, Depth of the shot
J lon 2 {19 Caps) fhole is 0.5 m. Shot-detector
Kb Hins distances=15, 30 & 45m
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TS R AT AT B IO ME Z T, F0EMENE—~ b5 vy o P TRE 2 THD
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BRI Cird e U 26 m, BRILETIRIH O CrE 50 m S (29 4EEE 0> diy i ©
[2100m) ThH, HEFUIFRED TS 2~8m, »HABFT TP ORE) 100°C 1oL K
Aot REEVTHN, L 6 BRAF SR L, SEEN TRV 100 g s BfEk 11 ke B,
FEET180ke (8FR) THh 5, MFERBUIN 18 &, JHFEEMEYL 40 [ELT L, =BIFMILREEE 140 14,
RO IEIZ Y b km AR, _ﬂeﬂé\g, Bigs, SIREAMES L E SRR L,

LERC ISR 2T Th 5. 2BEITEIREL, 4 v w2 T TN, Y
fE L FE D ORI, SBROBHUETT H 5, 204 S, S. C. O R SHIME R nt
Hiviz, —oHEFTOREC W T3 T EBREL TH LD T, T #2510 X
LYy

IV. 2 ERER 0N D ok

ZOXSICUTEIL, B8 I Rinnk L,

MR, SRR E0BfRC, BEED L ORI TRV L 0L 55,

ST LOREERND, F—aPild s Wit i ToRMER ST 20 Ch 555, FHiTdh
FLLELC S Ty,

1) T s -0
R—4:18~115 2—1:35—42 =
R—0:18~ 250 3—2: 50~63 =
1—0:23~ 25 = 4~3  77~85 =
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Fig. 17 b Time Distance Curve at the Steep Slope on
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Fig. 21 Determination of Elastic Wave Velocities in Rocks by
means of Ultrasonic Impulse Transmission
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LI A R S S ¢ 8 § 1.90
Usu somma lava (2)
{eloded)
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temperature
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Tuff (** Rusutsu '’
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Roof-mountain (inner)
B OB o £ + 0.6~0.7 0.25~0.37
weathered on roof-mountain

* It is not sure that this value corresponds to whether Takinouye
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Table 11 Magnetic Properties of Rocks (ref-Fig. 34)
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Table 12 Magnetic Properties of Rocks (General)
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Table 13 Magnetic Properties of Rocks (Thermo Remanent Magnetism)
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Fiz, WU IR OEOHIER o LPREO X 5 @iy, 17RO X 5 i, £
O RO BRI L T, AHE T v FEREA TS &, FISFRT L S, L
TIHREARE L 2BERS W 2L,

X, T HRESFEEET L ROL SR ENLAMEH IR,

(1) FREHs o d6EBss X O RERIETILAR Y B 2 & JEPNCAC O 5 BRI ds\ T, PRy
T FRREARE L,

dtEtcHlls A RE iR, EIBEC X s B2 50 L TE D, B LIS - SN
BEORI2m EHOKE %L ORI BT HE L v #ERER, +Thfhll0cpm. SsXU
85c.p.m, Th-ol, FIHKIUS X L0 FEICRET 2RO KEFRE, EEEN
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Fig. 66 Relation between 7-Line Intensity and Temperature
FLLEL, KEFHGHERMIEHE KDY #&igs, —BeBTuEMIEETEo &4, %
OB, REFECHHITS 2 3%l b hTwb, Lido, i e s BB
T HADETNCI AT IHIENS  OBRETR YR ATHW AT Th 5, L LBEOR WK
BUHE IR X 518 EEEEO0HARE L T L —H L Cwinv, RiT, il s b h
RO EMEREL, MR ST 2ENOSHEEFR LTV 3 iz v o T, g0
i, E/L2, BOAAR IO TEOREYHES &% 2 bhTw5 WEk v LEsERLT L
TwbhorBbhs,
(2) TFEERC RV BIRESME IR T L H T 5,
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% 15 #*
Table 15 Relation between 7-Line Intensity and Topography
i 7 % o | @ o ow | o sy
"Topography Highland Slope ‘ Lowland
) J<t g
Numbers of observation 14 s 9
STIEAE B D b oD ) 5 B
Numbers of observation 6(43%) 10 (42%) 6(67%)
(strong intensity)
SPEIRREE O )
e (mean) 0(0) 0(0) 1(11)
SRR EE LR ol 5 S
7 (weak intensity) 8(57) 15(EE) Bi)
I 35 1] 57 288 e
Mean intensity 9.1 89.9 95.1

VI. 3. 3 B BuEosH

A BREE O sk A 8 66 TR Lic, ZOMERTRO - 2o E 2 h 5,

(1) BRYUREIE i ERLE X0 F — ARBICIE~ TR X,

2) BRUHIR O BRI ECBER e R TR 2,

ZOHSOMFUIHEETH 555, Z b Ol TSR EITE MR b 2 h T 5
ZEHRTOREREELZ B LHTE B,

(8) 7T WMRMEEX B PMREE L OMBIRE L oL, Fo B RRE LHERS RO BGIL 7
BROBME Z130&E D2 Licy, Libv U B BERE & Higpas b : OB 55 66 Xits Lt 45 16
FIRT L, bARERET @D LRD,

A WUEREE & WESH & R EEbR B,

¥, BBHDICLD V- skt s 7 ¥y ollEnfThhis, ik VIL (o
HARD,

& 16 =
Table 16 Relation between f-Line Intensity and Topography

il I =] Hi I ) 1B b
Topography Highland Slope Lowland
HHi gt #
Numbers of observation 13 20 8
PR EE L s o ) 8 5
Numbers of observation 5(38%) 5(25%) 4(50%)
(strong intensity)
SFaa R BE o I A 5K
5 (mean) 1 1(5) 1(12)
SPHRREE LUT O ) 45 5%
v (weak intensity) 7 14(70) 3(38)
PR 3%, Bl YRR
Wishtir Wdensity 38.2 39.8 43.5
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VIL  HhsRAe2Er /e X 2 0%

VIL 1 BRI K H Az

VII. 1. 1 #

il

KINToWT, FORINDFEEE et B8ns, Yok s hiE R+ snvyis s &
L, b o0 K IIEHI BT A& AL T B DI KB Ch b, LLED LS
TR A, RSRCIEED SRR 5 ¥ N DM Tl T 5 & 2 13— Th B, BN
BHIERS L CCE BRI, ARG DERE L 58 e85 R, TOEFNINE TS
DAVTD | Ffe DI B H ARG, K X OUKIEMH IR o T, s ESEs
By U OIS SR L ZSE A e 0 & & B aLRE T A ORI A B S, KEUE
WL, X7 HE T S BRS04 % © LA — il cE 5 5% TH
BADONT0 - SEREA B T DIETHTE B ¥ Tl delobh R0\ T O R S, HIE
DEEK I OTE K 0 s B EFEMER S DTN A Ik g 5 © L BRIk = 28
%<, FRMPKORE S BESEYE LOKHED #8256, %< Ok U BEHL 2 Rk
@, ERPLEGDIBAVIRSINS Z 205\, BRSO SADELEL, TOR
TR 19544 9 H1Z 830°C THoT, £D L5 ERDO X ANKKIE X h R E L FEFICHE
HLUTWaERILL, HIEEAE LKA I OESHBATIWAMENE LA X, Lk
PRI IR & M M S L B it iliRe B = b D C & BHURIC 2072 L, SNE AR CE ot
& THOl,

HERALDIREE 830°C B FRICE L R WHIHich2> Tk b, Thbhb T s2WH
CAFELGERED L RS, SROWEIY A IKEEE X CHiiy A v &lr 2 LA TH
D, WESFLO MR RO LR B A0 HIED WG L C0 2 00580 b g, BESELD
EEEAME T 210 GEH KB R X O SR 7 A 25 A U Tk = hictlb v, BiRo
AL S5 X 5 @R 3 Ean {, WEFL 2 LB AWE 5 AR I3t X OBiless LI Lix
L5, 20X 5 KLY A DEES X OO M RIFCENE X 5 s AD
RN DFM o L 0 ThoT, BRI CHIEEREN BIFE Lo b 2HE O
FHEE S X OERE, S imifgmilla s U OBy e s iRec iz —8ind o thb b 5
EH %, HAORER X OO LR AT 5 2 s X 2T, BN LEFET s He >
WITDEEERE, et h b OREIERILC SO THL L AERIATHIA L X 5 & Ui,
IRFETILIO KIS A OFFFRIBHE S T2, BFERERTL B0,

VIL 1.2 & & 7

SEOELSILD 5 BT, bhbhidicl LLEEOHERT Db o0 (EdH 68 Ko
S, HERETIL O PRYEE K~ A3E s LT 1943~1945 450 K HIFEEC Lo T mE L)
DTHOC, ZOREECE L TEE V@ 2 BRI L oSN T hidE T 210
— ADFFEAT HEIC X o THL AR IR TS, SOThOEARDOBEL &
C AT S, Th b OZURTEED b B SRR S bR R T S R 2 T
DTDH EHEZ bRD, BRCEECERAT O TWARILoL 00k, OoThoH
PHREC LR B ECHS] LTw5, IS EERPEETTo7: 3 oOMsFL 9081, 9051 & X
963 1ITZD L 5 I LT TEI—DDHED RICEF] Licd DD7ehnh BAK LD TH S,

BSOS W TREIMESANE—FE & L e T s GEE B X 0,
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B ERES G T L ThoT, WRAOET HREMHHT AN AR I IHLLR TV L
LB Th B, LTI 27 AR, FASEESOHFEL COIRET 25T
DI ORI L VERERTHBDTHS 5o Tirb HEIREOHETIL TN AN HIRIIA
W A R E LT B O LT, ARIREE DRSS Tl A O 2 EIEASH S, A
xﬁ%%m%?%i%m%?%ﬁﬁﬂ%@mﬁ<,it%%@%ﬁ%ﬁtfﬂﬁ@ﬁﬁmﬁb
THAAART B FADESD IR, Lk > TREFETIREVLO LELD,

F e A0 TEILS A BB Y OHETln bR TR Y, BRI Thb oo T
i, MESILITBAMECEE F Sle—2 0 LB LinWEa» %\, HEFLI063 132D X 5
e h D, SREOERE X CEE Ol RO EC 16 cm REOR A > T2,

VIL 1.3 #=# o

WIS A OFILC S T2 TIXREE 10 mm, £ 2m OfEFO— A HSHAc e 5~
CYRCIBAL, MPRCE68RD X 5 el F A, FARME I 00100ml O 2 MY
HHE LTI,

AL

68K H = BB o B RE
Fig. 68 Sampling Method for Fumarolic Gas

RSO ECIE LTI F AR A e, 270kE, 8%, T vRITAZVE
BT B E DT 6O D X 5 IEH T AR T v T — AT Y —~ X ORI L, T
BHT S 2 LIk D HARBE|L, FAOKESEEDHKER, BT A, MRS AR
T ORHbARER T p Y RIS R T v 7 L O A P LRSI EA T,

TR, 1555, MR LOT Fvik X eEET 5 oo GRRE ¥ s RLRwiE ¥
— R O—E=E B AN, SEOKCED LB, Chied ARERL, Bl LEy A DAY
WO, ChekBESRLOT LD Y TR b 7 ADRFIOEEE X i & DRI LT 2
ORAFIIL LI,

7V%;7,%$U7A,%U?A,%»VWA,?f%V?A,%,7Wi=7A%IU
SRS R A AR T AR RS, WIS, iR Loy A0S bEF A DRIE LT
BT, e R AEE 0 MO X 5 il L, © hoRk TR LRk R, Tl
58 4 DRSO L, & OFIEC X uEKERO—, REyA, iy A, b
Kk X U B 7 v O F 5 = L AP R, WEOREREN AT s8R
r UCIERRCEIES 5 Ol e R 2 h & 4, SRR Hic L BB h s iR



118

FEOEOR 7Tz hize s R OREE
Fig. 69 Sampling Method for Unabsorbed Gas by Alkaline Solution.

M, FA%T AT ) RIS BT & Wi UGl oS B A T 5 E L b, =
& LUHBE S RITHEOEE ROk,

70 M EEMEmER
Fig. 70 Collecting Bottle for
Condensed Water.

VIL 1. 4 Hl% o #k

BE T A2 w F L BE Y — R LR
FEEEI LT L, 700°C 33 miiflic & U
T, R TN Lo, o7
A AN 2 R VBRI X B E X < —F Lo,
RER HBESRNTI\ T A O —3ha 75 2T &
TRECE D 2 AR L, FREEN X DR D
o e HSRARE DR L, L3 & Mg E T 100°C
HL@is b, 2 omEssmrnc i o rok e B L tkig©
EHAROMRIL L O & U, HEHEY 100ml o
BEE TIUT 788, ROl SRS T 5 F TS
Lice & U TR D7 k0B 2 IR Y < » b T
HIEL, Zh EEEEEAO» ADER L i bSO 5
R EIRFER & DB EREIEL Ui,
TLAYICRKENZIHR, BELLSTFOMBDOHR
HIFROBFID 2 gl o—sa 5 72X 0 X 5 75 A
EWMLITAC vy MEBSEL, KIRE TS S hie

HARH AL a Uy MR LT, £0 & EHEMRNCER LIk BEA T A 2 Uy MT
ﬁbfﬁﬂﬁéﬁv,mﬂﬂﬁX$®ﬁﬁmﬁ%&Em?5:&%ﬁvﬁoHlvy%oiﬂ
#B%ﬁ7~f@%ﬁﬁészEJVyb%ﬁ%b,%@a?@ﬁx@ﬁﬁ@ﬁy%?»h
VICEE D H AL Lz, THULIRERH? A, THERER T A ds X CMbKTREEL LD TH S,
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RE¥ L Vy bOEEAL YR v VIR E ML TE
2V PRIRBL, FAORROBRIELN-> TR L
L, B AEZZTOME Ui,

BB H R L UFERE HEF0.06 N OFRGE
VmE20ml LIEEEA (1: 1) lml ARTH AD—EEx
TSR LA, BB TR Tl U Ao ifiinh R X 2,
KTHFRLT A2 50ml 21, #0LEE25ml %
By, B 7 AKEREM L, £ UCHER-Y v 4
DETED LTSN A 25 Ui, WIE2ETHEY ©
25 ml WCIEREER S+ Y v A lg ML, JNEL CHEEs
FARERCAE 2, TO—TRICHER(102%) Sml &7 &
A=V yv (385%) 5ml k% Mk, 0.02N OJRFEFAHE
10ml &I 7%, oY 0.02N FA4§fikr +
Y 7 ATETRCREE LT kTR RO 7,

Tovd VIR R B A S SHEER S A % X Ok
KFEEB o, OB RERST A L Lic,

mE KRR (0.5%) W ADO—ERER ELL
#, KBRS U CIERY A 3 X o bkIEE0H
L, WHiERF b Vv s lg 2002, ML CHgEL o4
R 2, CheprE e ERc L CER L CiiiE ek

.J

L\bf:o

BRBE  BiTH 2 FIEECIROET X D F A KRR
L,k¥TWMﬂ%%mm@ﬁx&&EML§%,ﬁm EILE AAEavg b
BRYETIRAL S v v AR L, EUICHER ) v A D Figs 71 Gandbmrosthe

TR O R R

FFY 7 AEWHEY — X ORIEHE TRk LM, Fita e TillE L,

KEBE-TLIVELTRARY wHEy ~ ZOURRCR>eh A2 T2 vy ) F
=7 v F21-103 A BVES/HTRIR 3D & Al Ot L,

EE WY — X OBRGEDELANCEBRTC T AREL, ke LB L, ok
FE 25 ml wild~ v A vERA Y 0.5g ZUiR(1: 1) 10ml &%k, 304 HEE L CRD
MEBIERL, FEETHEZET AL, KMEh Y 0.5g % 0.1N BRI, LR L, ¥
i ARGER 0.2 N FFAiERF + U 7 AR CHE LT,

BE  H ARV L AHEY ~ X 2~5 ml 2 EZRFEE U, Bie kL,
TR FEERA TN 2 TSR 16 % NEOIERE E L, I SRERSEE S I 2 T 3R olf S 2 ik
FRE Uit 180~135°C, THEML, MIWKFEERTWEY — 4 B Lic, RO —z5
HEED, Scott HE(SA =24 « TYFY VED—D) L L b IMER L,

WE 5 AOEHK 10 ml WEHREFEY — X I~2 R %ML C7 A s v ine L, ik TE
FRGE L, MR (15 %) 1.5ml # Mz CHRERMC L, 2 %/ — A% Mz THEML, Mk
REFEY — £ 2REMATT v VT L, BT 2 2 -z U, ZHEE Lemihn
(15 %) TlEn LCT—RREC L, TOBMLAERLEOTH— ¢ v TRAE XY, HBIAF cibfss
=1L

 33) FURAELHENTESKEFHECRE L TOIBECHoT. MEHOMWHOMIs X 0S¥y
bR BEORAREMLC R 5,
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B 7Rk 5 ml RS Y — X SELRIRL, ¥ A O—EEbail L e ity
F 3y sk iz TET My v aRIERIL, IR 100ml &1, %0 5ml ST
Griess-Romijn ## Mz Ffo S e AR LT,

BB AR R RREEY ~ FERE G, F7 = =-a 7§ vEEER ML THEEE
Tt AHRHIT B Te T, BUHBURIEER 11 e & NE LT 40T TH D,

PoE=P 0.5N G5 ml i AO—EEwiE Uiy 100ml &L, Eofid
FEOFRT 7 AT CAN, By U R ML CERL, Y57 Y E =7 % 01N fifit 1 ml
o4y, Nessler BB CHREO S wHAER L,

HE AR S By — AR Lml A7 = e 7 s LR LB L,
B R TR TS b e A% TSI L, Wieh—Eic L, oSS > T50mlic
L, ##2(1:3) 0.3ml TV STV T v E= v AR 0%) 2ml wMX, BHELTISS
OB LB R (20 25) 4ml %0k, 24550 Lo BEonaiim  (RRIEmiER >+ U v
AETRC L, 2, 4T S 7 F T F—AAAT ¢ VEEREE LD ®) 2ml Hk PEsEE Uk,

M IR AR Tl O —E R R TR ) IAREE BN HER100ml ey 7
FUET v E=w L lg BELLERO 10ml ke e T0ml &L, AkK100ml e ¥
7 F Y HBHE 0.158 %16 LIHTED 1ml %2 4500k 100ml & Lic b )5 ml &A%
BaThT 15 DR, HAEIEEE L,

FFUDLBECHYTL INHFRTY AD—ERLEOLMEOELREYIRD, TV e
= 7 HKTHF Lot & v = 4~ — 52C BURCHERT & FIC BB L, £ OBSBREETT X
W7 v e =y ahEK E FEECRS X3 it i,

ANYOREETRY R DL FALWI LIy — A5 ml LRERTHRL, F
FRAERT b U U AVERR (10 %) 3§, 7 v4bA v v AFHE (10 %) 1 L UF0.45 N Bk
Y v AR Iml BHE, AV2¥d PRl L EDTA (Fl (0.1%) THEL TV
vy akRket, ThIC12N #Iml ZMATAV S $A FOLEEL, AN7vE=T
2ml #M% BBT %4tz LT EDTA /R (0.1%) THEREL TS 7/ % ¥ v ARDT

PSS =L F AR Li#i: v — X0 100 ml @ HSR1 0.2 ml Az, HEGELT
15ml L, #4773 bn Vv AR E5 %) 1ml &ME THEFAESE, =Fr=—7F
NZEET AT v — A 5 RORETECHAMHIREL, AR IT 7= e 7 =
7~ AEIEREEE LT ve=T7 (1 1) THRIL, RO Uk & 25 THERT T ) v AER
(4Tn)2ml BNz, 2F2Bml 2 L7437 VKK (0.2 %) 1ml 22 THREE R, 25
SRR MR R ER L,

B AT LAY — X5 ml I iifR (1:1) 0.2ml » FRPEEERER S b Y v AR
We(12) 0.3ml 2aimz CIEEL, 5oMBIRENERT T v v AEH (422) 2m]l & o
a’-F Y FAVRHE 0.2 %) T M x A% 10ml k LCeEE L,

WBRTE 7 ARMOFEERITHFEYIERT blodi, FE LSRR Y —HiE, 587
HIPEE LT, $h—alii o s R %) TSN L, EHARIIET, ST
I, BT RIT oM, Thick bR, 7 v E= -4 onHEEBRIB LA &
S oWT, b by v Ak UCEBRERESIR 2K D, Sh U CRE
BEiFoMk,

VIL1. 5 BlzofiE
WSSRILH Ao T OMEORERA 5 17 TR T, BRI T~ Ty A 2 ERERE (0°C,
760 mmHg) ®1m® & LAt FHRGONDLEL O TRDb LI,
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17 3% BAFUOESILY 2 oM (Hr = oEEREcsT 2
1m! w&Ehsiie LTRT) (195449 H)
Table 17 Vapour from Fumaroles on Showa-shinzan (Components
are indicated in 1,000 [ of original gas. (N. T. P.)

. LI ‘ 9081 L 9051 9063 o

- , a

f;‘emperatu%i c 760 525 220

: H:0 1 981 985 | 993
{ Gases ” 19 15 74

HOR

Among gases
Ig;/ai){kz{i\_gglséx‘éb?da'gZSZs ! ) 12.8 10.9 5.91
0, 1 0.032 0.027 0.013
o . 6.67 4.05 1.07

T A I I h B

Among by alkali absorbed gases !
CO, ! 12.1 10.7 | 5.36
SO, y 0.426 0.204 0.203 W EfT
H.S ” 0.0042 0.0225 0.575 ”

% DAl

Among others
H, 1 6.25 3.45 0.18 R Mk
N, ” 0.57 0.54 0.89 "
P » 0.00025 0.00066 »
SO, y 0.0049 0.0027 0.00063 | Zi% BT
S v 0.0021 0.001 | ”
CH, v 0.017 0.021 | BE
Rn 107 curie 1.3 2.1 12.6 4
Cl1 mg 593 342 351 HiI AR
F v 320 220 33 R EmE
B y 33 4 i
NO,-N y 0.0112 0.0007 0.0068 | i fEZ
PO;-P 7% 2.24 2.41 0.65 KiE EfT
NH;-N ” 1.04 0.65 13.4 a5 N
Na y 18.1 18.1 10.6 mE
K ” 12.5 8.87 1.36 v
Mg v 26.2 11.0 6.37 WE W
Ca v 3.78 3.53 1752 v
Si v 95 110 18 FHE OET
Fe v 1.08 0.973 4.74 i B2
Al y 12.2 11.3 1.05

7 AR OSITRIRIES 18 51, BROWSSILITNRE LR oo, §19K
Ems L

Lanl, 5190 R 6Es X OFRIKOAIYN:, BRawe L <k 53, SR
vr, Ea ORIFEMOESGHH TR LT\ %,
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# 18 & BEEAHOMERS (mg/) CREESHSHXs)

Table 18 Minor Components in Condensed Water from Fumarolic Gases

Notatioéj of fil;narois 9081 9051 2063
B e " 2291 185.5 67.5
Ni <(.01 0.0005~0.001 0.0005~0.001
Cu 0.02 ~0.05 0.02 ~0.05 0.003 ~0.005
Zn 0.4 ~0.7 0.3 ~0.5 0.01 ~0.03
Ge <0.01 0.002 ~0.004 0.0005~0.001
As 0.5 ~1.0 0.1 ~0.5 0.005 ~0.01
Mo JiE i i B Iz 7

trace trace trace

Ag 0.002~0.004 0.0005~0.001 <0.0001
Sn 0.02 ~0.04 0.005 ~0.008 0.001~0.,002
Sh <0.1 <0.01 <0.005
Pb 0.02 ~0.05 0.02 ~0.04 0.004 ~0.006
Bi <0.05 <0.005 <0.002

(by means of semi-quantitative spectrochemical analysis)

% 19 & BAHUEIILOFAENM oMK (EEY
Table 19 Sublimates over Fumaroles on Showa-shinzan (Sept. 1954)

S i

Notation of fumarole | 9102
S o | o °C
Temperature at outlet of 720 ‘ 730
Fumarole W SHLicis i 3 (& P25 o SR boT o IR ER
Locality of sublimates High temp. part. | low temp. part.
i | & B K
Colour of sublimate Black | Reddish gray
SiO, (%) 76.48 : 46.50
A1LO, B AL 24.09
Fe,0, 17.69 5.48
FeO 0.61 1.09
MgO 0.21 1.10
CaO 0.50 1.24
Na,O 0.33 5.76
K0 0.16 5.49
H.0 (—) 0.00 2l .
NH; 0.0082 0.018
Cl 0.00 0.00
As * 0.01 0.50
Zn * -— 0.25
Pb * 0.001 0.20
si £ 0.04 0.18
Sh * —_ 0.025
Cu * 0.005 0.012
Ag * 0.0002 0.005
Ge * 0.0015 0.005
Bi * — 0.002
* B B —
Ll trace

* SHSFIC X B

Spectro-chemical analysis
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Table 20 Variation Table of CI- Ion Concentration obtained by

Following Sampling Method from the Fumarole
No. 9101 on 14, Aug., 1955

) 2 " ® B .
Specimen Cr meft
TER A2 756
absorbed by NaOH Soln
I 800
absorbed by H;S0, Soln
i b 7k 800

condensed water

821 3% MBI O BRIL Y A E R

HABHIEER L a e, ¥AREMARER LcEE o

(F7 »~oEEREcsd 2 1m? c@&ihsEr LTxRT)

Table 21 Vapour from Fumaroles on Showa-shinzan (Components

are indicated in 1,000 [ of original gas. (N. T. P.)

Comparison for the components between the specimen which
was collected by gas-absorbant and the specimen as condensed water.

ﬁotatii of ?&marcﬁe 9081 9051 S
o
:‘lL‘Lemperature f/é 760 525 N

{ H.0 { 981 985 993
Gases 7 19 15 7

(A) (B) (A) (B) (A) (B)
Cl mg 593 830 342 490 351 687
F 4 320 350 220 200 33 21
Br 7 = 2.6 = 1.35 = 2.1
B ” 33 33 o= 25 4 4.7
NO,-N % 0.0112 — 0.0007 — 0.0068 —
PO,-P '/ 2.24 0.39 2.41 0.24 0.65 0.00
NH,;-N 4 1.04 1.58 0.65 1.05 13.4 5.60
Na v 18.1 S 18.1 = 10.6 —
K 4 12.5 Eas 8.87 = 1.36 i
Mg 7 26.5 2 11.0 3.0 6.37 6.0
Ca s 3.78 7.87 3.53 1.3 17.2 7.5
Si 1 95 51 110 40 18 23
Fe 4 1.08 11.7 0.973 1.83 4.74 10.6
Al 4 == 12 — 10 — 10
— BRHELT
(A) o ABHlc X 3 IR
(B) 7 =EiE7k

The symbol-means that the element was not determined, the (A) means

the specimen was collected by gas-absorbant, and the (B)
specimen was used as the condensed water of vapour.

means the



124

7sts, A ORI O S ERV IR >0k B,

I ADIERITERC & 0 Ry OB BT B REERIRE T 20, 1955458 B 14 AT
9101 HSEFLIZ D\ TH A% SEOHETHI L, HELEE LREL 820 RRT,

# 729081, 9051 Fs X 08 9063 MEEFLD 7 AT 2UT, WRIREE X BEFKIPHTEE & DR EA Mk
L2138 L,
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Fig. 72 Experiment by Randall and Bichowsky
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e 22 e
B (1) oFgiago RERE (1545
Table 22 Thermal Change of Equilibrium Constant caued by
the Chemical Reactive (1)

T°K log K, l T°K log K,
1,160 5.93 1,473 3.50
1,362 4.32 1,645 2.56
1,473 3.59 -:.
Ks=“£a”{’—}r
{HLYT{N.} T

YTk 104 ——o—mcem
[ =2 w
1 = 8

# 73 TaEoBE X 2EE (RiG 2)
Fig. 73 Experiment by Harrison and Kobe

e 23 =
it (2) o FgiEfoBELML (155
Table. 23 Thermal Change of Equilibrium Constant caused by the
Chemiced Reactive (2)

T°K log K, T°K log K,

300 2.7825 1,000 —3.2448
500 —0.5218 1,200 —3.7249
700 —2.0434 1,400 —4,0720
900 —2.9278 1,500 —4.2118

IREET2XE L UE 2R T ., G @) B LT Harrison 45X 0 Kobe!® »
7VvE=TERCE AERCESWIAENS D, ThERE 4Nk L O 23R T.

SR B0 G AETE, kDX 5 REIIEENE R T B T b I R DDA B i
& B
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Fig. 74 Model of the Dome

824 F (BRSO yA1m® o | B
Table 24 (Vapour from fumaroles on shOwa-shinzan, components

- . -

I%Iiotation O?Fumarol—feb 9081

i H o B E

Temperature at outle 760°C

of fumarole
H.0 98,
H, 6.2;
N, 5.7, %101
SO, 1.6,X10
S:H 9.6 <10
NH, 1.6<1073

are indicated in 1,000/ of original gas. (N. T.

9051

525°C

98;
3.4y
5.4, %1071
4.35;X10°
9.0 %10
1.04>10%3

%25 F WRILHRP T s PEEko BiE
Table 25 Calculation Value of Equilibrium Constant

at Outlet of Fumaroles

P)

9063

1.8 %10
8.9 x10*
6.3, %10
4,9 x107
2.1,%10"*

g = L -
Notation of Fumaroles log K,
9081 ' 4.56

90561 6.40

9063 11.68

J log K:

0.852
0.662
2.473

524 HOSHHHAHNGTKEB), @) WIS TEHELAE K, Ko #8255 Fiond,

2) SHmoparoE

FR AL O CE S RO HHE X B G 2 X D, w2~ AT S M ol
B, HEICE"Co PR EGIREO TR L L x5 40 Th B, UL 7) »h#E2
T, K, p=m<K, p=p: W3 Z:AE5E, Pi<P, BRI bcw, ThbBK, p=
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P A EECKT S 1SE P=1atm.) TOFMEEH L T5 L, L LEOREIESLL
DTH D LEMOEEHITHIT OMWE Latm, X D EWIZEES TR v 2ADE
FN) BT EREDRS 8D,

S0k 5 TR GRS s O30 LIEAE 2 S 2 Th B, 8826 RS T R TR .

® 26 #
Table 26

L=y = L M o o W B 7 A8 F g i BE o TR

Notation of Temperatule at The value of lower limit for theoretical
fumaroles outlet of fumaroles| temperature of equilibrium
B Q) K R5(2)
Reaction (1) Reaction (2)

9081 760°C ] 1,060°C 259°C

9051 525°C 837°C 242°C

9063 220°C 465°C 39°C

C OEAGREORRNE 21 3 2k, EBLORIRIKOWTL T TH D, TichbIhl]
ToORE T 1 EENTOEBEEFEINC LAl bl k 2REOTHRTH 2,

HARAY LD LWL L3, EBLORISTLHOOREAEK L0z o Tl
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Report on the Geological, Geophysical and Geochemical
Studies of Usu Voleano (Showa-Shinzan)

By

Tadahiro NEMOTO, Masami HAYAKAWA,
Kiyoshi TAKAHASHI and Shinya OANA

Abstract

Introduction

To expedite the natural steam utilization, it seems to be necessary to
study the geothermal problem fundamentally.

From this point of view, the survey of the underground structure of
‘“ Showa-Shinzan ”’ was carried out in four summer seasons from 1952 to
1955 by Geological, Geophysical and Technological Departments of the
Geological Survey of Japan, co-operated with the staffs of Nagoya Uni-
versity, Hokkaido University, Kydto University and Natural Science Mu-
seum. (see Appendix)

The results obtained from our observations are given in this joint
report, consisting of the following three parts.

The first (Chap. 2) is devoted to the geological studies of this volcano;
the second (Chap. 3~6) deals with the geophysical researches using gravi-
metric, seismic, magnetic and some other geophysical methods (thermo-
metric, electric and radioactive) ; the third (Chap. 7) describes the subject
of geochemistry. And, in the last chapter (Chap. 8}, some discussions are
tried about the geothermal problem applying the heat conductivity theory
for this volcano.

Finally, the writers must record their gratitude to Mr. T. Mitsuchi,
the former Director of Geological Survey of Japan, Dr. K. Iida, Prof. of
Nagoya Univ., the former Chief of Geophys. Dept. of Geological Survey
of Japan, Dr. T. Minakami, Prof. of Tokyo Univ. and Mr. M. Mimatsu,
the former Postmaster of Sobetsu Village (the northeastern foot of Usu
volcano) for their encouragements, valuable advices and helps in the
coure osf these studies.

Voleanology and Geology

Usu volcano being located at the north end of the Nasu volcanic zone,
is situated at the southwestern part of Hokkaids, Japan.

The volcano was caused by the subsidence of the Toya caldera in the
early alluvial age. At that time, the volcano formed the shape of a trun-
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cated cone, being crowned with a comparatively large crater.

After the construction of the main body, the volcano repeated many
eruptions of the belonide type and cryp’?o-dome type. Mt. Ousu and M_t.
Kousu, being central cones of the Usu volcano, were described as pseudo-
belonide type by H. Tanakadate. (Photo 1, 2)

The eruption of Usu which took place in 1910, is famous for the
upheaval of about 100 m on the shore line of Lake Toya, located on the
northern foot of the volcano. At the period, Mt. Yosomi-yama has been
formed as a roof-mountain being resulted by crypto-dome.

Six parastic cones developed around the volcanoes. Nishi-yama, Kom-
pira-yama, Nishimura-yama, Higashimaru-yama, Minami-yama and Byabu-
iwa, seem to be the roof-mountain uplifted by the intrusion of crypto-
dome. (Fig. 1, 2, 4)

Showa-shinzan (the new mountain formed in ‘‘ Showa period ", in Japa-
nese) which consists of a dome and a roof-mountain, has been formed by
the uplift of solidified magma during the present volcanic activity.

The present activity suddenly started attending with the severe local
earthquakes on Dec. 28, 1943. At that time, the volcanic activity con-
tinued about two years. To our opinion, the activity may be divided into
the following three stages: (Fig. 3)

(1) earthquake stage Dec., 1943 — June, 1944
(2) explosion stage June, 1944 — Oct., 1944
(3) dome-building stage  Nov., 1944 — Sept., 1945

In the first stage, the frequency of shock attained to 200 tremors per
day at the maximum. In April and May, the epicentre of the earth-
quakes shifted gradually northward from Yanagihara to Fukaba, in where
severe damages have been caused by the upheaval of the ground.

During the two former stages, the ground of the eastern foot of the
volcano was upheaved near Yanagihara and Fukaba. At the latter places,
the ontinuous upheaval of the ground resulted from the creation of a
roof-mountain at a rate of several decimeters per day, but some times
reached two meters. The destruction of railway, roads and houses, and
the devastation of cultivated fields have been caused by such uplifting
movement.

On June 23, 1944, the first explosion took place over the devastated
area at the eastern foot of Mt. Matsumoto-yama. The tremendous explo-
sion recorded over ten times until October of the same year, has opened
seven craters. In November, 1944, the peak of a pyramidal shape ap-
peared on the top of the roof-mountain. Tt was soon later ascertained

that the solidified lava commenced to uplift above the surface of the roof-
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mountain, being continued ten months. After a while, the lava mass
developed gradually into a dome with a steep slope on the west side.

M. Mimatsu, the postmaster of Sobetsu village, made excelleat
sketches of the morphological development of the newly forming dome
throughout the period of growth. (Fig. 3) In September, 1945, as the
final result of the present activity, there was formed a dome whose maxi-
mum height is 406.9m, and a roof-mountain whose elevation is about
250 m. An upheavel rate of the dome is 0.6 m per day in this period.

The topographical feature of the elevated area was surveyed in detail
by M. Kaneko using the plane table method in August, 1949, when the
activity ended and the land was settled.

The dome was thickly covered with Osaru bed which mainly consists
of volcanic ash. And, therefore, the rocks of the volcano and basement,
and the new lava forming the dome crop out only in several places at
the foot of the steep slope on the south and west sides.

The main products issued by the eruption are new lava and volcanic
ash. The lava is hyperthene dacite coataining plagioclase (An 50 +) and
hyperthene phenocryst, and is similar to the Ousu and Kousu dome lava
in the mineral composition.

Moreover, it is interesting to note that the new dome lava resembles
the Ousu and Kousu dome lava, and approaches to the average chemical
composition of Japanese granite as shown in Table 7. On the contrary,
the new lava differs from the somma lava of Usu volcano, which is com-
posed of andesitic basalt with or without olivine. But these three domes
seem to have been formed by the same volcanic process.

As already described, the dome lava is considered to be in state of
the solid or solid like viscous mass. The upheaval of the land, by which
the roof-mountain was constructed, suggests the solidified magma was
intruded into the rock layer underlying the uplifted area. Therefore, it
is assumed that solidified magma was injected repeatedly into the upper
earthcrust from the lower magma reservoir, following the seismic move-
ment during the present activity.

Owing to solid-like-state of the lava, magmatic differentiation can
hardly be occurred on the intruded magma. It is, therefore, reasoaable
to consider that acidic magma was produced by re-melt of the granitic
rock forming the wall of the reservoir.

Geophysical Studies

1. Gravity Survey

In order to obtain data that might clarify the general underground
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structure of Showa-shinzan, gravity surveys were conducted at the eastern
part of Usu volcano.

For the present survey, the North American gravimeter imported from
U.S. A. in August 1949 was used. This intrument has a high degree of
accuracy of some 0.01 milligals. Gravity readings were taken at more
than 260 widely distributed stations, about 60 of which were located
within the roof-mountain and the remainder around this new volcano.
The distribution of these stations is shown in Fig. 5.

Table 3 shows the gravity values obtained by substracting the drift
and tide effects from the measured gravity values. The Bouguer ano-
malies denoted in Fig. 5 (by contour lines) were derived from these
gravity values, and the process of computation is also shown in Table 3.

For the determination of Bouguer anomalies it was necessary to
establish a value for the mean density of this survey area. The relation
between elevation and gravity was used for this purpose. The decrease
in gravity values due to elevation is shown in Fig. 6. From this relation,
a mean density of 2.0 was found in Showa-shinzan and its vicinity, using
the formula g = (0.3086-0.04185 p) Hm gal/m, and then, the Bouguer ano-
malies were established on the basis of this mean density.

According to these results, there seem to exist several gravity anoma-
lies in this area. Therefore, we thought, it was more necessary to ascertain
both topographical correction and the vertical gradient of gravity.

(1) There are comparatively large differences of heights in this area,
so that the wrong estimation of density will cause the unevitable error in
topographical corrections. In considering of this fact, the density distribu-
tions in this field were treated in detail. We already obtained the value
of 2.0 as a mean density, but judging from the fluctuations of plotted
points between A, B two lines in Fig. 6, some density variations can easily
be found in this area.

Being calculated the areal density values from Fig. 6 by means of the
least square method, we obtained the result of density distribution in this
area. (in Table 5) We compared them with the density values obtained
from rock samples. (Table 4) The results seem to be almost similar.

Strictly speaking, we must calculate again here topographic effects,
using each density value, but to connect each block (10 blocks) continu-
ously is the difficult work in fact. So that, the result of Bouguer anomalies
obtained from the above mentioned phenomena, must be interpreted at
present, considering these density distributions.

(2) On the other hand, A(%Z{) was studied. The vertical gradient
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of gravity is usually taken to be 3086x 10" c.g.s., and the free-air reduc-
tions of gravity values are calculated almost by use of this numerical
value. But precisely, this value is never a constant throughout the sur-
veyed area, and varies from place to place in accordance with the varia-
tion in gravity value itself.

Prof. Ch. Tsuboi introduced a convenient formula, using Bessel Fourier
series.

Denote the Bouguer anomaly at point O by Aglo), and let the aver-
age of Bouguer anomaly taken over the whole azimuth O along a circle
r=R, drawn around the origin O denoted by Ag(R). Then the vertical
gradient of gravity at point O is expressed in the following formula

by Ch. Tsuboi.

08\ __ r1ag0)—ngR) 4 (“1ogl0)— gl
A< 0z )(»— = R + SR 7 dr]

This formula was used in our calculation, and we obtained the results
as shown in Table 6. Seeing these results, the differences of these
amounts can never be overlooked. When ¢=1.75 or 2.0 is assumed, the

resultz seem to be reasonable. (Fig. 7) Then, using the value of A(%ii)

the value of Agy +A ) H shown in Fig. 8 was calculated.
0 0z

Introducing the above-stated two calculated results, we obtained the
following reliable results.

1. The gravity anomaly in the northwestern part of the surveying
area is larger than that in the southeastern part, and the values near
the Usu-somma are greater than anywhere in this area.

2. Among our surveying area, the anomaly at the dome of Showa-
shinzan is the largest one.

3. A high gravity is also found at Yosomi-yama and Matsumoto-
yama.*

4. A clear high gravity zone in the north-south direction at the
southern part of the roof-mountain is ascertained.

The abnormal large anomaly at the dome (spine) has been considered
not only due to the presence of the excess mass of this dome, but also to
the effect of another extended underground greater mass.

On the other hand, the high gravity zone at the southern part of
the roof-mountain is just at the gradual uplifted zone, and this anomalous
zone of gravity is considered to be caused by the solidified magmatic

* These mountains have been believed as crypto-domes.
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mass, which had been derived just before the extrusion process of the
new dome. (Showa-shinzan) .

The seismic or the magnetic survey was also carried out to check
and obtain the more detailed data.

2. Seismic Survey

This part of the report describes in detail the results of the seismic
surveys.

As great differences in gravity were observed over the dome (spine)
and its southern zone, it may be evident that the observed gravity ano-
malies are entirely not due to the surface geological condition, but are
largely depended on the regional underground magmatic effects.

The seismic method was used at the selected places for the purpose
of confirming the gravity results, and also determining their underground
geological structures and the geothermal circumstances of this area. How-
ever, it is not so easy to perform such survey due to the presence of
many unknown factors. Therefore, at first, we must examine the velocity
differences among several volcanic rocks, ashes and pumices, etc. and
also consider their changes caused by the physical properties* of volcanic
rocks and the parent magma.

Considering these difficult elements, the seismic surveys have been
carried out. The seismic method usually employed for oil or coal pro-
blems is merely reflection or refraction method. However, these methods
have some difficulties for the present purposes. Therefore, we used not
only the usual reflection and refraction methods, but also another possible
methods using S-wave and amplitude attenuation due to the viscosity, or
laboratory experiments determining physical properties, etc. The result
of these surveys is described in the following.

At first, we tried the preliminary experiments (both field and laboratory)
examining the possibility of velocity difference. The distinct velocity
differences among many kinds of rocks were found by our preliminary
survey.

To apply the refraction method, four traverse lines and two loop
lines surrounding the dome (spine) were set, and 17 shot holes were drilled
approximately two or three meters deep. More than 130 geophone stations
were spaced at 25 or 50 m intervals. (see Fig. 10)

The charges of dynamite mostly between 1kg and 10 kg — for near
and far geophones respectively — were exploded under the bottom of the
shot holes.

* Pressure, temperature, viscosity, porosity and water content, etc,
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Next, for the reflection purpose, one traverse line was set just at the
southern part of the dome (spine) and two shot holes were drilled. 12
geophone stations were spaced at 26 m intervals. (see Fig. 10)

Total lengths of these seven lines reach more than 5km, and about
180 kg of dynamites were charged, and carried out more than 40 times.
The details are seen in the Table 7.

The equipment used was the ‘' Seismic Service Corporation seis-
mograph’” of U.S. A. and the test oscillator made in G. S. Japan.

During the course of the survey, experimental shots were exploded at
some places to determine the characteristic velocities of the known rocks.

On the other hand, we tried velocity measurements in the laboratory
by using supersonic wave. (Fig. 21)

The schema of the seismic field operation (Table 7) and seismic records
(Fig. 11) are summarized in the Table 8. From these records, time dis-
tance curves were plotted, which is shown in Figs. 12~20 and velocity
values were obtained. (Table 9)

Furthermore, we measured the elastic and viscous properties of the
new lava at the elevated temperature. This result is shown in Fig. 22.

The inner constructions of the dome and the underground structure
at and near Showa-shinzan calculated from the above data are described
in the following.

1st and 2nd lines (the circular loop surrounding dome)

Strictly speaking, the travel time curve of P assumed within dome
may be concave innerward, that is, the apparent surface speed increases
with the epicentral distance.® This indicates that their paths do not fol-
low the dome’s surface, but the speed of seismic waves increases follow-
ing with depth (distance from the surface) in the dome. However, the
curvature of the path is very small, therefore practically, the curve may
be assumed as the straight lines.

Thereafter, dividing the distances by arriving times, we obtained the
velocity distributions in the dome as shown in Figs. 14, 15, by which the
velocities at the innerpart of the dome were calculated as more than
3km/sec and nearly 4km/sec. On the other hand, the velocity of longi-
tudinal elastic wave transmitting in the new lava specimen has been
determined from the transmission times of ultrasonic impulse (50~300kc),
through them at the ordinary temperature and pressure. (Fig. 21) From
this experiment, the value of velocity as 2.5 km/sec was obtained. In any-
where, except the place in where this specimen was collected, the velocity
between the field data and results obtained by laboratory experiments

¥ Shot-detector distance along surface.
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shows very good correspondence, but we recognized this large difference
in velocity between the field and experimental data at dome.

To solve this reason, we tried another laboratory experiment, that is
the measurements of elasticity and viscosity at the elevated temperature.
From this experiment, a notable result was obtained as will be seen in
Fig. 22.

Young’s modulus of this rock increases surprisingly accompanied with
the rise in temperature until it begins to decrease at nearly 900°C, where
the viscous flow begins to appear, too. This tendency of elasticity is
similar to the results concerning the amorphous silica or lava flow poured
out from the Oo-shima volcano 1950. (Ref. Fig. 22)

The velocity Vp of longitudinal wave transmitted through a material
is related to the density and the elastic constants of material, according

to the following equation V, = 1/-'H;Jzﬂ = 1/ !&%2")

, 0 being the

density.
If we assume here the value of Poisson’s ratio equals to 0.25, these
. /OB E 7
equations become V, = 063 p Of course, there are some questions on

this assumption, but this error may be not so much great until the viscous
flow begins.

The value of Young’s modulus in the high temperature (about 800 ~
9007C) is about the twice of the value in the room temperature. There-
fore, the velocity in the high temperature becomes 1.4 ~ 1.5 times, com-
paring with the room temperature conditions, if the density keeps its
value during these stages. In other words, the velocity changes from
2.4 km/sec (room temperature) to 4 km/sec. (800 ~ 900°C)

In reality, the high velocity (4.0km/sec) was found at the southwest
steeped slope of the dome, in where the temperature was very high
(800°C). Considering these ideas, the inner part of the dome is considered
to be in the high temperature condition. Furthermore, calculating from
Figs. 14, 15, the inner velocity distribution of the dome becomes like in
Fig. 23, and from this figure, it should be stated here that the center of
high velocity parts does not coincide with that of the topographic center
of the dome. In the gravity pattern, the high gravity center within the
dome is not coincide with that of topographic center, too. (Fig. 75)

Next, to confirm these results, another method was used. We can
calculate the elastic constants by combining the velocities of longitudinal

and transverse waves. In this area®, S-wave phases in some records

* We can easily prove that these phases correspond to S-waves by referring
Figs. 24, 25.
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obtained by means of 3-component seismograph were found. Then we
could calculate the Young’s modulus distributions in the dome by applying
this method. This result is shown in Table 9. Comparing this result
with the laboratory measurement, a good correspondence between them is
found.

Furthermore, concerning the amplitudes on seismic records, some
good records were obtained in the case of distant shot detector distances
rather than near places. (Fig. 11) One of the reason perhaps will depend
on the viscosity decreasing of the inner part of the dome. As will be
seen from the experiment, (Fig. 22) the viscosity of the new lava speci-
men decreases toward the high temperature. From the theoretical study
on solid viscosity, it is well known that the energy loss of seismic wave
transmitting such a medium (viscosity small) is not so large.

3rd line (on the roof-mountain)

On the roof-mountain, we set a short traverse line. (3256m) Ac-
cording to the seismic interpretation using the time distance method
(curve Fig. 16), two layers were obtained —the top layer, which has a
velocity of 0.7 km/sec and a thickness of approximately 50 ~60m, cor-
responds to the weathering sediments and, on the other hand, the second
layer has a velocity of approximately 1.7km/sec and corresponds to the
““Rusutsu ”’ tuff sediments.

Furthermore, two reflection phases were detected. (Fig. 11, 16) One
of them corresponds to the underground downward extension of the dome,
and the other the basement rock.

By combining these refraction and reflection analysis, we obtained the
underground structure like Fig. 26.

4 th line (the steep slope on the southern side of the dome)

On the steep slope side, at just southern part of the dome, we tried
a reflection field experiment. Fortunately, some very distinct after-phases
were obtained by this field work. (Fig. 11 (5))

These phases were studied in detail by considering the following
elements such as times elapsed from the shot moments, pattern (unifor-
mity of the phases) and amplitude attenuation with respect to shot detector
distances, and frequencies, etc. As the result of this research, we could
find the phases as reflection ones.

Generally, in reflection survey, linear increases of speed with depth
are assumed in the usual calculation, but this assumption is not consi-
dered very suitable for our case, so that, we calculated them as the con-
stant wave velocity at any depths.

In our case, two underground discontinuities have been definitely
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recognized as reflections of seismic waves. (Fig. 11 (5), 17, 27) At these
boundaries, P waves may be reflected both as P and S, but the pre-
dominant phases in our records are P-P reflection waves, One of the
main reasons that we could distinguish the reflected impulses so clearly
is considered to be due to the conspicuous differences in velocity or
elasticity between the subterranean structures. From this result we could
find the underground downward extension of the dome. Combining the
result obtained by the 5th traverse line which is crossing the present
line, this underground extension is evidently clarified.

Moreover, another reflection phases appeared successively after the
above-stated reflection phases. Calculating the depth and inclination of
the reflection faces, it seems to correspond to both the underground exten-
sion of the dome (lower side) and basement.

5th line (the southern part of the roof-mountain (NW-SE direction))

The seismic interpretation using refraction shows two layers over-
lying the basement. The top layers, which has a velocity of 0.6 ~
0.7km/sec and a thickness of approximately 50 m, corresponds to the
weathering sediments. The second layer has a velocity of approximately
1.7 km/sec and corresponds to the ‘' Rusutsu’’ tuff sediments.

Furthermore, by combining reflection records to the above refraction
data, we could obtain deeper structures.

At a depth of 170m on the No. 63 in the line, this velocity 1.7 km/sec
changes to 3.7km/sec (the slopes of both sides are about 40°) and this
velocity change may due to the magmatic mass intruding through the
latter layer. (Figs. 11 (5, 6), 18, 29) This crypto-dome figure is thought
to be the downward extension of the dome. The present result shows
complete correspondency with that of the 4 th line.

Moreover, we could obtain another layer by combining reflection (2)
and after-phase refraction (3 ).

This layer corresponds to the basement which was already described
in the 3rd and 4 th lines.

6th and 7th lines (1km south of the roof-rmountain}

These two traverse lines cross with the gravity high zone. (maximum
topographic upheaval) (Fig. 83) The seismic interpretation (refraction)
shows three layers overlying the basement. (Figs. 11 (7, 8), 19, 20,
31, 32)

The top layer, which has a velocity of 0.6 ~ 0.7 km/sec and a thick-
ness of about 50m, corresponds to the weathering layer. The second
layer has a velocity of approximately 1.7 km/sec and corresponds to the
“Rusutsu” tuff and similar tuff sediments. And the 3rd layer has a
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velecity of 2.2 ~2.4km/sec and perhaps corresponds to the Tertiary sand-
stone {or shale). Of course, the distinction in velocity between the
Tertiary sandstone (or shale) and ‘' Takinouye” lava, is not found, be-
cause there is no Takinouye lava in this neighbourhood. The boundary
between 1.7 km/sec and 2.4 km/sec layers is almost flat, but slightly dips
easterly at about 10 degrees between shot point I and III. (This boundary
was proved by reflection phases, too) (marked ““(1)” in Figs. 11 (7],
20, 32)

On the other hand, furthermore, at the western edge of this tra-
verse line, regionally there appear two high velocity parts. Seeing from
the time distance curve, they are 3.7 ~4km/sec. Moreover, there are
another reflection and the second phase inpulses in the record. (marked
““(2)” in Figs. 11 (7) 20, 32) Considering these circumstances and cal-
culating them, a reasonable analysis was obtained, which is shown in
Fig. 32.

Judging from both time distance curves and their corresponding analy-
sed section, we can understand much possibilities that there are an under-
ground extrusion of the solid magmatic mass. Considering its velocity, we
can also imagine that this underground magmatic mass is yet under the
high temperature condition at present.

If this assumption is right, this mass may correspond to the under-
ground extension of the dome.

On® the other hand we can distinguish another 4 km/sec portion on
the same part of the above-mentioned area. (in Fig. 20) After calcula-
tions and discussions in detail, we found this velocity portion corresponds
with the outcrop of Usu somma lava.

Of course, there is an only slight difference between these two high
velocities, but we can separate them completely on the record.

By the way, Prof. Y. Kato also conducted formerly seismic survey
at Showa-shinzan just after the recent activity finished. Combining his
results with our ones, we can confirm still more that the dome struc-
ture must exist somewhere deeper below the gradual uplifted zone near
Yanagihara.

The seismic survey of this area has made it possible to confirm not
only the tendency of the observed gravity values at the dome area, but
also the general tendency of gravity value NW-high, SE-low. As the
result, we can sketch an underground structure like Fig. 33.

3. Magnetic Survey

Before and after the present volcanic activity, geomagnetic surveys
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already have been very often conducted in this place and its adjacent area
by many investigators. The results of their surveys are condensed in the
table. (see p. 12)

As will be seen from this table, some investigators found marked
changes in the geomagnetic field at the upheaved area. But no magnetic
survey was done later, so that, the present geothermal investigation
offered a good oppcrtunity for us to conduct the magnetic survey in
detail.

This time, the magnetic survey was carried out at the northeastern
part of Mt. Usu including Showa-shinzan. The particular attention of
topographic correction must be paid to the magnetic survey in this case,
because the temperature effect may play a greatrole in this survey results.
By combining the results of seismic survey, the inner temperature condi-
tion of the dome may be presumed from this magnetic temperature effect.
In this case, the difference of magnetic properties among the rocks with-
in this surveyed area is a great problem.

Considering these points, some experiments on the magnetic pro-
perties of rocks were carried out. This chapter consists of the follow-
ing parts.

(1) Magnetic properties of new volcanic ejecta.

(2) Topographic correction and temperature effect.

(3) Method, results and its interpretation, of magnetic survey.

(1) The specific magnetic susceptibility, the intensity and direction
of the natural remanent magnetization and the thermo remanent magne-
tization were experimentally examined for the purpose of helping inter-
pretation of the survey results. The experiment was carried out by
using the ballistic method for measuring susceptibility and T.R.M. (thermo
remanent magnetism), and magnetometer method for measuring N.R.M.
(natural remanent magnetism). Their details and the method of observa-

X3

tion are described in ‘‘ rock magnetism ’’ written by T. Nagata.

Some of the rock specimens examined in the present study were
collected from the new lava dome, while there were hesides another vol-
canic ejecta from the somma lava of Mt. Usu, etc.. Localities of these
rocks and the results obtained by these experiments are shown in Tables
11 ~ 13 and Figs. 5 ~ 37.

The results of experiments are as follows :

i) From the petrological (Chap. 2, and chemical data (Chap. 7), we already

expected the rocks of Showa-shinzan have an intensive magnetic character

like the usual acidic rocks. The results of the present experiments proved

its rightness of this presumption
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The specific susceptibilities are about 0.5x107 e.m.u./g in average and

concerning their magnetic intensities, the somma lava of Mt. Usu is the
strongest, the new lava and Takinouye lava follow it in succession. And the
susceptibility of the somma lava is about twice of the following lava.
(ii) As to the direction of the natural remaneni magnetization, it may be
concluded that the direction of natural remanent magnetization of the new
lava and somma ejecta well agrees with that of the geomagnetic field, while
the reverse phenomenon is recognized in Takinouye lava.

The intensity of N.R. M. is much larger compared with that induced by
the earth’s magnetic force.

(iii) However, judging from the results obtained by T.R.M., the magnetic
characteristics of N, R. M. of all above-mentioned specimens are considered to

be normal.
(iv) The curie points of 3 kinds specimens of rocks are observed to be

nearly 560°C.

v) Samples obtained at the roof-mountain, in where the ground began to
rise rapidly accompanying with the formation of numerous cracks and fissures
on the surface, were altered by the volcanic heat or vapour, and showed very
irregular magnetic characteristics.

{2) Next, before applying these data obtained in the laboratory to
the interpretation of the survey results, we calculated the topographic
effects and thermal influence by using some reasonable models.

Those experimental results are shown in Figs. 38 ~ 49, and then we
explained the magnetic field method, its results and interpretation in the
following.

Two instruments were used for the survey. One of them is Schmidt
type vertical magnetometer, and the other is E.R.I. type dip circle.

The magnetic measurement (vertical) was made at more than 180
widely distributed stations by using gravity and seismic survey stations.
The dip was mainly measured on the dome. (32 points) The distribu-
tion of these stations is shown in Figs. 50 ~ 54.

Fig. 50 shows magnetic contours obtained by the vertical intensity
survey. In order to obtain more precise pattern near the dome, roof-
mountain and Yosomi-yama, their results are enlarged in Fig. 51. Ac-
cording to these results, the magnetic anomalies are large around the
dome, Yosomi-yama and Yanagihara. By applying the experimental or
calculation data concerning topographic effects, etc. to these results, some
indications are obtained as follows :

i} What strikes us most forcibly in connection with the results obtained
from Figs. 50, 51, b4, 55, 56 & 57 is that the value of vertical magnetic com-
ponent at the dome is rather small compared with that of the adjacent

area, and the dip observation also shows very weak value there, (Fig. 55)
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(On the contrary, at the Ousu dome where is already cold, we obtained the

strong dip value (Fig. 55b))

Judging from these data, we can presume that the northern part of the
dome spine is not magnetized, because there may be under the higher
temperature condition than Curie point.

This assumption does not contradict with the results obtained by gravity
and seismic survey, and if these observed values were caused by the tempera-
ture effect mainly prevailed in the subterranean rocks, the magnetic change
with respect to time should be observed hereafter as well as in the case of
seismic survey.

(ii) Next, there appears an appreciable magnetic anomaly at Yosomi-yama,

(Figs. 51, 56, 58 & 59)

Since we have no data of the laboratory experiment at this place, it is
not possible to decide whether this magnetic anomaly depends on the subter-
ranean mass or the topographic effect, But, there are some evident results
which were not solved by only the topographic effect. (Fig. 58) (Although
no direct measurements of underground magnetic samples at Yosomi-yama
have been obtained)

(iii) At last, at the southern part of the roof-mountain, we found an obvious

magnetic anomalous zone in N-S direction. (Figs. 50, 52, 59)

But, the topographic effects caused by the somma of Mt. Usu reach to a
considerable quantity. Therefore, we can not decide whether this anomaly
is caused by the topographic elements or by the subterranean magmatic
mass. In spite of these considerations, we can not deny at least the super-
position of the mass effect on the topographic effect.

Generally speaking, it is rather difficult to calculate clearly the under-
grouna structure in volcanic regions by only magnetic survey because of
the topographic effect.

Anyway, in order to obtain more precise knowledge of the under-
ground magmatic structure, it is desirable to continue such magnetic
surveys at the same observation stations in future.

4, Temperature Measurement, Electrical Prospecting and Radioactive Survey

For the purpose of studying the near surface physical phenomena, we
made some geophysical surveys by means of temperature measurement,
electrical and radioactive prospecting.

Temperature measurement

The temperature measurement was conducted one meter under the
earth’s surface by using chiefly gravity survey stations at the roof-moun-
tain and its southern part where we can see some vapour fumaroles.

As the result of this measurement, higher subterranean temperature
zones were found on the roof-mountain which extend from the center of

the dome to the surrounding fumarole zones. (Fig. 60)
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A high temperature area was found at the southwestern part of the
roof-mountain. This anomaly seems correspond to the area where ap-
pear many various newly occurred crack and fissured spot caused by the
land upheaval at the beginning of June, 1944.

On the other hand, Takahashi, (details are explained in geochemical
study) Sakuma and Murase made temperature measurements by using
Pt-Pt Rh thermojunction. Sakuma’s result is shown in Fig. 61.

The surface of the dome is largely covered by thick layers (about
30m in average by the seismic data (Ref. seismic survey!, of clayey
materials, which are commonly sintered into the reddish-brown brick-like
substance by means of the heat emanation emitted from the new lava.
Sometimes tuffaceous sediments covering the new lava are also found.
From these reasons, exposures of the new lava are limited to a narrow
area, and the best outcrop is found on the western precipice.

But, on the northern half part of the dome, we can observe some
groups of fissure arranging an echelon type, which are under high tempera-
ture conditions, and the temperature measured at this place reached as
high as 813°C, however, the usual range was 500 ~ 700°C. (Fig. 61)

These results do not contradict with that of the seismic or magnetic
data. Judging from these data, we can presume that the interior of the
northern half part of the dome is being under some hundreds high
temperature condition. But, comparing the temperature data obtained
by the present survey with that of the period of activity, we can
recognize a temperature decreasing tendency, but in low rate. (1,000°C —
800 C)

Considering the geothermal problem, it is very desirable to discuss
the heat conditions of the dome from the standpoint of heat conductivity,
or convective transmissions.

As to these problems, discussions are done in the last part of this
report.

Electrical prospecting

In the Geological Survey, some staffs obtained the interesting results
at the rock alteration zone in Kyflishii by means of S.P. and Resistivity,
but at Showa-shinzan, we can not find such a high grade rock alteration
area. Therefore, at this time, only preliminary electrical field experi-
ment was conducted by Wenner’s method.

Along with our survey, K. Yamaguchi who is a staff of the Geologi-
cal Survey of Hokkaido carried out the prospecting by S. P. and Resisti-
vity, and found there an interesting result at the southwestern part of

the dome (roof-mountain), where we already described in the previous
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section. (temperature measurement)

The main purpose of this experiment is to know the subterranean
electrical characteristics.

This experiment was conducted at two areas. One of them is on
the roof-mountain, and the other is 1km south of the roof-mountain
where we can not observe any upheaval. The result is shown in Fig. 62.

As will be seen from this result, the former (on the roof-mountain)
shows 1 ~ 2 ke-cm, namely very low resistivity, while the latter indicates
rather high resistivity. By assuming that the porosity increases due to
the upheaval and filtration of underground water, the low resistivity
phenomenon may be explained.

Although it is impossible to presume the subterranean electrical
structure by only the present experiment. we can at least deny the
existence of substance having high resistivity like andesite at the shallow
part the roof-mountain.

Radioactive survey

Recently, some special instruments of recording radiation have been
developed, but we had not them at present survey. Therefore, we used
two types of conventional counter.

One of them is “ Toshiba” type C-258 & r counter (natural count

’

7, 100 cpm), and the other is ‘‘ Beckman’ type MX-5 survey meter (3, »
counter) by using receivers. (RCL-Model-20# natural count 30 cpm)

The radioactive survey was conducted at Showa-shinzan and its sur-
rounding areas for the purpose of obtaining the radioactive characteristics
of the surface rocks constructing Showa-shinzan and the somma of Usu
valcano. At each station, y-counters were measured per 5 minutes, while
B-counters were measured per 3 minutes.

Distribution of y-emission

The result of this observation is shown in Fig. 63. Fig. 64 points
out the result of the “ Roof-mountain’ area. Before considering the
result of y-emission pattern, we investigated the relation between 7-emis-
sion-intensity, temperature and topography effect.

As will be seen in Fig. 65, the intensity of r-emission is proportional
to the temperature increasing up to 60 C. On the other hand, the in-
tensity increases very often at a valley as shown in Table 15.

Now, from the 7-emission distribution map, some notable results
were clarified.

(i) At the north or northwestern part of Showa-shinzan, there exists
a comparative large anomalous zone.

(ii) The intensity of y-emission at the southern part of Showa-
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shinzan is very complicated compared with that of the northern part.

(iii) The average (mean) value of y-emission on the “ roof-moun-
tain > including the dome spine is fairly larger than anywhere.

As to the phenomenon by (i), it may depend somewhat on the fault
effect extending NW-SE direction from Showa-shinzan, and there seems
no affect by the rock distribution.

Concerning the (ii) problem, the interpretation seems to be very
difficult, but we can not completely deny the effect by the subterranean
mass distribution.

The last result (iii) may mainly due to the thermal and topographic
effects already described above.

Distribution of S-emission

The result of the observation is shown in Fig. 66. From this pattern,
some results are obtained as follows.

3

(i) The pB-emission intensity on “ Roof-mountain ”’ including the
dome spine is slightly larger than anywhere.

(ii) There is specially a large anomalous area in the surrounding
of ' Roof-mountain.”

44ii)  Although mnot only the correlation between and B emission
distributions, but also the correlation between the [-emission intensity
and temperature distribution are not obvious (Tab. 16), there are some-
what relations between the B-emission intensity and topographic change.
{Table 16)

As to the (ii) problem, its interpretation is very difficult, but there
are some possibilities of radioactive emission from the underground. There
seems to be no relation between the intensity of B-emission and the pre-
sent fumarole existence.

Besides these field experiments, some chemical studies on radon or
a-emission on the dome were performed and this result is shown in
geochemical study.

Combining the present results and that of chemical experiments, we

can obtain some data on the mechanism of Showa-shinzan.

Geochemical Study

(1) On the vapour from fumaroles of Showa-shinzan

The direct purpuse of the study is to conclude the nature of sub-
stances come from magma, using the materials actually available. On
Showa-shinzan, there are many fumaroles, whose temperature varies in
rather wide range. The maximum temperature was 830 C in Sept. 1954.
The nature of substances pouring out from fumaroles also varies due to
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their temperatures: High temperature fumaroles are characterized by black,.
reddish brown or grey sublimates, And their vapour contains the ap--
preciable amount of hydrogen and sulfur dioxide. On the contrary, low
temperature fumaroles lack such sublimates. In vapour, hydrogen and
sulfur dioxide diminish and hydrogen sulfide appears instead of them.

Many fumaroles are situated in lines along cracks, which were formed
between the central dome and roof-mountain by the growth of the former
over the latter in 1943-5. The observed temperature of vapour may be
determined by the cooling conditions (flowing velocity of vapour etc.) on
the way from magma to each fumarole.

Volatile components of magma are water, hydrogen, nitrogen, carbon
dioxide, sulfur dioxide, hydrogen sulfide, methane, radon, chlorine, bromine,
fluorine, ammonia, nitrous acid, phosphoric acid, boric acid, silicon,
sodium, potassium, magnesium, calcium, aluminium, iron, nickel, copper,.
zinc, germanium, arsenic, molybden, silver, tin, antimony, lead, bismuth
and radium etc.

Hydrogen and sulfur dioxide are two main components in high tempe-
rature fumarole gases and diminish with the falling vapour temperature
to make hydrogen sulfide. Its mechanism is discussed in the following
(2) by Matsuo, Ando, Nakai and Oana.

With the fall of vapour temperature, silicon, sodium, potassium,
magnesium, calcium, aluminium, iron and other heavy metal elements are
deposited in the path of vapour. This phenomenon is shown by the com-
position of sublimates over fumaroles. Radium may be obtained also in
the same manner as these components. The concentration of radon is.
markedly higher in low temperature fumarole gases than in high ones.
In the low temperature fumaroles, radium emitted from magma may be
absorbed and concentrated on surfaces of soil substances and detrital
material on the crack of wall rock which forms the path of vapour. The
main part of radon in low temperature fumarole gases may be the
emanation products of this radium.

(2) On the equilibrium conditions of volcanic gases emitted from
the fumaroles of Showa-shinzan.

Gas analyses of the volcanic gases emitted from the fumaroles of
Showa-shinzan show that the content of each gas component is quite
different from the outlet temperature of fumaroles. For instance, at
higher temperature fumaroles, the emitted gas shows comparatively high
content of hydrogen and sulfur dioxide and low content of hydrogen sul-
fide. On the contrary, at lower temperature, fumaroles hydrogen sulfide

increases, while hydrogen and sulfur dioxide decrease.
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We considered the fact that the systematic change in the gas com-
position should take place from the shift of original gas phase equili-
brium. We used the following two reactions.

3H,+S0, =2H,0+H,S------ S PRI SO PR (1)
3/2H,+1/2Ny =NH, -+ - v v veermvveensenee — ooy s (2)

We started from the considerations of the conditions governing the
gas phase equilibrium of above two reactions, combining certain related
petrographic evidence, and by the aid of some appropriate assumptions,
we arrived at the conclusion that the top of the original magmatic body
of Showa-shinzan should be situated very near the surface.

We obtained the static conditions of the gas phase which contacts the
top of magmatic body. They have the temperature ranging from 1060°C
to 1080°C, and the pressure, from 1atm. to 2.3 atm.

In summary our study showed :

(i) The factors which govern the gés phase equillibria are, besides
quantities of each gas component, temperature and pressure. If one can
estimate the temperature of the magmatic body by certain means, it is
possible to presume the limited value of pressure of the gas phase which
contacts the top of magma.

(ii) The presumed pressure value is in any case only asymptotic
one, because we can see only the fumarolic gas and the data available
are restricted.

(iii) There exist certain reactions which appear to be not in equili-
brium. But to decide whether the reaction is in equilibrium or not is difficult.

(iv) If one take the standpoint that equilibrium is not attained any-
where in the volcanic gases, one should apply the irreversible thermo-
dynamic considerations. But the practical application is very difficult.

(v) Our method does not require many analyses, because the only
data belonging to the highest temperature fumarole are available for the
purpose.

(vi) There exist certain regularities which rule out the compositions
of volcanic gases, namely, water vapour, hydrogen, carbon dioxide and
sulfur compounds. This fact may lead us to reveal the content and state
of volatile components in magma by considering equilibrium between

the gaseous phase and magmatic phase.

Discussions on Geothermal Problem

From field ohservations and the study of rocks in the laboratory, it
is confirmed that the inside of the dome is yet under high temperature

condition.
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Moreover, it can be explained from gravity (see Fig. 75), seismic (Fig.
23, Chap. 4), magnetic (Figs. 50, 51, 55, 56, 57, Chap. 5), temperature
(Fig. 61, Chap. 6) and chemical data (Chap. 7), that the place in where
the temperature is the highest does not coincide with the topographical
top of the dome.

The most interesting phenomenon is that the dome retains yet such
a high temperature® even at present (10 years after its construction).

In spite of the great number of studies on this volcano, very little is
known about the reason that the cooling of the dome is very slow.
Here, we intend to discuss this problem, considering the heat conductivity
and convection.

As to the heat conductivity, we studied about two cases, one of
them is under the no-heat supply condition, and the other is under heat
supply condition.

(1) At first, we calculated about the no-heat supply case.

To calculate the heat conductivity of the semispherical shape like
the dome over the roof-mountain is very difficult, and then we assume a
modified model of Showa-shinzan and the roof-mountain as will be seen
in Fig. 76, and then conducted the calculation on this model,

We assume ‘A’ corresponds to the roof-mountain, circle “C”
corresponds to the dome surface and the cylinder “B” is downward
underground extension of the dome.

The heat emissions occur from the surface *“C” and othersides are
under the adiabatic condition. We assume the air temperature is zero
degree centigrade. The equation of heat conduction by cylindrical co-
ordinates becomes

a0 o 1 o0 0%

ot = (072 i r ar 02_2">
"This equation satisfies the temperature at a point of a homogeneous
isotropic body (o<r<a, 0<z<l, where ‘“a’ is assumed as radius of the
circle ““C’" and ‘“1’’ the length of the cylinder *“B” (Fig. 77): the con-
stant % is proportional to the heat conductivity of the body and inversely
proportional to the specific heat and density, and # is temperature.

Initial condition : 0=fr z) at t=0----(2)
. ol . e e
Boundary condition : i 0 at r=a «+-evv.. (3) (adiabatic, side)

“* The present highest temperature measured at a crevice is as high as 813°C
(Fig. 61, Chap. 6). On the other hand, the temperature measured when the
dome was constructed was about 1,000°C,
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oz 4l =0 at 2=l ecesreeecncnns.. (4) (heat emission)
ol . :

FZT =0 at e L L LI T I (5) (adiabatic bottom)

a
h is satisfied by & = F here « is the so-called emissivity or heat trans-

fer coefficient.
The general solution of the equation (1) is

5 Ccos
f oc g hAEtp2)t T ¢ .
“ JolAn) sin #?

by using recurrence formula J'y(x) = —J, () and boundary conditions, we
obtained
VI e

- Ay VaZ o\
[A/ln,e_k I? b -+ Z Azm,ﬂn,e-k < at 3 /A ) 5 ]0( m : )l
1 M= a J

uMK

2z
% CoS #",T ......................................... (10 )
Here, by applying the initial condition and introducing the Bessel-Fourier
series, the result is written as follows :

2
A7 (N g cagt ) 2
00, 2, )=, ,?‘,/e MWZ{M( ) SO Sosm, 2 cos /- dids

- Am g S .
o5 o (a2 f]"u(’é":”) o f [ eree, a o(xm’é)com'%dzds}

M

4
X Cos #”hl ......................... [R5 S5 (R o fome) 04 wriober o) w3 dewal 8 U (15)

As a special case, when f(r, z) = 0, = constant.
the result may be written

2
0 = 26, ﬂn”‘*‘hl . ’ 'kﬂL

> . T cos a2
n= l Iy (/l)z + + hl + Ty l) SIn, yt @ 2 cos u ;

e P 2 i &
=0 ey T o o a0

To obtain an approximate equation, if we assume H/ 1, and put
h=1,
/ = 1,000 (m), K = 0,0108, ¢ (hour).

Oy=v"7 0,]-2355x10% cos( 1]60% ) siny 2z

(2) Next, we calculated the similar problem concerning the heat
supply condition and we obtained the result of formula (25).

By introducing some reasonable values such as thermal conduction
to the above result (16), we obtained the temperature value at the surface
and inside of the dome as follows.
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t(year) e ”;it (22) surface bottom
100 97 ' 840°C ) 970°C
1000 78 675°C | 780°C
10000 8.5 75C° é-SOC

As will be seen from this table, the present temperature distribution
of the dome surface may be explained by the heat conductivity under
the no-heat supply condition.

Next, we considered the heat convection inside the dome, and as the
result, the phenomenon occurred in this area could not be explained by
Furthermore, there are a slight heat
Although

this quantity of evaporation is not negligible at the dome surface, it is

such a heat convection hypothesis.
emission from opened cracks or fissures on the dome surface.

very small on the whole of the dome.

In concluding our present study, we considered how to promote the
fundamental problem for the geothermal exploitation in future.

After consideration, we arrived at a conclusion as follows :

1. It
““Magma.”’

is very necessary to obtain more precise knowledge on

2. On the other hand, along with the fundamental study, some
technical studies of the methods of geophysical and geochemical logging,
etc. are very desirable.
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Appendix Schema of the Present Studies

Remark

Field experiment
by using three
components seis-
mograph was
done in co-opera-
tion with S. Mur-
auch (National
Science Museum)
in 1954.

Magnetic dip sur-
vey & tempera-
ture measure-
ment at dome
were done in co-
operation  with
Sh. Sakuma & T.
Murase (Hokkai-
do Univ.) in 1954

“~__  Date of |
~-__ Survey |Aug., Sept.| June, Aug. | Aug., Sept.  Aug.,
Method = 1952 1953 1954 | 1955
_of Survey o ‘
1 |
Flaprtne M. Hayakawa & K. Pujiwaraf |
N |T. Nemoto |
Geology T. Nemoto g.otlg o
) - 5 | T. Uemura |
| 'T. Matsuda i
: M. Haya |
Gravity Survey |T.Matsuda| ") oo
— e Y. Suda |
| M. Haya- | M. Haya-
kawa, kawa,
Seismic Survey Sh. Sano K. Mori,
& N. Obi &
S. Furuya | T. Otaki
M. Haya-
kawa,
N Borves S, Ivgtsah T. Saitd
Sh. Sano
|
— S T L
Temperature SShI wgzs;l;x ‘
measurement Elec- K 'Kanaiy
tric Survey & % M ‘
Redioctive Survey Hayaka.wa |
J. Kuboki | J. Kuboki Members M.k Haya-
Land Survey & w & of*? Seismic &ippl.
T. Sasaki | M. Inouye Survey \ Surv.)
Geochemical Survey | K. Taka- NiNaFujis (;m
& Temperature K. Taka- | hashi, S. (Nagoya- &
Measurement hashi Oana & Univ.) & | XK. Taka-
~_atdome | — S. Matsuo | N, Ando | heshi
P, Saite,™
ks | Sh. Saku-
g s gk
Experiments in dera® | kaido-Univ.)
Laboratory (Kydto- T. Murase
Univ) \ (Hokkaido-
. | Univ.) & Sh.
SR R __| Nagumo®’
\ M. Haya-
Discussions ‘ kawa, K.
(Geothermal \ Fujiwarat &
problem) ‘ H. Hase-
gawa*s
%1, On the other hand, mapping of a sheet-map on scale at 1:50,000 at Showa-

shinzan including adjacent area was cerried out by R. Ota in 1953.

*2.
*3.
*4 & *7.

For seismic stations.
Density measurement.
Measurement of seismic wave velocity transmitting within rock specimens.

%5 Measurements of magnetic susceptibilites, N. R. M. & T.R. M.

*g. Measurements of variations of elasticity & viscosity according to the tempe-
rature increasing.

%3, Heat conductive calculation.
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The Geological Survey of Japan has published in the past several

Iinds of reports such as the Memoirs, the Bulletin, and the Reports

of

the Geological Survey.

Hereafter all reports will be published exclusively in the Reports

of the Geological Survey of Japan. The currently published Report

will be consecutive with the numbers of the Report of the Imperial

Geological Survey of Japan hitherto published. As a general rule,

each issue of the Report will have one number, and for convenience’s

sake, the following classification according to the field of interest
will be indicated in each Report.

C.
D.

a.

i b.

Geology & allied x

sciences d.

| e

- %

a.

b.

G.

. d.
Applied geology

e.

f.

Miscellaneous
Annual report of progress
Note:

Geology

Petrology and Mineralogy
Palaeontology

Volcanology and Hotspring
Geophysics

Geochemistry

Ore deposits

Coal

Petroleum and Natural gas
Underground water
Agricultural geology and
Engineering geology

Physical prospecting,

Chemical prospecting & Boring.

Besides the regularly printed Reports, the Geological

Survey is newly going to circulate ‘‘Bulletin of the

Geological Survey of Japan” which will be published

monthly commencing in July 1950.
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