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Table 2 Chemical composition of representative rocks in the Beppu district.
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1 2 3 4 5 6 7 8 9 10
SiO, 59.70 67.10 68.56 60.72 59.26 61.96 53.88 56.00 58.68 62.20
TiO; 0.77 0.39 0.37 0.67 0.82 0.64 0.92 1.17 0.80 0.67
AlyO5 18.10 17.12 16.58 19.03 18.78 17.62 18.75 18.51 16.00 16.72
Fey03 3.28 1.86 1.53 2.42 1.62 1.99 3.11 3.28 3.29 3.20
FeO 2.87 1.20 1.32 2.49 4.06 3.03 4.97 4.27 3.49 2.25
MnO 0.14 0.04 0.02 0.07 0.15 0.11 0.18 0.17 0.18 0.07
MgO 3.02 0.94 0.88 2.62 3.33 2.91 4.87 3.61 5.03 2.60
CaO 6.59 2.95 2.77 4.06 6.56 6.08 8.73 7.95 7.34 5.51
Na0 3.94 4.21 4.33 3.65 3.86 4.04 3.67 3.65 3.73 3.55
K:0 1.06 3.15 3.17 1.51 1.22 1.14 0.64 0.74 0.99 1.93
P20s 0.19 0.12 0.16 0.20 0.21 0.21 0.22 0.19 0.15 0.16
H0F 0.31 0.28 0.44 1.32 0.16 0.30 0.18 0.22 0.19 0.33
H,0™ 0.42 0.22 0.12 1.12 0.05 0.22 0.06 0.38 0.12 0.34
TOTAL 100.39 99.58 100.25 99.88 100.08 100.25 100.18 100.14 99.99 99.53
KEBRV/-HEEME  Recalculated without water
Si0, 59.90 67.72 68.77 62.32 59.34 62.13 53.91 56.26 58.87 62.92
TiO; 0.77 0.39 0.37 0.69 0.82 0.64 0.92 1.18 0.80 0.68
Al03 18.16 17.28 16.63 19.53 18.80 17.67 18.76 18.60 16.05 16.91
Fep04 3.29 1.88 1.54 2.48 1.62 2.00 3.11 3.30 3.30 3.24
FeO 2.88 1.21 1.32 2.56 4.07 3.04 4.97 4.29 3.50 2.28
MnO 0.14 0.04 0.02 0.07 0.15 0.11 0.18 0.17 0.18 0.07
MgO 3.03 0.95 0.88 2.69 3.33 2.92 4.87 3.63 5.05 2.63
Ca0 6.61 2.98 2.78 4.17 6.57 6.10 8.74 7.99 7.36 5.57
Nag0O 3.95 4.25 4.34 3.75 3.87 4.05 3.67 3.67 3.74 3.59
K20 1.06 3.18 3.18 1.55 1.22 1.14 0.64 0.74 0.99 1.95
P20s 0.19 0.12 0.16 0.21 0.21 0.21 0.22 0.19 0.15 0.16
/Wi Norm
Q 14,63 23.32 24.28 21.47 11.60 16.46 4.26 9.84 11.69 19.44
C 1.72 1.38 4.60
or 6.26 18.79 18.79 9.16 7.21 6.74 3.78 4.37 5.85 11.52
ab 33.42 35.96 36.72 31.73 32.75 34.27 31.05 31.05 31.65 30.38
an 28.69 14.00 12.75 19.32 30.32 26.67 32.82 32.09 24.08 24.27
di-wo 1.19 0.38 0.93 3.80 2.63 4.78 0.97
-en 0.89 0.22 0.61 2.46 1.76 3.55 0.79
fs 0.18 0.14 0.26 1.09 0.68 0.77 0.06
hy-en 6.65 2.37 2.19 6.70 8.07 6.67 9.67 7.29 9.03 5.76
-fs 1.38 0.10 0.58 1.64 4.93 2.82 4.29 2.84 1.95 0.45
mt 4.77 2.73 2.23 3.60 2.35 2.90 4.51 4.78 4.78 4.70
hm
il 1.46 0.74 0.70 1.31 1.56 1.22 1.75 2.24 1.52 1.29
ap 0.44 0.28 0.37 0.49 0.49 0.49 0.51 0.44 0.35 0.37
FeOyor 42.08 25.72 24.36 37.49 39.63 37.37 45.84 47 .45 39.81 38.87
MgO 21.83 8.42 7.92 21.05 23.87 22.55 28.73 23.73 31.08 19.68
NaO+Kz0 36.09 65.86 67.71 41,47 36.49 40.08 25.43 28.82 29.11 41.45
DL 54,32 78.08 79.79 62.37 51.56 57.46 39.10 45.27 49.18 61.34
Col. Ind. 16.96 6.22 6.07 13.74 18.14 15.90 28.08 22.66 26.73 14.39
aE AR Analyst : H. Kurasawa.



11 12 13 14
58.86 63.42 56.74 54.26
0.77 0.74 0.97 1.09
17.36 16.29 17.59 16.29
3.52 3.54 3.46 2.86
3.05 1.71 4.04 6.21
0.12 0.14 0.12 0.15
3.51 2.45 3.78 6.16
7.10 5.33 7.89 7.28
3.73 3.59 3.40 3.77
1.61 2.13 1.63 1.60
0.15 0.18 0.17 0.22
0.17 0.26 0.24 0.36
0.08 0.18 0.18 0.14
100.03 99.96 100.21 100.39
58.99 63.73 56.86 54,32
0.77 0.74 0.97 1.09
17.40 16.37 17.63 16.31
3.53 3.56 3.47 2.86
3.06 1.72 4.05 6.22
0.12 0.14 0.12 0.15
3.52 2.46 3.79 6.17
7.12 5.36 7.91 7.29
3.74 3.61 3.41 3.77
1.61 2.14 1.63 1.60
0.15 0.18 0.17 0.22
12.06 20.60 9.40 1.20
9.51 12.65 9.63 9.45
31.65 30.55 28.85 . 31.90
25.93 22.14 27.98 22.86
3.51 1.37 4.24 4.96
2.65 1.18 2.91 3.12
0.50 0.98 1.53
6.11 4.95 6.53 12.25
1.15 2.21 6.01
5.12 3.38 5.03 4.15
1.23
1.46 1.41 1.84 2.07
0.35 0.42 0.39 0.51
41.28 37.49 44.82 43.25
23.30 18.73 23.68 30.34
35.42 43.78 31.50 26.41
53.22 63.80 47.89 42.56
20.85 13.94 24.13 34.60
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1. ¥EBEOREEEYEARNGRLE, ARLIRLE, B4F,
<R 41397>, 8b-138, HARBCHTTEAAA.
Aug-hyp-hor andesite, Kurakiyama Andesite (Sk).

2. FWEASHEEANARERNMCE, BPRaEsE, Mim
WY, KBREMBMWOAREER, <R 41398, 0b-494, JE
ARTSER DM .

Hyp-bg hor-bi rhyolite, Yunohira Rhyolites (Hz).

3. TR SR LRANGRERNRLCE, HFNMAEE, KibEs
&, W8, (R 41399, 8b-185, BAFKHIE ./ L.

Aug-bg hor-bi rhyolite, Yunohira Rhyolites (Hs).

4. LEEAEBRAYEANARILE, BABRELE, &5,
<R 414005, 0b-654, Akl &R,

Aug-hyp-hor andesite, Yufukogen Andesite (Hy).

5. LEEGREEORIE WELKL, WoEHEs B4,
<R 41401, 8b-211, AN FEEDH.
Aug-hyp andesite, Amagoidake Volcano (Oa).

6 . EEMARIREE RIS, Wy B, &5, (R 41402, 8b-147,
By HILTE.

Aug-hyp andesite, Jogadake Volcano (Oj).

7. PALAREEFREREGEBEARILE, By &AL, BE,
<R 41403, 8b-167, EHNNTRFHENHE.
Ol-bg hyp-aug andesite, Jogadake Volcano (Oj).

8. LEANAEFEREORFEARILE, AELKL, TEE
B, BE, (R 41400, 8b-61, BIMFHZE O,

Hor-bg aug-hyp andesite, Ojikayama Volcano (Ob).

9. PALARRBEAEEEORIE, MELAL, BEES,
BE, (R 41405, 8b-40, FURFTTEE.

Ol-hyp-aug andesite, Ojikayama Volcano (Ot).

10, ¥ BHOREEREEREEALBANET /Y4 b, EHFL
Kb, B, (R 41406>, 8b-25, FURFTHIEFMH.

Aug-bi-bg hyp-hor dacite, Jissojiyama Volcano (Mj).

1L EBREAPA AR RERRESH L ERA L EANGRILE,
HATE AL, EXILGRLY, KEEOBR, <R 41407, 0b-904,
WA BERT A R . '
Hyp-ol-bi-qz-bg hor andesite, Yufudake Volcano (Y,).

12. AEEFREOSAEEREBANG T4 N, BREKL,
T, @5, %5, (R 41408, 8b-43, WILILIED.

Qz-hyp-bg bi-hor dacite, Tsurumidake Volcano (T3).

13. ARSHEIERSBAESEANERILE, BREAL, 1
S, B8, (R 41409, 8b-50, BINFHIIEHEOWEN.

Qz-bg hyp-aug-hor andesite, Tsurumidake Volcano (Ts).

14, REHEOAREFLBEANALBERE»ADARRILE, RE
kil &%, <R 414105, 8b-105T, EAEA sk,
Hyp-qz-bg hor-aug-ol andesite, Oninomiyama Volcano (O).

ol : olivine, aug: augite, hyp : hypersthene, hor : hornblende,
bi : biotite, gz :quartz, bg: bearing.

< RIRMEBETEASHES (GEMS BR).
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E9RE BRI OKILE O Si0-K0 B, EABEA-BRANEOER, BALEEOBOER
Fig. 9 Si0,-Kz0 diagram of volcanic rocks of the Beppu district. Open circle : Yufu-Tsurumi Volcano Group,

Solid circle : other rocks.

Si0,
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S10[  BURFEIIEHIR O XL O FeO"/MgO-SiOoH
FeO'l3 &8k, RERB AL
Fig. 10 Total FeO/MgO-SiO; diagram of volcanic rocks
of the Beppu district. Symbols are same as those
50 - of Fig. 9.
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ARHIE O TR D> BT KA OEHNIRE ST TS UMABTTRCAETE « B, 1954 ; 15/ BiitkCs «
) /i, 1974). ZHH DO RMEAIIBFE Y A X Tidd 50, IEEM R RMOSHEEHEM TH D
720, WECET O, AE TORLILEOBMICOBRETS.

om. 3 #F %8 W

A D A D SR 7 MV R 1L T RER IS K B 20 T34y 0 1 MBI T4y 1 (1896) Tdh 5. 1L
132 OKINET, JebE =4O AORy - AEZRES “HRIsi” DAROIE & A &R E =8k ok
HEE B DN TV D Z L2, HEIUNOME DO REAEZ B S AN L7z, BRI OB 137 5
BT HENTNDHDATHL. LaL, AR Al - BREREE2ED L, holF s
A ERIIE A LIS R OZORIS | 226720, UIXUERHLROHIEZ{ES Z &, KON H



19

AR 7R 812 DRI W) 23554 L. sk LR IRO RS (BIEORERIHER) ThD
e ERBERFEELZW O LIIED, KIED), BIR b ED, LEeml e T o7,

IAAME— (1918) IXHRARES LA ILBEZ A L, 13 U T Z OHUIBOHE I OV CREICRR L. 977
bbb, @AW - LA - BARE - BRE « BREE () %0572 5 lATE RAILERT LR R & Jidn
BDAPIALRNEDN SR D Z &, BIEHIC 26 O LK IO 530 ik % fr iy, 2 omdbimifilicmHy -
e & 3WICK A TEH L, M - AL L Z A s 1 S Al St COMANCAERN T 5 Aithg
U, BRI AR IS & BRSO - KIED DD &%, BITEE THEAMIZE D> T
TRUNEIR A RTINS IAARIC K 2B RIS Honma (1926) HIZEIRI S 41TV 5. Z O THIFED 5
ERES R D 2 LIE, AWREOBA L KFGHEAEY A “Aso lava” IZEH BN TNWDHZ & ThHD. =
DUELRNLHR (1953) IZH B Z 2N TNWDH, MABFHIZOBIZZOESEENA V=T 74 b
(MaTumMOTO, 1963) & L THil&f KR HEREY & KA1 L 7=,

SroRBE (1937) O3 GEFR) 13, DU RKIEHBS L OME O & & HIC, Z oM IT L =
A (W) 233858 5 2 &, ORME D) IAf - LA 2 O ALz B ~PLke L7t © b 5
Z L, BIFFIRRBEOEIR - BRE O/ D HIERGERIC SR ST\ 5 2 &g EABRIGRS, (Rds
D) WAE - F L G 2 MU R BRIt e R T h o 7.

B IUMNC (AR IR sl PN 0 FR AR+ 86 L om0 0 FUELK L« Bl fik 1L oD 2 9 L WIE 7 ok L fE
ZHOKIIOIENT, B LORABR A HR O MG % 723 KR BRS04 L TWT, ZhnZo
M DWITEE DIER Z OV, BiRt L7z & 512l (1896) OfaA (1918) & 2D Z & &l L7=. HHitk
DO ZAE- 7= & DIERT#E (MaTumoTo, 1943 ; /NEFIE 7, 1977) | HEREIR OINiEE, 1918 ; IaAME—, 1933),
AT CNEF, 1963) 7o & ORI /343 D KIGEHERSD & 215 - TRRCE 72 & DR T T 3R O %S
HCTH5.

KRR OBE & OHEFREY OFGRNERS L= DI 1950 FERB YL TH 5. LU FIZIR~ 2 IR I
(1918), #RA  fd (1933, 1934), fAAME— (1918, 1933, 1943) 72 ¥ DWFFEI, KFHRHEREY % AR,
MBBEE R EEIEATNS. LinL, 20 OWE TIIAE R EISIOME R, & LTl L, g
BIZFRBL L7, 1950 4RI (1954, p. 29, Fil#k), AFFEAH (1956, HEIGIR) 12Xk > TIh b DEK
DK HEREY) (D WITIEREEIS) THh D Z EnHR S, T 0% Z OFEN — NI o 7.

BUFFRIEHE O BB T 5 Zh b D KILEHIZOWTOEERDH - BilkE L FICE L0 5. Nk
(1918) 1IAHIK DTG ST, HZ 111 K OVH R sk C 5 HRR 4 72 9 A 22 Lo & IR 5 HIss, RISk
Rt HERE 2 TN B s S WRATE. L L, D% 2 OHBES I8 K RFTHERE) & BTRR K LB 0D R
T (BTRRRSS) LB AT, 7B, IRVNIHART 5 (BHED) BTRRIATHER I IS5 AR 3 5 i
JKAVEE L LT, BSRARITHERI T D (o) Pk & X3 Lz, BHEEOfED 5\ s
FZoBRESEELEXT.

BRA @I IUNALVES OFREZ1T\V, 707540 LHERINE NLEE) R, 1933), [F (EH] GRA,
1934) 3K L7z, ZOPTHRARITIELS 9T 5 EHROE AR I IEFICH L THRERS AL, £
T BRI AT, B - ANA B O B SEOAPE LA & B RS & RAT.

FAARME— (1933) (BT ff K PETEHERIA ORFFEOIRIL CHEBIRIAS, FAE LIS 230, ik Lz, 18
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BRI (1933) 7217 C7e <, TR (1933) I bRtHi S 4L, & BICBUEDHNGIR KFIRHEREMIC M7= 5.
LA L, #A7 (1933) O EIIESE, BRERTACE & £ & T 2MIEORE & KIRHER & o, h
T DIENHIRIZ D72 5 2 DEERDOER L Th o7, IAARIE THFRILEE N IEE A EFIZIBH O A
ZUEBRED EICH DN INEEL ) ZEHERL, ZOWOBRNRA L0 TEEH e —pFisk) &
L7z BC, THELIEE ) 10T MEHO UL D & OO, HEZMEL TR b0 5 LL,
BN K LTS B O RE I B AR EEI A U T 5 LB b DT, TR 24 A 5.2 5 O)ME
FlEEZ, ZRUC Lo THEAAR, 272 &b HEIuUNcRT 2 KIWEE L Eobh 2 EREFESE LD
LT D) LENTND. ZhEDHEROEADOFENPFRIICERR DD LEZX D LEBRRTZHD
T, A<, 77 b=y I/ hERELOIELEBEI TN LEEOLND. ZOBX LBRINOHIEHITHE
WEEE 52 TND.

5 2 IR KA BB SN TFIRIC L o T, KILPEHE & HER S T8 O I E®) & DBIfR % AL L7238 LV AR
R LB0FERNHIR S IUI UbT. M (1953) 1L FICHMEIIEHIT I 4, B (1953) 1XH LR
BT L UCTHREN DR DRI AZHIE L, & HIC, SEFriRRE 2 & S A I KRB e 1 5 Ho:
DKIWIEEB N B o 72 LIBT3,

IMAFERITE D% < OBFFE#RL (A, 1963 - 1979 72 &) H CHIMIFEHH: (200 /5 ~60 H4EHT) (UM
FFER D IRIBUC KB 2 KRB S do o 72 Z L &b, Th a8 RkIligFg & m4 Lz, £ L TEEXIL
EENI— A NAZ A DEAZ IS L, EORMIZERMEORAZ LA O R & > 7z &
LT, INZENIEAEMEAT. S HIIRA (1977 7 &) (FEIEKILTEENO & & 50 J7 -30 TR BEM: k
HWIEEAH Y, ThEE%KITEHEMESZ S 2B L. ZOEBOMEY & Sz b DT HFILE
Y, SR KRR HERS ), AMAPEE 72 EREEN T D, MARTERO OGS CIEK LTES) & #idE
THE) & OIEBMRANRT S, TIITE HIT, BRI D X 51T, HUEMEREE e &K IITEBI O 5 DRI
GlEOBND.

Z O LTINS LS MR T IR ORI & B s, AR, B IS, IHEILRE,
RS 72 & OREFRAMRIE SIVTREE. 26 OAPNIIEEV R OHEAL - BRI ToNTE —7,
—EICITEFBER D 2 WITERPARAOE £, HEMICHN - S EE TEEOHLIC L > TRtk s b
e PHMLSBE CGEA SR A b H o7, L L ITEBSHERERNEREEINS L L bizzD
HIHZICHETED 2 WVIIRABMZ 5TV D (2 - 4K, 1983 ; 1A, 1984b 72 L).

FAAAESR (1979a-1984a 7z &) 1L O U [LE HIHF I I U B 2 BRVE | T 3 2 FHI O TR C° b 2
LT, THRERIN - B & JOY, 2ofsE R - BEL (E, 1979), ZEAl (34, 1979 72 L0,
KV /NEM O - HE 72 COMERSH L Z L AR, 2o L) RiEEORBIEFEcAE Y, i
Btk & FWHT A & WA P b K& RIEB R H oL LT D,

1960 4R LARE, #R1L(1972a), AAAIEAR - AAAME— - 16 (1972), FRAWEER - <7 (1984), ARiLIEAH
(1986) 73 EHIFBIME HB N O HUBGELR R AT 23 8 S vz, ZRIL (1972b) (TARKIEHISIC &7- 5 5 T4
D 1B THF) 2 AT Ui, /NP (1963) 13RERE AR BRSSO, Ak CriiaZe s -
BERFRCE 70 CBME - PO KNSR ZET 5 2 L 2T, L) IR B KRR & LT,
A (1972) 12 L RGN (20 545D 1) B Bl BT [XAE 27 L — 7 (1982) o [FIHitsk /T[]
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(1075530 1) B3 5. FII (1972, 1973) 1T BEOREMEITIESNT, BIUFFRSE OHFKE & B & DB
TRERE LTz,

JUIH R LS MBI 2 7 B A 3 0 A IR M C b 5. JUEE R L & s & 37 5 Mt e
MMk & Kidh, Sy arra v b & UCHER 53 4 LI K e MIBGRAE M Thh T s,
HEVERBRE I C DWW I IXE TR 523, Z Z CIEZ Utk T ORI W CERR T 5.

Z OIS CITE ) % 13 COBFEOHIBRI BRI RL < OR#ER LM Thoi, B - $ftf (1985) 13,
ESEDHHTIZ K > T Z ORIk BHREREE A HEE L7-. e[ (1984, 1987) IXHIRME - 38 - Fi7e &
5 B O FE B G A B LTz, £, 2O CIII R E TARTRAIORNX S REHD
KL DWW TR B RB B OME DM Tody (B, 198578 & ; ZHK, 19858, b ; T4 - 2,
1985), Z Ol D RIS HVE K 1E O PRAR I TR 2R 2 b 72 B L. Skl (1985) 13ATR L7= & 51T,
FRAEER LM K LA s oD K LA OO RIS, 2k & LT, HVERIEEIMINS, H LVELIEEN
BT, #RSHZ LTWBZ EZH LT L (10— VF6[K), Z DMl SMaLAEL{E % Tk
W1 TR S ALl KIRESEM A CH 2 & Lz,

I, B8 = REEHTHE

AR S 0> 55 = R EERTHIE, HURMOBIEFZ IS, MO A2 LS K O L 7K 5322
HEETHD. WINLBIHARIEETHY, TRITERH L Th72an. Ee IR ofEsEonmiE, 7—7—
BIREOGREBIMEL TS (L.1ZHK).

. 1 BlfEreilcs (K)

BB LT R S 00 B A - B LI ORI WIS 5, REOHEATZEA R E OWE « KiE, b
DVNET B YT A N EBIELE LIRS SR (1953) OB KIS Z B L. RE O, B
WFE R (ML 1B8) OoFThLo—2& =BT 5. BFMHRIT, sk TI/MELKLOFRESICH
TEHNEDIND DI Th D703, BIFFEMRIER (RRIIEHE O BRI Lo RO KIEHIE) oR—Y 7
FEIRIX Crib RS BRI BRI FER X RAT 0 2 7 H DAERE, 5 11 1K) Ci, Wi ORI, # < B KA
Hifi) & o 5 RERTHCH BB AR 2 e, JEEITRK200mLL ETHS.

AR (1953) TIAUE & T L HEE L, B (1953) X HTH TR A DIz, ZOEZITEA (1972)
JOMAAR (1973) 1ZBI ZHEDIL TN D, SR (1985) IIAERHFHIHETABRE & Wb T & T gD KA D
K-Ar FRGRIE 21TV, ZH D DMESTHE - AT CTh D L7z, AHUBOBIMEF 22 1LIE 12DV Tk
WEREITE SN TOARY. 22 TIRUTORAND, REZEEITE B X 5. PRI ORMIL
AN TS 2 Ml ©, RO AR - @iy B2 28 E0NeHs =ik a BEE W, 20
P D HIfE AR A TR Z &, AERIE S (BRI K 7 km B ) o> p e i oo it ok
HEdE CNEF, 1963 ; 46H « /NEF, 1974) 1 FITHBERITACEVEREEEIE B72 Y, Bk IlE &34
EMMRRRD 2 L ip OGN, WIC, AE N RIEDOIER R RRIEBMEICH v, BEERIT

EALOEHHEKIEEBICH ATV S 2 & (B 1K), FIZ, %Ril$ 2 X 5 ICAEPITIZEHNRD IR L
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TWDH, AR, BN & CRBER & 115 SR
DFACIEH ORI MR - EHHETH D = & A3
LTI N TS (FEIED>, 1986 ; i - i,
198772 E) Z L Th 5.

BUGSFRILZE T, ARG - KA - RERARE
DENCEES S AV E KD DRSNS, s
IR, KFEEIIKE & 5mm-10cm O 7 L A
DMK E G35, BEfEL LTREE 1-4mm
ORHRA - WA - SREREG 2 ST, BB,
HEIN) OB E T2 IBEH DR THIIER 7L & Ok
TR REER S IS ER S N TW D, AETICE
o miRNH Y, ZOBEITELEh TS (X,
22 )

A REEA LIS (R 41411) Ob-414

FEHN - FEIR ¢ BT IR, 446.2m =4 LR
400m. A

BEdh : RHRA - SRERRA - M EEa - SROE.
BHEA - SREREA - RGO 03, R
B - RERIESE 72 812, BV ROEI
BiZih> THEBL I TV D.

A BHER - SR8 - EIY. MR

A2 LA (PK)

P AR [ M LI D T B 20, ARG USRS 231 Tt 2 KIMORR A B 255> 2 & T

WS O EaRIARS Z AL IS (N, 1963) &IES
/NEF (1963) (12K B &, ALEXINE M CREAZ LA T4 TH A RFTHERS Y M OV AT ) || KR HERE B b
n, B Z LA OEIROBAZZIT T A, £, EARILEIZE S 20-50m BL EOEHLL EORE TR

MBI SN TN D.

INMEHE IS T OREIO K-Ar £ & LT, 1.86 + 0.23Ma (%) - 2%, 1985), 2.1 + 0.4Ma (ZH7%,
1985a) MFHNTEY, T b O ERIERERHALTIL, TR EFNWETETHS. AHIEOFE O B8 5R5%

AL ILETH S Y.

AR G- HIKADRZIE T, MRAKPICRE S 4-10mm OfEA & 2-6mm O @A -
RO 2 L mICE T, < EAUTHED 2mm ITFOA YA MELFBARNAEZEL I L0130 5.

5) AHE TOHRERBAL Y, S5 LKREE 7T v 7 A -

7= hR@EIFHS R E L.
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SO EEAZ LS (R 41412) 9b-324

PEHN - PEAR : FENRTERAMEE 5. A

Bl RHEA - WG - SREREEG - BRIE.

A BERR - R - BRI - 8885 - > U DE. SRR,

ESRelv

. 3 KoZiis (Pm)

PRI HE 0D Ak AT J 0 B BAIE 0T C &, Ll FLHITEC A5 2 M ALV 2 Ay 2 L &
W5 GIAR). KAZEILE DAL EA S (1. 158 &—Fh 5. A &P & O
DRI, S8 RIS AR ORISR B S 0T, SRS EILE DT
(e mBns. L SO, Al % < BIEREE (54-MW-1) BEIHI ST % (A A
TRBHSE R o % —, 1980). Z D=7 T, KO@zE O FAAZIEINEZ IS (BRAZRILEE) 13580
BIVE, U (I 801M) £ CHEAZILAE AERE L TV 5. A s b HUHAE (I8 5 R T Zeys
Ui LT 2 X 510, o) PRI R T, SEF IR0 TR 5 5 0T, KIS
HYL ST & % 2 5.

S, R G- IR G ORE LT, B L AR - SlALE - SRR - S A B A T 5.
HES O 72 12 AR 2 & O BT B S W TV 5 2 L RS,

AR a2 1 (R41413)  BP1553

FEHN « PEIR  JUEERT/K 3D PG 200m, [E7E 210 SRR O AL .

BEgh : RMRA - G - SRERRER - SRIE. A O — B RIS A e E OB ESIICE L ST
Ww5s.

A RER - T A - HEDEA - 85 - RUEEER. AT RE YT v k.

V.  BBIUR TS BT

Z T, HIR TESEHTEO O B, ARG AKAIHERTY KV TALO K LA M OHERE 2 55—k 1L
A, B0 b O 2 LA L RS

V. 1 E—HlkLEH

V. 1.1 ERFA4%4 F (Bd

R RSP R BHINT SO0 53 ) | R B < GBI 2 BT A o R OWE - KR 2 B
A b EIRR, AR (1953) OREFUILE AUk Lo, BEBET 5 ISBREDC & OB IS AR B
BRI, Z ORI SIS IS 1d 5 ENS B L. AEOIE S [k 60m
PECH %, SR (1953) HAEA TFGEOIEIER: (EHER) ARRICPAET 5 LB~ TNS, A
D K-Ar 54UE L LT, 1.30 = 0.07Ma (2 - $fH, 1987) 735 51T 0 A EHTHE O FIREMED Eiv .
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LR VEE A DT+ SRR « VR A A £ RIS & LOMARIE - DL,
T L LCRES T AT A AT, LIS LIRS ORI, Ba O ME 2 7. i -
DL MEIEBIR G - WIR TR T, TATT 3T - LB o . BRI
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Fig. 12 Columnar section of the Sakeno Tuff at Shiratake.
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F13E BHHEEKEOBRMOEE. REIRKEN, BOREERICER, ML, BERSI DR,
T L A A 1 km (K 239G b IP9)
Fig. 13 Close up of an outcrop of the Sakeno Tuff.
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B, 1985a) NF LT\ D, HRBEBBAL ALY, @b, BT T, KEfECTETH 5.
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FUR FERXBAREY, B, R IERRERY, TBBEARGHEREY, MER-4A XKEGERDOMEG. stk
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Fig. 14 Relation of the Kasagibaru Pyroclastic Flow Deposit (Bp), Onigabaru Volcaniclastic Deposit (on), Yabakei
Pyroclastic Flow Deposit (Yb) and Aso-4A Pyroclastic Flow Deposit (A,w).

XATES.
MRA&EESE (Br, Brh)
B DATT D THCERE &/ MABHSE & WS CHIFR) . AEHTAREIE IR CIR KR 5% a9
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il BT A () - BHER - BER - S5
KEBYINTT T A THEERAREN BN RETS. BOSMMAETEOAT =L T4 VNV EARLND.
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WHIR - A7 (1956) [XERERAHIEIIC “BA AT 57 2 MR TR OMHIR E LC P48 L7228, Sk
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K, TR U < ZREIE IS 0 EAZKITEF B U 0 862m A% i R D ALAL IR 600m D MGEIA VN TR IIZ LS 4 78
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J# 2k

Fig. 15 An outcrop in the zone of dense welding of the Yabakei Pyroclastic Flow Deposit.

H16H HRBEAFH Y O BECEE. R K
FREERY ORI ARE (on) 2 BV, MEZAHR
FHBWEED, KILZH % &URT XILKRE (pfa)
&, BREH T & UEEREOKBAHERY (Yb) 20
5%

Fig. 16 Basal part of the Yabakei Pyroclastic Flow
Deposit (Yb) and underlying air-fall ash (pfa)

and Onigabaru Volcaniclastic Deposit (on).

F1TH  MERARIRERPREOR T KK POXNES

Fig. 17 Accretionary lapilli in an air-fall ash bed at the base of the Yabakei Pyroclastic Flow Deposit.



34

T A, KBV XROHDNEET 0 B S N D . T AT I3 TAE LA WICEET 503,
AT BR - B e EONBITTE - T D AE LV XIEE L RTAL L TWD A, 7iaic
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Fig. 18 Hijudai Pyroclastic Flow Deposit covering on the Yabakei Pyroclastic Flow Deposit.
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Fig. 19 Welded tuff of the Hijudai Pyroclastic Flow Deposit. Note the low aspect ratio of the collapsed
pumices.
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Fig. 20 Height of the area of the distribution of the Imaichi (grey part), Hijudai (H) and Yunoki (Y) Pyroclastic Flow
Deposits.
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Fig. 21 A thick section of the Tokiyama Andesite. Note the wavy interface between the upper brecciated part and the

central compact part.
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Fig. 22 Siltstone and conglomerate of the Mawatashi Formation.
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Fig. 23 Columnar sections of the Yunohira Rhyolites.
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Fig. 24 Deposits of three pyroclastic flows (U, M, L) and water-laid sediment (S) of the Ayukawa Pyroclastic Flow
Deposit. G is the terrace deposit (t).
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Fig. 25 A columnar section of the Ayukawa Pyroclasite Flow Deposit.
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Fig. 26 Dune structure of pyroclastic surge deposit of the Kamiyashiki Pyroclastic Flow Deposit.
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Fig. 27 Accretionary lapilli in the Kamiyashiki Pyroclastic Flow Deposit.
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Fig. 28 Height of the upper surface of the Yufugawa Pyroclastic Flow Deposit.
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Fig. 30 A columnar section of a drill hole at

fig. 29 Non welded lowest part of the Yufugawa Pyroclas-
tic Flow Deposit (Yf) covers underlying air-fall
pumice bed (p) and flatlying pyroclastic surge de-
posit of the Kamiyashiki Pyroclastic Flow Deposit
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Fig. 31 Yufugawa gorge cutting in the Yufugawa Pyroclastic Flow Deposit.
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Fig. 32 Weathered surface in the zone of vapor-phase crystalization of welded tuff of the Yufugawa Pyroclastic Flow

Deposit.
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Fig. 33  Alternation of silt bed and tuffaceous sand bed of the Onoya Formation.
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down from both summits.
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TR KR HER D I — 5 L 7.

HEERRA O S A EmANGT A A bk (R 41438) BP614

FEM - FEIR : FEARTEE S o 331 mAZ R A0k 300m.  FEIARSIR A TR HERIY) Ol A
BOgh : RMRA - Wl Pn Geefa) - R85 - i - SRERE
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#£37H FINEB L IEEROBEE. JIHTHOTE00m OHEI.
M:MS LSS EANSD S G A EE, B | 5 BUE LERKARE (M ARRERSOFHRYO 7T > 719), By I #K
BOBREEROT Ty 7, By BB LEREEARIEND 7T 2, By ! ﬁ%é@ﬂEf&ﬁﬁR%b?’n v 7, Bs:@BEK
B3 7 EETKBIERY (MIABR) 07Ty 7. P EEOH

Fig. 37 Outcrop of the Higashiyama Debris Avalanche Deposit.

B HT R (ME) - BRI,
V. 12 BFFEE - fEpAL bk L
TEERILHISAZ T 2 IF A A b - BRI - BRRE AL - W H S - Bkl e Zh s
VTHAET 2 R HE RS « BTS2 PR G — AR ARALIL O IRE & IR5S CBTRR) . S8BT, MAPdaZiles (-

TAYAB) THY, BRILILKILOHALEXE I CHAZ IS 2> T D, THBEFRXIIE s o
BEREKRILBAKIEDO—BE SNDEREHDTHD.

12) =FHEH (1982) DERES (Fa v 7)), T3 (1984) DA KT vy 7 LIFER CAE. 72720, 22 TIERE SIThnb b 22 O
SWHTH-TH), AndZLicd 2.
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V. 12, 1 RWTFAH¥4 + (N

PEER LM D AR RT3 s 6, B B R S Mtk o0 FE N IT S LS AT CRAET B ARG T A 1 bR
HEWNILT A YA b LR /N (1963) OWNILARIA LIS & SFR Lz, AL, WNILEKHPE )7 1.5km
THLZIHZ B> TS, BA - AN (1985) I g, A IAEXIEM LT, MikErfEIchEh,
wRLILkICEbh 5. FTHEREE LT, 034+ 0.17Ma (EA - AN, 1985) BAEFo6N TS, H
RIERBL T LIEETH 5.

AETIR - FREEIRODLINE RN LT A P A BT, SmmUTORER - ANA L, 4mmLLTOR
Ef - A EVEED. CIACLVEERERSZERDS.

HER A A SR A AN AT A~ (R 41439) BP988

FEH - FEIR : FENETNILRHLO T, 927 m A% & SO FE 200m. TAA .

BEdL c RHEA - WIEANA (Fekk) - $-85 - SRaRn - MWimiEa - Aot - BERL

Fil HTA BER 8L T a0y 7k BEREIRENEABEE TH S, ££02-05mm
DAT x VT4 MNBBETD.

V. 12, 2 fe&fLkil (Nh)

B A RIEHOS AL FE SR 0624010 (1174 m), 1310.0m I, 1309.4m 72 & % TR 5 M a2l
B OWEA 22 LK L 2 FEARAL IR L & RS, ARG S 2 18 DAL HE R 3 A T B LA I 2 8k <
DHT HDHTHD. /NIF (1963) DIERALKIEIEZ UHR LT, /NP (1963) (FAERALK LA E A 5
Hh, IERILIIEE, e, TH R, ETUCXY Lz, ASBE sk o £ P 228 LA v e O
TRREETE, /NEF (1963) DT NBMEE OIERIRICH 72 5. BT OFGE CIIARREELO R T D IEE D3,
TR D FRE CIIFETIEE DIRNAR S & FF o kiR 2 oD . AARRERME FALTIETH 5.
I X ME M ¢ o0 K-Ar 4E{UE & L C, 0.63 £ 0.02Ma, 0.55 + 0.03Ma ($fi [, 1985) AL T 5.

AANEHFIRE - [JREDOOMENL IS T, KE S 2-8mm ORHRA - WilMPa - HisEika - SER0HE
hAEET.

SR A e TE A P A 2 1%S (R 41440)  0b-583

PEHE « FEMR © BHARBERT RS 1L OO 1, 855 m AR A DAL ALTE O META V. HE.

BEA - BHRA - @A - EE - B - SRERERA . SE A DA TR TA A MEL TV .
Fiks RERA - BGE - 2D g - BARELG - RUSEA . SERDIGIER.

V. 12. 3 HAREBHED (Nd

I [ i e e P18 00 R A B K 1L B DAL T, 2 D JERNT A SR HERE A3 B AL Okm, JRPE 7km (24072 -
THML TS, Zhvad BIUETEHERI & FES (IR . Z OIS HICARKIIEHBTE 5 & /7 b IR
BoTND. HERMIL, ZOMHBIIFEZ IS R OSSR E2 BV, ARRIEHESRE RO R ILMEE © T
MOIERIIKILEE > TND B L.

HERFRE I, WALLHTERS SR 5D b o0, BHTAE L. Ak U CHEREmEIZH 7
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Ao TR 600m %2> H 900m AR Y L mi< o T Y, AHURFI TR EIL L D & DIZHICHHIR
PHEESND.

HEREIS, JEIE 150m A b ORGP - MK O KIS & 2 OMF TR S LS. BEHOKEDIEL,
ANALZIETHY, ZOED, BAGIERS, DOLE L2 L MEORETEOERNEEN TN D.

V. 12. 4 BUTH#RE (ok)

HPFF T U 1L oD RO 7 700-900 m OO ML A T3 2 HER & WIIREE & FE.S COTpR) . BRLUTHYE 13/
REEEHRED A E S . 22 P GIHFHC LAVURERG & KNS . K OBHITHE R PR Z & &,
e RIS o g 2 Emb RS20, KEOREEKINMERE - KILABE TH S, Ak
BIIELNTHDYD “CSVEE ThD. WA R OVNE O T, K& S 4-30em O g -
AL MRS S 7225, BHTIE L A ERANARIIE TH D), BRBOKRE S - BiftR - AOR
Ik x Th D, BRI O TIRRBKOBEVRARICE Th 5. BAFIRKEL, 2FICKAE - IR
WETHASEE L, T<EORIKEENS LS. EEEITKE HICHEL . BEmiE, K& X 4-10
mm OIRE A LR OIBETH D, BAIL, 74 A METLImm UL FORE A &M a2 & .

FRBIEH O JUTERT R « B APV - R E DA D EERE N AT 5 (R, 1953).
YLTTREE O HERGIFIE, & D50 JE L ORER D B, BRI OHERE N THE W TV T2 ATREMED & 5 .

V. 12. 5 HREEXL (No)

BERG E LT, BFRGE (1037.6m) & FOERICIEN ARG R IEEAKLTH S, 5L EoEN
TH & KPTHERE 70 & D KRR ORERR STV A, KIS Lk L & RERS, RO W E %
WCEDENDE LV, SCARMITA N TR, WEEIC L > CTACEMMTH L. i 3 RFEE
WAL FOIIETH D, AN LH T, HRERHRN - BITEEEZE > T D 5 LU, BREE KL
WMOFEUE L LT, 042 = 0.09Ma, 0.56 + 0.19Ma (K-Ar ik : 545 - A%, 1985), 0.5 = 0.3Ma (K-Ar
15 ¢ ZHME, 1985b), 0.7 £ 0.3Ma (K-Ar ik : ZHfik, 1985a), 0.4 + 0.05Ma (FT % : & /&%, 1981),
0.48Ma, 0.43Ma (BUL I 3k AL : TAKASHIMA, 1985) 355N TE Y, B KILOTEEIRSITE
k% 04-05Mat&EZTIWN

BRI It - TREEIK A OS2 2 128 C, BOIRETER SR IC R LT D, RIEHTRILAR DR
WAEED, B EIROEORERBAAL 7 oA NOIIFBEHA D B . KRR IZIRESY 25 KR HE R
T, —EICHHER D B 5T < UE LI BIKAREE N D D . KEFRHERIIE 4Aecm-1m KDL A L
I LRWRZIEAR &, BN 2%. 2 OHE2-5m T EICHE L TWD. SaIER
JRE8 — F IR~ RERIK OO R TIIAE T, KE S 4-8mmORER - H@AKNAE L KE & 2-4mm ©
WA - A A BT, T, 1M U FONABAAKRTRERE T ARERZATVS.

SEREHA A A A IS (R 41441) BP946b

PEHL « PEIR  WERTSER O CALOBEREIN . T4 L 7o K HERE) h O AR B AT
Bhah : RMEA - WEANA (FLANS, G- a) - WlEn - SR8,

AR BRA - R - BRI - 8885 - U DE. SRR,
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V. 12. 6 #B&EAES (Na)

I HA%E (IR, 1983) 13, AXIEHISR PEiGOW H B2 bM P IAR 2 ARAT A 1 MNEETH
B, SAEOKEIIE, - EEEKESC S 5. R TR LS &, FH B LKL
WZEbND. AREREMLGIZETH D, BHIRXIEH’EE TO K-Ar £UE & LT, 0.38 £ 0.02Ma,
0.42 = 0,04Ma ($H, 1985) M F LT 5.

HAIRE - RAGROT A A FCTHREESREL T D, B E LT, SRR - Smmbin - %
B - SRR A ST

HERES AL ASEFE A mANAT 4 V4 b (R 41442) MY1776

PEHL - PEWR - EIRKIE R, JUEERTAE 2 #ho PEALTE 900m.  HEAE.

BEh AR - RmA KA (Fehke) - BR0 - SEERILA - RmiRa - BER.

LI AT A BERL L SEANG. N TR T v k. BERERENBARET S, A
T2V TA MRLEIZELTND.

V. 12. 7 B Flkl (Nk, Ng)

RAS L LA B g BB B U AL 2 A PO 221 L O kI T, AL (1288.4m) & 1206 m oD 2
DOV FITE A MRS 2 IS & ORISR R 7ENHER A O 70 5. o kil & OEHDR
FRIZRBIZE S, KILHEDBIFTE 2 SIERILILKIL L W L EHEE S D, 2 BEHF: TR 0 A
EERED . EILESO B RIRREAL S IEIECH D, K-Ar FUE & L T0.34 = 0.08Ma, 0.36 =
0.04Ma (8, 1985) N EHN TV 5.

LI, RPEEOBERIC L KILREA TR S hE LKA L TW 5. Wi IdERE <l

R AR IS DIAA TV D (R - 48/, 1975 ; FH, 1979 ; #hfH, 1979). 7=, 1206m gD
A - F & 1073mIGEO THIIC BT AT 2580 His. 20 5 5 1206 mIEH IO B, BRIl
HIBIRTENHERE DR IET S
BFLER (NK)

HATRE - FBEOZIE - T4 A N T TIRRIMEESEET 5. B LTREA - 5@
P - WL - SRR A A S, DADAL - BEREZOREI DD

BERA IR A DA D A EE A S E A AL Ils (R 41443) 0b-763

EEH - BEMR  JUEERT AR T LILITH OO PERIVE 600m. A5

iR RERA - WmA P (BRIeAPIa, BE) - Wl - A DAL - S5 - SRERIA - e - BERL
WA B AFITERA T 4 > 7 A MELTWD

I T A BRI - AR - BT - BREA. AT EY T oy 7R

RILEBGENEREY (Ng)
AR RIS R PE RS LLVE 70, ALK IO —E 2 723 1206 m D FURHET D FAERIC L 2 L b 255
TR 7R TR A MBS T . A RIS TR A T MR & D55 CHERR) . HERMIITE A )11
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WISAERALILK L (Nh) & AP IIESE (NK) ORI OR Z 8, FENE EOAMRmENR . AR O 1
km 75 J5 (2 4% 500 m F2 D J5 B R HA SRR A% 1206 m I D HUANCZRD v D . HERSW R I, AREEER & [FERIC
BIBT & 51T TV 523, BT OWRAILIHMENRTFT 5.

HERW DI ST A0mMARY T, fid LI kFEEOERERPZHE EN TN D, KA IFRIAOE E
A8 S 22 1LE DBER A TS T, KEIIAHER O L. 4 O Xis i, IR mo%li A
PDRETHSD. BREREZRY & EEHT, B - ko KSR EZOMA N 621, RRE
B a2 1o Z O IPVESRR, MRRATEOXE LWEERE R ENEEND. BICEIL L EHOMAEII,
WIS BRI &R DA AP A2 A TH 5.

V. 13 &7 - i ek L

AT — B LHIE O P EBICALE T 5. RIS - NRIEE « ¥ % FH Y VZIEE - Skl -
FREEAKIL - FE K&t Tl - SEA KR LIRS CRR) . S ELE. AR RIE 71 %A ) RO
ANAEALZINETHD.

V. 13. 1 RLRILSE (Fa)

i — B LHIEACTE IO B AR = A HEK L (802m), AL (859m) () THfET % A B A
FARIE CHARNAZRILE) B L, THUTHE D Kitsa 2Lz cs LS G . BkiLZzZIa 13,
KD/ E TS FITE L1 E 2 RTEF -4 KRGRHERA) K OME 7 1L AL E O bk M HERS A\ 2 28 o Ul
HIZ LR LTy, BHAEBHIBICIRKIRIEL TV D EHER SRS, KILMETiE, Rtk
Wi RICBE Y DTV D, BIRERERME NI IETH D, &5 1R ONLAT L & OEHOBIRIT R
7R, T CHEWIUEIC K SRS LKL LKL E D 3 LW &2 D, FKILZ L & FALIC
LTHL.

B DRSS TR 13 IK G, JEIA LT3R 8 E T, SEq e LTRER - @A Ma - ik -
WA A Fle. KPR E SR O IL (704.5m) CRIZESND. EHE CIIRE & [FE O KR
HER DS, [TRE - AT KIRHER O TALIC S B b K LK g 2 B A CHEH L TV 2. 2 D KR HER
Wix Am LT O LU 2e FIK 22 LS AR L, RIBED 2L b = bt Xk LR DR R S5,
R & 5-20cm ORAICAR % L &I E .

HmEE AR A AP A L LS (R 41444) 0b-739 (ZEIIXIAR 3)

PEHI « PEIR - BATBERTAK LR )7 300m. .

BhAh  BHRA - HEANA (M) - 805 - SRR - EECR. s ANaIT A Y A MERE RO,
Ak BEA - BOTER - BREE - AN - AN Y B - AT AL EFPIRHEE.

V. 13. 2 ARWE (Fh)
FAAT — 8 FLHIE ORI TR O\ L1 (857.0m) & TERT D221 & NI (L & WS GETRR) . e (I &
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i, oo kilg & OEHEO ETFRBRIIAITH L. BFTOEAZMSIOKIIEE E X, Bl - Al
KILFEDFIHNANLE ST 7.

HAL, FREO - FRECQORIET, Amm A TOREA - FidANa - Fliie - Kiia 2o L
2mm LT ORBER: - h AL AAEHEE T

A b AAEGHE BREREERR A REGEAANALILE (R 41445) BP1002

PEM  BATEET )\ L ILTE 0 P56 300 m His.
AL BHRA - m AN - @i - SRR - BERE - 8L - AABAA.

FRAITIRKE S02-2mm T, LIZLIFHRABWIRICT 7 22887 5. H@AaNaIkES01-2mmo
FAIRT, 47304 MEL TV 5. BERNIRKE X 02-1mm THE G- Bao L aitzr LAY
A MEEFFO., DADLAAIEIREZ0AMM TIKHTH D.

G B - BAEG - BRE - RIEHEG - T T A - BERRIEW. AT ud T 4T 4 v 7 iR

V. 13. 3 v FrAYLRILE (F)
B AL O 2 0 v (733.0m) K OBES ILFTEIC A0 2 AP 2RSS - Kia 2T v )
T NS LRSS GBIFR) . A BT L2 s 228 5 1300, o kil & oBRIFRHTHS. 22
TITEEOBLUC X V&7 I - SEAILLKILRRCE DT, ARGV v T A Y VTS, M7 LT
F LA LT L TWRWARESE R LRI KRN G702 2 KRR Th 5. JESIF10mUT TH 5.
BRI AT IETH 5.
HIKE - PIKEBEOZIE T, K& & 2-8mm OfHEA - HilA A 2B

EEMNEMHEAS AT EANAZLE (R 41446) 8b-109

PEML - PESR - BABET IR 0L, Vv T A YV, HE.

BEfh - R - BlA DA (B E) - SREREA - BER - s T@EmaNa A YA MREFEO), 7
BUNTAASY A MEL TV D, AR A OS2 RO,

fikk B - BURELG - BUTERA - BREE - Bl ADIa - ) BB AT R T 0T 4 v 7 ik

V. 13. 4 /UKL (Fp, Ft)

ARBME P AL E 0 oS (1058.em) A IUTH & 35 MBI LIS - 7 A YA h kil ikl
LIRS, Sk IR E TS 2 A AR IIE RS L Ao AR AT A 1 NER A THERE )
B2 5. i 2 (IARIEDy, 1972), 3 % S0 1 LR AERSY & 5. RF 1L, IaARIEh (1972)
DA WKILPRE S 2 P LTz, SCA A IS A kiR MR 2 7 5 .

SRILXBTREREY (Fp)

SEA AR DO FAN EBRED HIR R Z ZHFIIHNT THRAT A A MRATRHERM D T 5. &
SR EFRE TR 50m Th 5. B - E R HIEILGOWIEEIC 7 Sy LT\, 2L LTHEE
FETEDS —EBIEFREAE L QD FRERE OBA TEHEREIE T 7 A KUK & T2 5 72 5 IR At - HeBRIR
BOLEOHIIR 1-20cm DR A EETe. BAITAG - RREATRILROKIEEZFF>. K& S 1-3
mm ORHEA - FEANA - RO S AR TOERD HILD. BRI T BRI oD,
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JREDIEBHICIR A - BIREAOBRA &y, BOIEm L TV IRRIEEK L TH Y SHEHTh 5.

BATHRDITERY ARG CIIESE mIto7a—a=y EhbRb. BAOA T Y r—va
A EE, BARORBIIZILTES R CTH 5. BAmHERMOMIZIT, £ mm-$eom Z & ICpkE Lz
BEARE D 70 D K — VUM 5 .

WA A S A REIEA S EAN AT A A NEA (R 41447) BP313

PEHL - PEIR ¢ ZDBEITER LA A 600m O IGEIR Y. FEAREE A AR R o .
PR - BHRE - WEAPE (BRkt) - SERRET - BREL - YEiES

LR HT A (BE - EE) - BES - BERY.

SHEWEE (F)

AT LVR S B 2 22 XA T, IUTHFF O RUE 7 & CIIFERETBESN S T 5. Yo ISR
WIS LD I S NERLL TV D, b o & bEERIIEITIE, 70-100m DHEZEDBD biLs. K-Ar
Ul L LT, 057 £ 0.04Ma (B[, 1986a) 2313 HAL T\ D, HA MR 220 K (G, Fa LTz
BRI RO ERL, K& S 2-8mm O - Bl PIn - SRE00 OB 2 A T,

B A R A B AP AEILE (R 41448) Ob-718T
FEHL « PEIR - 2/ L LTEAE 600m. A
BEah : RHEA - WEARNE (1BE) - SL - SREEEA - WEEa - Ak (E).
WEAPAIIA YA Mgz D, BHEA - 885 - RS - KA o/ EEET .
i BHRA - BADES - RS - 885 - EANE - TAB YRR - U BEY - BIKA.
HA PR

V. 13. 5 REXI (Fb)

HIAf 579 5 O (924.5m) ZHERK T 2 ANALIEE - 7 A A FOBE - Kites 2 RIE KL LIRS,
S EKILR OE T kil & OEEOBRIIAHTH S, MEKINTESZ RS L, (LTEAL) 0.6
km OWfE 7R & —H TRIERRD bILD. WEIFIKAGOANAT A A FROFIRE - READ
ANAZIET, K& S 2-8mmOfRA - HLlAPN G - BER - SO OHAE ST

AR, PEICBEV 2 (EARE 600 m DG EHIZAEHIE SR S (B 38X). ZOHIBITHIGT 24
SR TENHEREE, £ OPICPTRR -AT KRR E 7 m v 7 & LT IAZ, BTk -4 K & v
T3HT LV, BEERRTENHERIIC OV TS, BRI R O koI (FVIE) Tl 5.

AN RERE A S A EANAT A A b (R 41449) 0b-727

PEHY - PEIR - BARBEMT AR ILTEALER 500m. A

A : RHEA - HEANA (k) - A5 - WEEa - BER - KB - 85 AEOIMBITIBA LTV
%.

FfH AT A RER - BANER - RUTHECR - 885 A T u Y T v 7 MR HEREREINE SR
T5.
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E38E R XILDHEMIE. Xl (Fb) HEOBHREER 02 20 534 U258 8 % 7SR (Dw) & ZRAHE B ALl
(M), RGO E)MIZ 1AL GBI 2 RO I HBEREE (RED 25 5. EHARBHEERILILM (Y 5)
Fig. 38 Wall westside of the Tobidake Volcano (Fb) left after the Wakasugi Debris Avalanche Deposit (Dw) with its

mound (M) Arrows show traces of faults.

V. 13. 6 ALKl (Fk)

AT — 8 L HITE PE R 4 5 1L (1235.em) % ILTE & 35 A P22 1 LE DKL 248 5 1K I & RS, K
T2 6, 4805 1L LR DT oo 1E 2>, B30 (1016 m), JLil (1046 m), #h/ & (942.am) 72 & DHFIEK
DY —7 ZFOREMEHERMEHESND. BIL - Al -/ BT, BRIZLEBICAATE ST,
KINRE 25 LTV D8, 185 I1Ci, 2R IITERIC R U E SRR & 78> T . ARKINZ H37
AR IRPTE G K L & RIERIS, A2 R8) 5 PR OWTE A FEET 5. . BO/NS e, WifEED)
WCROBRDEILEDIZE > THELTLEDTHD. ALK - RFE KL E OEBEORRITI RIS, ik
HNZEEARTRINHIFE 25 LT 5 2 & &, BIEBNIC K 5 KD O LRI N SN 2 & p Bkl
E 0 b FALCATEST 2. BRBEEBUE T ETH S, ARED K-Ar i & LT, 046 = 0.05Ma (i
M, 1986a) 7%, Bl I & AERE & LT, 0.78 Ma (TAKASHIMA, 1985) 23 & 51T\ 5.

BAE, FIKE - REEIREOOLZIET, Bigh e LT8mmLL FORKES - Sl A pIa & 4mm L F o
WA - EREEA D G T

=

2

AR A B AN A% A (R 41450) Ob-639

e
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FEME + FEAR © EAERETAR 7 1L LTEAEH 300m. V.
BEen - BHEA - WmARa - MEEEa - SRERG - BREE. MEAN AR A TAH YA MEL TS,
A BRI - BB - BN - U hEid. SRR,

V. 14 & -k a ekl

FHATT — 8 SR M BRI AL B 2 K E LKL = FERRSFILACI » L il & el — 2K A Lk L & P
S GETRR) . KDL X rE RIS AZE S 5 2%, HRid ¥ 2 & 912, hAfi - ERHEN D SRRIE L 7= b 0
Thod. FATANALZIERCANATA YA FTho.

V. 14. 1 KkOWkil (Mp, M)

ARTRRHBISE PS5, 1 — 1 LA IO K 11111 (896.0m) 2 BUEDRAL & 5 Al Aok 1L L &
BES. IVBk (1984) 07K KIS 2 0FR Lo S8 (1953) O FILKILE D8, 1K - <59F (1984) 0
el A LIS T 5. K AL PI 7A 4 R & R O KT R B IR S 5.
2K LTS, % Wl R HERD & DE.5. A 1L L, b6 e e o S, 1
A< 725 TH Y, WL BED B - B MR, 57 5 < BB b o T L HEE S
58 KBTI (Mp)

KOV LT OB EIE 5 W0 DAL T AT 2RI 7 A 4 WA MRS 2 55
VEHER LIPS GO . TS 1E, OB HORT0mELE, o NHA T 10mEl b5, /MELKL
DIERE RO CR S . ARNRBRIL S ETH 5.

S K FTEHTREINE, FPIAT 7 1 MO THRE R OARTIF A Y4 M & KILIR & B 72
B IR KRETHA Clo 5. e LN PRI A 15 = L8 5. BT HHRIIZ A ORRLO 0L
HTRBNS. BOREFORTIE, &< b TEREON T ZRIREEIIC, KX X 2-dem B
200 IC T AR AT, BAILAA - KEETE AL, MrVEILRO GRS o, KX S 2
4mm OFHER - EANE - SEEA ORISR TR LN D, BATRHERYOPIZHR 7 v MR
BT A A MEE OB 55, BEABIL, 7T 2EFA P4 FCRIMICET S50
b7, ET-F S 100m OHALAST & BALA S B LIS S f RO BREEAHBNG. AU
137 (1975) 0 “BOLA 1 doT= . ATLEIT L KIS b 72 % KREHCHERINT, ilh, SRR, B0
B MO A7 B R HNS. AORIE S CHES 3mU LT, BS 15m 0Bk LIKEICE
bivd. T, B2-20em OARAT A YA PAREAEEL, FIEOR - v M A XOIEEN O
WEND. FA YA MABERH T RET, K S 2-8mm OFES - WEAPIE - SREAUE OBER &
Gt FAYA MABORTICIEL, 7T A ABERS S BARHEEDSED BILD 2 LD 5.

mE A RERE AR RANAT A YA MEA (R 41450) BP254b

PEM - PESR : BT & OFLTE 500m.  FEATRSEAE K LK AR T O A
BEA - BHRA - @A (k) - B - BERE - T@bEe .
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TR (EE) - HEA - WRANG c DAy EIKA. FEAET T ATH Y MR E <O E
Eie.

KOwses (Mz)

KPS TANA T A VA MEE T, BEROBREDHIT, ALITHRAMBEWNE Y] S THEBRATH
v, FERIEFMRICFICIE Y U CRA~ T LIS ORig OB 2R LT0 D (B 39X). HRERER
{EHNFETHS.

BHARKAG - A TRE S 4-8mm OfHRA - Wil A A L 1-4mm OEERIEA - T@kia - A
LAANRIRTRDOND. BAEITT AETHESRENA2AREL, —MTERIMMUTOAT =
NTA REFALTND.

WA D ARG S EEAREIEA S BANRET A A N (R41452) 8b-79H (55 1 XK 3)

BEM - PEAR © BATBERT YT, 594 m EZ i SR 3 200m. A

BEiL : AHRA - HEANA (BRktn) - SRR - EEEA - DADAA.

H . AT A (M) - BHER - 885 - MEARA. N T a7 oy 78k G ERT. AT
74 b (#20.1-05mm) & EERERBEINE N RETD.

#3  AMUBEEOTHE & HA-BRMENICZOZ 2B FERLVERE. B2OFEE S (W G ISV TW 5,
Jeik (R 5 M) WA bEs R ISR S h, hifi-BREEL 22, FEEEF»HILER 5.
Mp | B KR, Mz KOINEE, Ot /MEILKILBFEEE, To.Ts.Ts.Ts BRIEXI, Yo.Ys2,Y3.Ys,Ye ! A
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Fig. 39 Flat surface of the Mizukuchiyama Lava (Mz). Yufudake (left) and Tsurumidake (right) Volcanoes in the back-
ground.
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Fig. 40 Topography of the Kannawa Debris Avalanche Deposit with a small mound on its surface.
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Fig. 41 A block with open fractures and disintegrated margins in the Kannawa Debris Avalanche Deposit.
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Fig. 42 Mounds (M) at the surface of the Matsuzuka Debris Avalanche Deposit.
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Fig. 43 Essential scoria and pumice blocks of the Aso-3B Pyroclastic Flow Deposit.
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A4 PTER- 4 A KPTHERR Y OFEEREE. BRUE 2 -0 THIKE, RERBKALRT. 27— 1 m. REEAEE
Fig. 44 Zone of no-welding in the Aso-4A Pyroclastic Flow Deposit.
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#4500 PIRE-3B KPEICHERRY (B F) £ 8 O M#K- 4 AXBITHERY (6 L), EMIRERO®, $435 81k
S mEtgE, Wi EALE
Fig. 45 Pyroclastic Flow Deposits of Aso-4A (right) covers Aso-3B (left).
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Fig. 46 Concentration of accidental rock fragments at the base of the Aso-4A Pyroclastic Flow deposit. A close up

view of the lower central portion of the Fig. 45.
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Fig. 47 Many blocks locks in the Nishizuru Debris Deposit.

13) Low-aspect ratio ignimbrite (WaLker et al., 1981) DR, FH - Warker (1983) 12 & 5.
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Fig. 48B A stereo pair of airphotos of the Yufudake Volcano (Fig. 48 A
on p. 79).
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Fig. 48A
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(Fig. 48 B on p. 81).

A stereo pair of airphotos of the Yufudake Volcano
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WBHA HAHKIIOZX T LA EH B #8l~<-Y) (@+hM
KU-77-4Y, C5-8i2% %)
ig. 48 A A stereo pair of airphotos of the Yufudake Volcano
(Fig. 48B on p. 81).
F£48 B HMAHEKRKIUDORAT LV AER(ARTIR-Y) @LBEE
KU-77-4Y, C5-9i2k %)
Fig. 48 B A stereo pair of airphotos of the Yufudake Volcano (Fig. 48 A

on p. 79).
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Fig. 49 Yufudake Volcano (Yo-Y,, Yg, Yo) viewed from Yufuin Basin.

50 A EAILEKIEO RS, K8 L2KE E EREEORE LB SR Teh. FEATICAY. HAEL
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Fig. 50 Structure of the main volcanic edifice of the Yufudake Volcano. Columnar jointed lava flow overlies stratified

pyroclastic deposit.
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Fig. 51 Mounds (dark grey) in the Tsukahara Debris Avalanche Deposit (light grey).
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Fig. 52 Two flow units of the Ikeshiro Pyroclastic Flow Deposit and intercalated ash bed. A secondary fumarole is

seen at the top of the lower unit.
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Fig. 53 Tsurumidake Volcano seen from the east.
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Fig. 54 A scoria cone (OC) and a lava flow (OL) of the Oninomiyama Volcano. Mounds of the Matsuzuka Debris Ava-
lanche Deposit (Mm) is seen to the left. Mt : Takahirayama Volcano, T : Tsurumidake Volcano, G : Garandake
Volcano, f : Fan.
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Fig. 55 The wall left after the Tsue Debris Avalanche Deposit of 1596 and its mounds (Dt).
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Fig. 56 Distribution of crustal horizontal strain

in Kyushu (simplified after Tada, 1984).
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A (1975), [E-HERPE G A (1976), #iH (1979), I&WEMFIES (1980), [LlFFIEA> (1985) “FD ¥
Basszl Loo, FHELOMERAEL ETEEHRICH LSV TER LD TH .

ARG HI PN O Wi I IR 2 M R LA 5 5, HIB R OVEB O340 0> BHIE Sz b o T, WiEEsE
DRERSNT=HDITE <22, 2 OBBIEENRE P> T D O T, ARHITOWHBRELE AT
B L7ZWE & WD BERTOERE TH 5. U6 TWAERDERDNDHT, TRHIETWNTIL S RS
BORHY0.6Mak W ITH L. BEETOL < OBFTTIE, EE - RIR USRI %0 W8 I
LTHMLTVD. L, INOOHRYOR FEE TIOWEICL > TU LR TWDNE I M,
BBHIMRRWIR D FETE RV, 2O X5 3G, W ISR L E R E N IRTERE & LCRBLL
Tho. HIRE TR S (3 - ki, 1975) ROGEEEME: FHALEE (55 58 X) D WifE % 6,300 4ERT D
TARTYKINKEZG > TEY, HBRINZRHH LWEHERERT.

Wi D% < ILE-W HFATH Y, O WNW-ENE 72\ L NW-SEEDH D & NE-SW 72\ L
ENE-WSW Db D08 5. T HITTXTERBTHY, —#, NW-SE £721Z WNW-ENE D &
DI I, NE-SW F 7213 ENE-WSW PO & DIIZE T OS2 GhbERO>b 00 H 5.
TG OWIRBIE—MRICEN<, MR 5km Z 296 OIS, mAABEETE e £/ & 2
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57 BURFRIRHIR OFWIR. EFEFNOXUGORTIECERNBABERL, IEORLIELNE L BENN D 5. B
G MRRATAES (1980) 2 BE L L2

Fig.57 Active faults in the Beppu district. Short normal faults are concentrated and form small graben structures
around middle Pleistocene volcanoes.

(R - 47, 1975).

WTJE O A XU A — Rk 137 <, A — BB SLHIE N O SEA L - TR 2 & Mg 7 B oD 7
T« RMTILEL AR L, om0 A ILRO R, BOREREE T EMRH 5. 2 S ORE IS
LCHEEDERZ S D, HETNEMAHET 2 TERE TH 25 2 &, BERAER L T05 Z ERn%EL,
ZOEEIFE O MR AIIE T LTV D 2 &, WO CIiImE b, B i3t bo
HLOMWEL, o TRIKE L TRIMEDOHIEIE SR T T 2R 27 LT\ D 2 & 72 EORH8E 5o
(FFF - &+, 1975 ; AH: - FAH, 1975).

HIk PN OO W IR BN 2 P00 B SR AN D AR, JEAL AT T BB DD BRI O ZENT L 73
ROONDTETTHD. Hx DEIBIZONTOEMORFEEIIAYTH 03, Fr LW kLzEY) 5 HE X
Db, WOKIIEEZY 2 (7120 EED) OBMENRKEVHIIND 5.

AR - A (198)) 1XBIFFE OUHE DI L > T, B (55 590D M HEER) TR 8 e
IR EOTEWIEZ 3R L2, BilRIE)> (1986) 132 OHHkd 1z oW\C, o m bl o
JEDOR—Y > ZFEEIT, WiEOEMITRBEERH Y, 2o, EACERL#H TR HERHTH
% Z &, 6,300 M OEHENHEIL 0.6mm/ ETh D Z LR EEPI BT Uiz, BT HEE 8 O 1% b
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#5888  TAHARYKIKEDHERE. SHFTRE
BEMNIZEENTR S N 2 KOWBI S 5. SEHRONIE & ) MR ER % 72 R, HREOLICOBFEKIKE.

HoK i OBEORE (G OKEN) L7 7 RV KILK (396 3004 6T, WTHE - #id, 1978). )
Fig. 58 Faults cutting the Akahoya Ash Bed (Ah) of 6,300 y. B. P. from the Kikai Caldera off south Kyushu.

JEREIZ DWW TIEENR D K0 3 L WIRO 72 DIZ, Wi OISR A2 B 5202 LT, B2 RD 5 2
EBLBETHD.

55 50 XU B NG HIE 0 OTE WG & Mg & 2o d. JUN B 2 RT3 2 KM b 2 B - BRI,
ZOHROmA - BRI, S OICEO-RKIKTHH AL - RIEFDOWER 2 L, 2 OHuklz1X22mH
MIC S, FFMMIC L HEO R 2HENRH Y, TR O OEEITW TR b EIEORBIREZ RIBR L TW5.
W A3 KR DSBS 5 2 LIF, IR RIS BTN T, & ITHIB O FREE D/ &k [LED
WCEP L TENFHES N TWD (hF), 1984) ZLD—fITHAS.

VI. 3 1 &

SIFFIXIE IS CRogk S T 2 MR IR TR 7ES (1980) M UMK T HIERR - MR ol o
% — (1975) |2 X VBB B9 BT R, HUSH S ORIFFENZ B I L% M 6.9 (1596) DHIEETIE, BIFFHTR
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o [FEALT SR~ 1975 :
33700 Us
E W OE
—r = ENBTHELIRENLO(RERT) O M6.06.9
. } v =Fa-F
O  M5.9TF

T - EMETCHELHES AL L ORELN)
_______ EMEDENDH DY ZF A (HEEE)

________ TEWTB D STREME DN ) Z T X

Bt R

AU AR ETFIREEE VS =Fa—

o0 SIAFRINEIIR R 2 O FDOMENRE LR, ENRRUERGENEES 198010k, —HETROLIIKEL
72 b, REOPIFHIGERIRAOEERE AR ERECHESTRO TR RERTRE 5L 2A5B 5. 1. Fil - HE(198D)
BUTHIEA,(1986) 2 & o C, SR IEWBHSRR SN2 JIRFBROBREMKE) KR TR L. 2. RSB ERLR (1975,

M6.4) DEEFIWE - HH(1975) DRDIALEBICHB L.

. 1975 MR O E (19754 1 H23H, M6.1) &0z, 4.

BiED S b, A-FRAPTHER - EFHIRI-L > 5 —(1975), GIABQIBNIL 5 TRLE. 26 ORRISEN
DORBETHS. A BRETEOHE, 1916-1917 ;B BIRFMREOME, 1926 - 1930 - 1973 C | HEMEOME, 1927, D
AEORE, 1928-1929 ; E @ RHEFEMEOME, 1931 - 1941 - 1946 ; F : BHEANITOHKE, 1941 ; G | ERMEOHBRE,

1986

Fig. 59 Active faults and epicenters of earthquakes in and around the Beppu district.

PSR KA AL D JNAE J DK BE, HERIC & 2R O#E O1F 7>, AXINE N T & 5 7 H A

BElo BT 2 I ER B D, ZEOAMIThD DL RERS ST LREmENTVND.

Z O Ak

DIIARIIC L 2HEREIE, VI. 10 (p. 90) IZF0H L7z B A G R ICNHEREI A S 55, $£7- M 6.4 (1597)
OHZETIIRIFHORM, INAESOTEHIZH>TZANERKELTZZ EPMEZ LN TWD GRERKRFM

EMTFERT, 1982).
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IR 0 G 59 U X FIC/R L2 £ 9 I 20 RHIESESR SN T D, b o
% IIMFNETH 5. BATBHEOME (F 591X F) (X 19414E 11 A 19 B 6 28 HIZAT TRZ 572 b DT,
BATBE CRE 1 - T OHEN 17 [mld o7z GREITERY . Bl i G LTRSS R AR g K LU RFFE TS
Lo THUREERE S 4172, 19854 3 H OBLAIBIAALLIK 1986 4F 7 A & Tl OfE IR, #5REILTE
% R (S-PIRFIIAY 0.25 P LA F) & T 2 MU NRRE A &, BB FLIE DR, 18K Skm, HFEH
15km O, IZIZHRARBEWTE IR O MUl AT 9 D REFEMEHIRRE B 0380 2 Z & 3o 7o (R, 1987).
¥ 56 XD G I, 1986 4F 5-6 A IERANE CHBROMES LKL FAE L LD T, BHOEHIIETS.
B HUERAF D FEERBEMEARIL, A TITHA, %D T, AT % b OIEWE TH Y, B HITIT
FEAKFET, B AmEDZETHD.

19754E 4 A 21 B ORGP O BIBII M6.4 (KEYT, 1975) TH Y, 95 56 X+ CTILATiT L 7= 1597
EOMBLRERKOMETHS. B, KEUT (1975) TIXAEXKEHNAERILILMATICH Y, AR -
IR (1975) K ONIEL - A (1975) TiX & BICARKIEHIN O K - BILfEE ST, K% - BR
(1975) K OFH: « #2H (1975) (2 kb &. t&%@%&%limrbgﬂﬁfaﬁlwﬁﬁ%mnﬁﬂﬁﬁﬂﬁ 7> B A X s
FAPEER ORI SEIR, BARBENTER I A% CAE X g it D T
N LNV NZ D NW-SE 5[ O—HAZE L. BIFFXIEH
oW F i« ERATIZIE NW-SE FROIEETER H 1,
DG HEE D [ PN LA ST BT Ak 7 M A 3R A BR 2 [
CHImOWE (N, 1963) 2385, Z OHIFRIZEHERR T
L HEEWE OBIUNIH R SR> 7203, RILTES OWiE
DORFULR B2 2 RILER ORI TG & b
B RAZNRHN, Ziudi FOWEENM Z KMy 5 H DT
HDAREMED D D & Sl (B - #aH, 1975). (UE}: - FF
FH(1975) 1%, Z OHIRDOFTRFEAR (55 601X) 4K, Tl

BOE 1WERHRERBRORERE, 2L AKPOFRIED D, 2 SO 5

i - A (1975) 12 & B WNW-ESE F[6 O I - TR F W OZ&fr % U7 EW
TRREMEY. AR I5IE BRLIUAL
. i . BIEOHE TS & LT-.
Fig. 60 Mechanism of the Central Oita Pre-
fecture Earthquake of 1975 (Yamashi-
na and Murai, 1975).

VIL 1 & 7

K373 B REAIT 23 T HHB LN 2 BT D AR E /I OAAAEIT L < M BFED BTV, ARSFIEN
(1976) (THEHEARF I L > CEDFEMAR A %R~ L, T OO E T SE & MER, Kiloiisl,
EHEHEORR L OBMRZR E&a Lz, ITfF, MBAGHA O3] & L T& MBI O R5# iR A 03T
P, Z ORI XINE s T3 D O R (NINEA, 1981) (2, iz BRI
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BT (1987) 12, AR SN TV 5. HIER oS TRH L O 61 RITBMEEEE EIRT 3L —70
WEBCL D1V HAVEROSEENRER CH D GoMFEES, 1987). HH (1984) ITEAEHE K 0%
DJEBHIRNZ DN T, B R 2B L ORI E RS2 B2 Uiz, B - S (1985) (&R HiZh
RO ST R AT L, BN E R L. BTN B OMLESE L LN O AMIROE
TN TR T 5.

BABIX (85—Y) TOI UANHDHNIE— 10 I U W /VZFE NI s II8kH (1985) (2 X % 5Malkk
WD K LR PERR IS L 2 72 0, BRI 32 o0 vl C do 2 BRAL IR - W6 P P 7 1) O R O AR
IFBIZ® 5. 2 OARTE IO FE BRI A sk mg SR 0> 3 < R A& B H - VRGPS 5 S E B ) AdE
RHETH Y, MBS EORSy - FEARBMI Y725, Koy - REARIRORMI, ALE - R RGN ICITA
TACAE R A S O ST E = RIME VB LT 5. K E SO IANTEE RIS R TR E LTo
TEBEAE <, ERCE SR & AR UL o0 fifi - &5 R o dbkk £ <, 241 BB ER
HHC L > TIARIE F LTV 5.

HH R 30 13 > o AbALTE - IR R M O E T30 N5 (3 61IX). mEAH O —OIEXIE
MR TG R DK 3 — B VAL D b T Z A& K IRE T, o> 1Ol HUS BRI - Bl FHE 0 b
DT, INEBEFESENGE, TRLENES, 200 ENHIITETNENAMIBEHO B TH D
KL < JIEZILE BT LA L ABH LTV 5. ZO/mENHFIY S EA OFAKH L

\Y,

261 WRERIEHIEO 7 — 7 —REE, BHEEE08NIL 5. SEHNREREBIZ L IV FN, REFER2.39/al
Fig. 61 Bouguer anomaly of the Beppu district. Contour interval : 1 miligal, supposed density : 2.3 g /enf.
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V7 AR P Mk R SRR & AR IS R O FE N AT &2 5. Bl - Sk (1985) 1 BRI O HER S
CKILZE) &Jefith = RAME L DFEEZEA o % 0.3, 0.4g/cm® & U CE A2 IR BE (X K O LA A2 vy
Bl&AERR Lic. IREBEZEDN/NS W RIFRER OERDRE L 250, WTInoBRE THaRtodbdt
P — FARE S D DO H ) E BRI <, £ OB OREEIT SR, MREEOR D
HEOWHURITK IR TH Y, WTFNOBEZEOMEIC L > THHEEL Lkm X0 V. BRIEE O &
BHIROVHLSIZENET , TAOEICH Y, (REHEEZ0.3, 0.4g/ecmiiZxt L, ZhZi4.5km, 3km
EQUR/SAN

FEPNET AT 0 B K L H O it I A IR O BRI ITIE AT L CRE S EL BN THY,
DONEEIHRTEAHEE SN D IENWTBIC—E09 5. Z OREHORRREE, Koy - AR GRALHE - vEra )
FOERHT LR 5. (1984) IXENFHIO Z OREE %, KOUEEEDHVEM (ZREEHU%EN)
& BRI (R ISR N) DOIREH & & big, 2y e b O IEWE 2 ik & 5 3k
MHROMIEIC L B b DL E R

FENETAH T AR FLF T AT IEONC, A His SR 2 K 0 (L 5 /NS 2R AR B R L ERS LT 5.
Bus - B (1985) 132 DRI %, HEREW O 5340 0> & B A KR om0 & B % 72

F A — &5 RLHITE O BB e R RBUT R S 17203, AR AHIT IR EE O/ Lndh 5.

VI 2 22 W B A

R s TR B 22 G (9~ — P8 B IX)) 1Tk S 5 A R CRHRIR D TR\ VG UR IS D B
WD, FEEZETRSRIAEIX GBRERE, 1987) (5 621X) CiE, KILHIE & IEHBEO MR- R R E &
DEHIET DL IR A DKL (BT, BATE, WZE - ) &, JRBH LA TIERWD, &
DWIERAIREDB A S TRVKIER E B3 H 5. BEERBERRE THIE & OHEBH L TRV G
DU, AL I & PR P~ EOND A RFHT, KRG OA T > b B R SR O B P 5~
JEO D BB, A AL RBRO®)1P6 )7 & IR TAT G O F M O ERE R ECThDH. Zhbo
BTSN OKIEOER Y, BEY, BMEOSM L LR EOLNHORE)», ZRONERLT
BTV bDEEZD. SBOFEMIRMNT B3R D.

RASRIED> (Okuso et al., 1985) IFZE TR T —# b, ¥ U —RIREY ffifi&1To7-. Thickd
EARHIIITF = U —SRER 7-8km KV b <, FEER LN TR BEWVHITH 5.

X. & H O # &

IX. 1 JERFEOHIZE

BURFE DO IUE - FTRRZ R C RIS E D TN O MR (21T, 2% < ORI N 2R %

17) ¥ 2 U —xd (RE) [TET 2R S, MHEOX 2 ) —sUE58CTh Y, lH O K OREMEZ A S F 7 BEHILOF 2 U — il
S ORSUE AN
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Fig. 62 Airborn magnetic map of the Beppu district. Contour interval : 25nT.

LA TND. T DO KIIOTEENE, HIEHNORFTIC MBVRSRIEE & 725 Lz, BRI
BRI, TEN, mAGBE, B, BIR, BT, BROBRMARZ 52 N TE S, KRN
L 63 IR EN TV S, IRBOBET DRI, BABLOSRIRIZOWTIE, RRILOS K E Z R
FNOBITR LTz,

ENENOWRBHOBIIITHE 6 KDL Th . FHILRHONKMIRIROOPEIEH 7 RIHT 5
TV, iz, IRNOICHOWTUIREERBET 2~V 21777 hafipk L, HiK IR Uiz (5
631]).
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Fig. 63 Hexadiagrams of representative hot springs in the Beppu district.
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F6K PAFRIELSOERRBORNE
Table 6 Hot springs in the Beppu district.

B oR B R mE OB OB R K EHE(¢/m)
Spa Number of hot springs  Hot springs in temperature group Flow rate
BB B -25°C  25-42C 42TC- ;ﬁf& ZLy g5
Natural  Pumped Steam and gas Natural =~ Pumped
BUAF Beppu 702 2,039 239 2,189 302 10,872 74,717
FEMA Shonai 20 15 4 31 3,267.8 1,705
BIABE Yufuin 201 476 1 34 639 3 7,140.4 23,755.8
#F Yunohira 9 11 1 2 17 115 324
IR Tsukahara 5 2 3 94
BT Okue 3 3 150
& Noya 7 4 1 10 41

HO) <0, LI D R 0 5 BT (% OSSR OFERARZ 5. = DR LRI R S
b LEZBNS T L b, BIRFRRETCIC - OB L H 5 TNE bOThS 5. BIRFRR
MBI T B SUTHUR & 72 B A G LN C b HBGERIEBIASR b5 56 72 U C o 5.
5 1,000 M ABEZ 2 IS 7 B8 RLEAC 2 2 KIS RN E 5 HPEH) Sk, HEALA) 8km O
PRI M« RSBV AR LT 0, IS 3,000 NS5 (5 64[). 2 mibfk s difkis, 2ne
PUBIRHLITRE S O8I L) BB & o CHE S, Sk OB AL DL 7 B FEH] L7 EECHLD S
TRk TH 5.
FARHE P 2 1R LIBEOD 5 5, M H IS 106 56 AR B s 1, L 0D LI TESIE < AL P
DRI NN B D
B R T D BT 1 T 00 B A KRBk 0 LRI & b 72> T Y, RO BIES, 1
M, O, W, BRI R AT LTV 5., R SR 1, SRk
D BT Y IR DR AR & - T Uk 4 12 REOIRAEET 5. = ORIC, BIFRICIE
S OERHERIC, TR HEE B b SR DR E T, RS RER AL U R DRE
DHOBIAL, Livh, ThbHOAREIHANED R 5N % = & ARETH Y, —HOHH - B
BROETLVHOBEZELTWND.
BRI 87 5 M 2 I L CBIREAS & P02 b ST 5. Rle®, BIRFD, B, i,
i, N, EE, B OERRNE S ThB.
MR © 1< DB E LCRA I Tl 1o, BHHROHD, RIEOET &% » THADBAS
P Lo TV D,
BIURFRR © IRBIRFH L2 78 L, EWRASHE < F1E LI DM C o o 72 5, JFEEE, TRLAHTE
BIET Ok LARBS.
IS © BIRF IR L) W8 ChET 2 HUSIC 0 5. IR CURERAMATE L, 4T0HER7 LTI,
WU b TR T 5.
SRR : FVEEZ b S OARVTRRTH S, KRB ORRAZ .

18) EITHBER Y HIFHEIRNIC & 5 .
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Table 7 Chemical composition of representative hot springs in the Beppu district.

B R H REWNFRS ®A4AH BE pH Na K Mg Ca cl SOs  HCO3 ~-Si0, £ X B
Spa T mg/ ¢ my/¢ wg/f wmg/f wmg/f mg/f mg/¢ mg/l 7 mg/l

BIHF Beppu

BURF # M F & R 7910/1 57.7 7.0 147.5 14.4 22.9 39.9 92.2 54.4 429.6 192.3 K5 E* (1980)
i i E & #8 81/3/25 46.0 7.9 822 64.5 126 138 1,472 142 504 117 R (1982)
By ¥ Ty ok F Vv 76/2/12 89.5 8.2 1,110 195.0 2.189 59.471,693  225.8 105.1 367.5 As2.097 [ L+ (1977)
JH B H B W 8/3/12 79.2 6.1 72.2 5.5 1.0 18.4 37.2 77.1 102 105 R £ (1986)
23] SHETLBERR 8/1/25 75.0 6.0 1,143 167 3.3  25.51,736 382 11.8 479  Asl.4 B E  (1985)
H%: B O# # B R 80/2/14 60.0 3.0 14.9 3.1 147 14.5 23.3 152 0 64.2 H,S27.9 [ Lk (1981)
SH ¥ B @& & 79/10/2 63.5 3.3 240.0 51.0 12,5 18.6 308.0 265.6 0 192.3 R £ (1980)
il ARBHEARIE 84/9/4 60.1 7.1 298 55.1  20.8 45.6 384 151 198 132 B E (1985)
FEA Shonai

EX N H OB R R 8/6/18 51.0 84  37.9 8.6 0.1 1.0 6.7 112 20.3 128 Bk (1983)
WEA E A H B E R 80/98 57.6 7.3 1,650 165 3.7 19.7 417 3,590 140 163 A Lk (1981)
HAEBE Yufuin

HtE w5 & #% 76/6/30 97.3 9.0 558.7 46.53  0.036 1.058557.6 128.8 421.3 458 As0.830 R E (1979)
an BAREAESKE 81/12/21 90.6 7.2 180 12.6 6.1 39.2 175 51.1 287 166 B L (1982)
H WM oo AWE 72/12/1 64.0 8.0 190.9 17.59 2,422 23.06 142.8  67.91 191.4  54.64 R E  (979)
% Yunohira

& & % | B 78/8/19 87.6 7.02 452.50 20.00 1.25 50.00 562.93 120.94 634.61 143.5 B - W (1980)
THF E B R R 72/11/28 33.2 8.2 100.0 26.59 1.081 6.087 16.94 88.82 215.9  65.40 KR * (1974)
HIE Tsukahara

BE B B o B 80/11/21 51.0 2.2 69.0 6.2 76.0 132 2.1 3,337 0 274 ?;i?l’% Bk (1982)
BT Okue

BT B % % 78/10/29 40.7 7.72  9.46 5.3¢ 1.82 4.0 1.66 1.6 53 77.9 FHGRARER
T Z;‘El’#ﬁ” F:k%g 65/6/27 57.0 8.2 55.19  8.210 6.737  9.299 KR (1966)
F%& Noya

g3 N B % %k 75/12/13 36.0 9.60 45.7 0.257 0.00 0.67 2.25 9.45 123 32 B H RAREKH)
5 o #B = F £ 75/12/13 16.0 3.73  4.83 3.28 2.23 9.70 2.15 112 0 3¢  HS4.16 [E

*RSBERHEEES

[
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%645 FURFRAOMEE - R (X) & —ﬂﬁm;’i BR) O)MEIZ]. FII - BT (1976) 124 B
Fig. 64 Fumaroles and boiling springs (cross) and other hot springs (dot) in the Beppu district.
sl
FRERIR R - BRSO RN ST HIRRIEHOT LM TH Y, DV OHFTLH S
RS - AR L TR SRR RSN, FEHEAE L L D A0L 0L DS,
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5.

IR - AL oW R A T WETES TH 5. ERICR 6D K 9 iR IEB ORI
D WEAIRE ABLBUTEE TIZ7R .

RN
BIIFCIX, HH2 515 & 1 D BRSNS 72 EOMBIEENC K> TBEL Bl B EFRL, Zh

KA 3 5 D < D IFBFBEDO B E L 2> Tnd. HEE, BHRHO R ILmiIC OIS EH L

THAMLTND (HIER). ERHRIITKO LI Rb0O0RH Y, FHFOBKORSTITHE 8RN L H T

H5.

BAHR - R (EHER) O LR E RO SOMREEHROMAR THSD. 25-30 47 DA BV THEH A
VIEL, RO E ST 20m IR S E WD D A, fERBILEOT=DIC KA EENTH Y, EH TR
V. BIRIRD L D NWTES v 7 o V= DZEHRGIAHAER & L THITTh 5. LT - FHi (1986)
KDL, RIRADOTA &G BT 5 BUK MG R R O mVER 2 a4 1T, X8G5 E b
b LTS, @A, BXBXRE, HTICHREIT 2 2 LIl o TEIES 22 &b DHE
9T, fHE KR OB W BOKIFRIBRBEIC 2 o TV D T L RHER S LS.

DL HIR « WEHER & SRR P O RE 72 6 DT, JA X723 1,082m? D3T3 OO ML AR DS BB LE IR
(TRERGEFE) DI DIALEAT, TOTH MO E A BT HI TN D, fOIRTP LB E O
RS (29.3miE) IiA%, r— MRAEE L TEY, SUEIERE&EE 136.3°C 273, Uk
13.40 |s, JigB & IE 1.151kecal /s TH 5. THDIET & LTI, 18754 (TR 84F) LIk, $4F -10
FUEOHIRT 9 DIER OKZERUIRER) BhoTc LSO TN DA, 19274 (BBFn 24F) LIRITA Hi T
W2 HOILIEIIIEEE N ERT, DAY VW, o -2 U A MVA, ZRICDEDOE VT
Vv f, REFMRL D, MOROEAREBICITY Yt/ FbROND.

WEHUR © DM & 0 SR & 7o MR ©, 260m? DiE A 0. MR 1 A1 3,600t & W\ ir T
5. MOBITEATLEET, HROADHRE 72> T D, ZOEITEKHRERS Z EieToh &5
PSS TWDH, EEEOMEBESHREITHFCAELZ2T21EEEm TR, BOARFTVO LR U KR
HHEIC LD RBLEDNLS.

FE8K FIFFIRR DORIROIMK DS

Table 8 Chemical composition of hot water from hells in Beppu.

B R % BRKEAE B B pH Na K Mg Ca cl
C mg/ £ mg/ £ mg/ ¢ mg/ ¢ mg/ £
w/ ok W R | 717/ 85 2.8 613 93 17.9 13 888
o ih &R | 71/7/- 64 2.5 700 103 17.6 13 1,003
% # B | 71/7/- 68 2.9 383 57 17.3 22 965
H o o B | 71/7/- - 8.3 450 30 2.1 26 497
# L H | 85/1/29 80.8 4.4 1,226 171 3.9 32.5 1,879
B PR | 717/ 74 3.5 1,298 92.5 2.0 6 1,958
& ¥ W B | 78/8/18 97.5 4.10  1,300.00 215.00 4.00 23.00 1,982.21
W o# B | R
HoE M OB | (voF-Ey )
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R © 4R A 0 LIAATE LD ICAL B il B2 2 &0 A & TR T D, BRI
Wz & T EAER D, MOPICIRIAAL TIREBIZHZ D2 E A< #E->TL D, T Y AR,
HAICLVRFEICHBREZH Lo RROLEIREM E 227D THD.

1= RHUGRK : A& A L DMNBKREZBNRNDH O SENDA~ ROARDHDH. X /3aDflile 8 &R
DOFIZIRE AND EARRZD B L AL 5. JEOR L 72 0 IREEKDS —BHIENE T 26 Th
2.

IHK : RKILTH Y, HFRITEH LI LR L CILoBRAHN S O Tk & Frd 5.

ik - JBLERE -0 0 LIFEPATIEEA S, WbWwab~y KRy b Thd. RORIKGLEMIZIEE
SN TW5. 19254F, RITVIEARE A B ARRA) O HEFETE (1.12kW) (25 L72Did Z D Th
5.

B DAL
B HEX CRIE SN D OB O KILAED TH Y, JIUFRROREN L LTA v A2 b

IRROFFEIGRDRBEE 2B L LU HIRSN TS, BofEE, K rEs, 2o

RiZHEWRL @) nroalc@ Rt 25O CEEO ZgRIRE N SEGOE/ e TS

D, MR L CAEUZHEES R £ F O Fe, Al &S L TR LB T L =0 A, GRS

DEDERTH 2.

ER
FER A TR oy I ik, IRSR BT 030FN 40 AR 20 & BRI T L 7o BiBliR R ik C b 5. 7

IVEREGAET DI EICK Y EBAEFEOTWD Z L L, RIS BNV RN L RS TH o 12,

BOECIIEREO b OB RO -> T D, IRIRBIFEEITT 2T, BA)iL 100 ¢ /45 % B3 3R R

HAVZA, Filt TIX AR Y B 55E@IC /> T D,

=i
AT eI SR T AT e 2 oD FR USRI 3 2 H ARIE HH OTR SR MM 2 DM IR L C & 72, miROTRIRIZA

Aile AL R Ui AR BT IS\ IS 0 (55 65 (X)) . BEFN 40 AR LAEHRFRICETE A &, ZNET

IR D 72732 T I F CRRACIREMIEHI S h, B L2858 biThh s Lo ckhot. ZhIUCf

72V, BRBHRE THEERN O OBHENED L2V, B\ETIC L > TUIBHMEIET 572 £, HFRR

KEDKTRELHIE LD TS, FEhotcEWHMIKE (FA) b4 TIEML AbDin. Koayllo—

SO4 HCO; Si0; Z 01, xOW
mg/ £ mg/ ¢ mg/ 4 my/ ¢
380 0 236 As0.80 BH CRAFKER
570 0 230 As0.98 [
470 0 215 =
460 55 180 Ak
315 3.0 365 Asl.4 KA BIBRAERFES (1985)
262 0 508 As1.13 B H CGRARER)

349.32 9.15 499.9 KRR REH S (1979)
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#65 MABRADEAIEN. hE18)IL D
Fig. 65 Hot springs in the Yufuin district.

DOKIFIZ B 72 2 EEIE, K EBIROW G BBEBNTWLE DS T2EKMTHS.

BRI RN O, AT OBRITH - THI300m 272 ) mIELTWA. JIDFIE03 72
D S AEOERMT, EIROSAINOLERITRONTND ORFEMTH L. BIFHRICT S HO
HBHZETHMLN, BRETIE, BEORDYICHROEGZHT 5.

RIS ENTRIROMAICH Y, Z LI EREICEERBZER LTS, EHEOJIRIE CaCO; DIk
FEREI DT W &, JEBOFLLIETNTWS Z &P, FRHEFICHELZ T TS, 20k
LR O L DPIR TIE CO, H A EREIAB A — v OH &P IET 2 TRET > TV D.

R

&) 1,045 m OMIES O ILUTED 500 F A3 o 72455 800m OFNZEFIRIR A 5 (566 [X). Mzl
RTAl FeZ I UWEBOERMK I ZEH LT D, IRIRITHOMEEE O LM CIE, BUEDIER M
SIEBNRH 0, ZEHOA LRI ST D, BRI, O KL T AP EEKICREAA T,
BLlinat 52 TBERENTEEDTHD.
BT

BTEERDBEIZN- T3kmIEE TIUTHICES. ZORFOEENSBILT, HEVIREDRE
RWRRTH L. INTHAMAEOR—Y > 7 Clidnyie ) OmBSHER SN TNDD, MRS R Tk
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660 MBS AFEIER
Fig. 66 Tsukahara hot spring looked down

from Garan Dake.

IZZ L. HEOBEICKE D EEMIEAANARILETHD.
X

B RMK T, ZEOMIROBARRLKBUE R BB R PAEL TV D, BIZIE, KOO FE2EBLT
WDARAIRDO KRSy b RANOEKS 25COWREZ T, 2 b OEEEIZE B L TITARD OIRIR I
HHI SN, E-HEGER O GRMg S LR Sh, ERADT, KoR, Sol CIEHyE R
IZ L D1 EHX OFRENTHOI TV D,

X. 1. 2 thEpEs

BRI, DOEOHZBIR L OB L 22> - TH 5. 19194F (KIE 74F), MEEPRFILNTHIBN, b
DEOBE )72 6 ONTREIO R R A2 B L, ALE D & JUNIZE 5 & KR R HL X O FEHEE A o 55, 3l
YRR OATICHIZ RO, R—V 72T, DWNIERZIY YTz, ZAbREICBT D
BHBEOHE B Th o7z, OB EBHKRSHIIEIRATIEEE, (N OHE - 7285l (5
RMERAL) ZFUA L, ZAUCHEER M LT, 19244 (KIE 144F), H2AEYIH TOHEREE (1.12kW)
W L, ERRICERRZ AT LT,

BRI T AR C, 19484F (WFN 234F) HYELFHAS NI 30T 7= 72 TR C & 2 BT RIS A [ HX I TR —
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Uy T EATOVER 2 Y T (FERAIRESILD. LoL, ZORMTANMER SO N T 7Uh8E% L
72728, 1950 4F (WEFN 25 4F) 1m 5 &7 12 EBRAHME L& HEHI L7z, BEkdl s, 195145 (I3Fn 26 47)
[CAD EBWRREZ T T2, SRR A & KB O B R KA EFIA L TIro 2 &
2720, [WET H, 30kW O ST ICRE) LT-.

RS LXK 20 38 < 22O BIFF LR SR DA )9 R T LTIk H Z A O MBS BRGS0 5. [k
T ATLRT» B HIEADZ BRI 21T - TOIeh, TORBEILNE L T oo fb R, AFRE L BEd
DITE ST, FKEFOBRRE, 19794E (FF0544F) 12585 T84, 19814 (BF1564E) L Y HiJ) 3,000kw T
HIRZIT 5 TV D, ZIVETIZ 247-778m DHUH O R ZHEHI L, HeriiEE 245°C 215 TH Y, 5 BLEAN
EEIFIZTETHNTNS.

BURFRIRESC b HIBABRRE O 72 D OFREIM TN T\ 5. BRR T 19524 (BEFN 27 4F) 12 132m O]
NTbh, I TH{EERE LT, A=V v 7 ORETIREIL105°C TH Y, 4 H LEX I
NTN5.

N & 2 EE 7 PG T 197248 (BFD 47 4F) (ZBAn S 4L, 19744F (BRI 494F) Do v o L EHEIFE
JEDYE L g o7z, TOHITIE, 19754 (W1 50 4F) RE B ERERAIR B HIR ORI - /Koy HIKIZFs
T R, AEA, Uk, WERENA, 1976 4F (WEFN 514F) HIZNBHIERS & R A I B O B R X 2 ds
1T % 3ARDTEHHHI (Z D55 B1-WT-LITAK « BOKRIKMEH), 54 HOEABH R SRR 2 (s 7 b
WIS T B AV, WA, EAMA, 19784F (HEFn 53 4F) HuFABRFE AR AR /Y U Z 35 1) B Hi{k %,
R, ), MUNHUERAA, [F)AEHhEARR S AL AR A I G MU S B B IR HHEN] (1A, RERE
FHHEBABH JE BRET AR 0 R MU L 351 B 2 RO FRE A (53-NOY -1 Hh b IR - BukZmih),
1979 4F (WAF0 54 4E) HIBABH S SLREFR AL O FHUR I d6 1) 28B4y, Mk, HoBde, ER, MM,
[F14F B BH 78 SE BT K 3 Ik sk 2 35 U 2 SRS HHRET (L AS) 23 S a7z,

E O & 1TAN, Koyt 197645 (IBFN514) LV HEICRY HL, BR - A HIKIZR T 197848
(WEFn 534E) 1T GO-1, 19794 (WEf1544F) 12 GO-2 DATAEHEMHI L=, 2D 55 GO-2 2 b1
R - BUKEH L7z

F7z, #EHIX T 19794F (9Fn 54 48) LK, HOGHIEBARMRASHIC LV AR ED LTV DA,
4 B % TIZ 700-3,000m OFHAE S 15 HL & I, AR - BUkB G LT 5.

ORI Z OMIBICHIAI S - B O —TER, B 10K, T o OHEHNSE LN - Bk
DI —EmEKTHD.

&

BIFFTTHE H £2 DBRESF 22 1L T ERBVKMESIR NG L, BTS2 Z L3 5. LIToftdu
INZ A (1952) R OFERD CRAFKEED 12485 .
B (L) SR

BURFTT G, HERHAT I OB 221 L8 PSR BURME S IR A IR FET 5. @JRfiM L L THEk
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Table 9 Geothermal wells in the Beppu district.
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mEE  mEEE REmE R MR W X
ow rate
> -
Year Depth  Max. temp. Steam  Water
m o] t/hr t/hr
BURF
BREKIL 1919 (LI R Gl R A V3 A TEBHIT (1952)
19254E1. 12V D S ERER IR TY
BEEBA IR 1948 110 150 2.378 0 19504 I IEBhES £ 5 ALt
HEEBRAFHESIL 1950 102.3 140 2.05 0 19514 I IEBIER T 5 il
H I BEFI A0 141 1.76 0 EMEHKHA, 19514300 Rk
RERBICHT)
1979 247-778 245 (40)  (4) 9XEHID L5 REREICMA, AR (1985)
BT AR -1982 W 5 A0AEHE
X - kF
HEAAR 1952 132.5 105 0 AR OREM SEAFFAHE (1955)
. H A& EFH
51-WT- 1 1976 700 172 0.72  4.93 K - Sk ERES REEL Y P
(1977)
51-WT- 2 1976 700 11 0 ALt
51-WT- 3 1976 800 69 0 AL
B 7% 4 25 % 17 B
53-NOY- 1 1978 1,002 156 5.8  48.5 BREL Y
(1980a)
53-NOY- 2 1978 762 142.7 BITH .t
54-MW- 1 1979 801 114.8 0 L1979 ¢)
GO-1 1978 700 141.6 0 R (75m) THEREL ) #uk % KB (FLME)
SEEH
GO-2 1979 700 159.9 L - Bk EBEH KB (RuE)
e & H 7 i 2 % 1R B
ZLHUR
53-GR- 1 1978 601.2 >250 Gkt BB Y F—
(1979a)
Lk
9 1979 700 15430HI, RS - Bk LM =H(1984)
Hi R B -1986  -3,000

S5 - BARG: - BEERGEZ G T, BENRICIZ NGBO-85°W 2D b D & N20-40°W ZDH D ENH 5.
Z OFARIT 1903 40 5 1916 4R F THAT S 7.

BIATIEMERICHKE Shiz b Tnd. BRI

13 14,303t, MoTHLX 13, 772t, 4 RiX 143kg, $RE(X 257kg TH D . BRIESA OMALITR L2
Aul2g/t, Ag32g/t LHEE ST 5.

%

AR HIR P 3/ N AR ERIEIR DI A 5. TRLOD 2 KIS OV T, ARAALERGL & L CRAE S
N2 EeDRHD. LT, BREOMEFIT L > THKIET 5.
B AT BENT B AT
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F10FE WHHFDLH/ONLER - BKROES

Table 10 Chemical composition of steam and water from geothermal wells.

sk % HREAR B OB pH Na K Mg Ca

T mg/ ¢ mg/ ¢ mg/ & mg/ €

51-WT- 1 $52.9 .8 98 8.95 545 16.4 0.41 40.3

53-NOY- 1 $55. 2.7 8.95 483 40.1 0.14 16.0

GO-1 $53.11.2 8.27 45.7 20.2 9.84 34.8

REVHA WREEARH H,0 CO; H,S R
vol/% vol/ % vol/ % vol/ %
BEERAIEEAIL $23.12 98.77 1.22 0.0074 0.012
HEESI $23.12 98.75 1.17 0.0051 0.079
53-NOY- 1 $55.2.7 99.88 0.082 0.0029  0.035
BARBENT IR, PRI ALTI ) IR W O e E JEIROWERILFLE N H Y, 1941 5 1957 % T

TRl BRI 35 A D ALTZ. Fe ShfiZi% 40-50% THLEITA 18 it & FA S L7z (R4 IR, 1959).
B BEHT 5 7 SEHR I

BAATBERT 55 V-l 5% P8 5 O BRSO IS ERRR 11 LIS P, KBSk DL X D8R3 5. 20
TERPIIIAEFEMICEHE LR L UTHRIESNZ IR H 503, @i s L TIER L2 XE L 0N
ol b LW, BEEFLR & L TIE, Fe30-55% C, TABSL&EILN 17 Tt THDH. 1960 4613 A € 50
tRRERIE SN, 2R - £ 5ASOEGRR L L THMT STV (R4, 1960).

X. 3 HEft A -

BT AL L2 5, Z O, ARG AR AT C, @l - A0 L LBE R OV A - 5.k
IEEPICMR AN IEET D, T OEEMOEE R DL WVERAE DRI S, BIFA o4 THRS
TS, LUN ORI (1963, 1965), Koy BB H AR (1951), &)1 - #IL (1974), T3
HAGER R E A S (1978) 22 LIC X 5.

PRPRITBIRF IS L & 2SS B HEE, ZomPEshL, ZovE ), k&R OmE:E o 4 KT
BB, B - BEGIR L T ILK L O SRERE B 72 72 HERE S TS, SRILGEAR I s P ILaE i, 7=
B EGHROR IS K 1L 6 2 OO R KILNZANT T, TRENIEE L BESHFICEET S, o
DEEHIIFEAENC L o TH U 72 IR IR A S A P O &Rtk 2 L 2R S iz b o
T, POHEBOMREEMERIR & OBOREIIEE L (BIAR) # L7220, T HIMIIA A CHHESRHT - it

WAV g 'R BT A M) HAEBEENESIT S, LA, 2 OFRESNITE IR
WWHZELTND DT TIERLS, —#HE2X< &b D.

BATHHE S T2 b o3k (BAA) HHOEATHD. SAIIHE E2100% U, At
ThY, Fk - DROESHH D, SAERIR, 81T & bICFEOA IR LI DM A PR AF L T
HORRHHND. LoL, ST CIIEESZ2RST, BR2E/EATILL TV, XD o -
JURMNTA FTHD. H 1L RO Z RS

1987 FEBERRIT STV D DI, MMBEESLR OB A LEREREIAL DA TH 5. kIO 1978
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cl SOy HCO3 Si0; " % X
my/ £ my/ ¢ mg/ £ mg/ ¢
488 385 168 224 KARBRFEFES (1977)
564 226 87.4 272 A AR SEFRFHREAE Y ~ & — (1980a)
5.32 45.7 218 46.2  7TSmMEHAK RSB (1979)
H & X
TR (1952)
[

B A B E IR R+ > & — (1980a)

FIR FIFRTHWE (%) ([@H, 196512k 3)

Si02 TiOZ AlgOg Fezos MnO MgO CaO SOg Hzo("“) Hzo(“) Total
14K | 87.77 0.92 1.57 0.93 none 0.08 0.30 0.06 3.27 4.74 99.64

TWHY
TR 79.86 0.13 1.19  0.65 none 0.10 0.06 — — - 81.99

BrE & FH

DEFERIZ 30,0000 (ETH U, & A b, ALFANCHIT Sz (L3RRGS Sl e, 1978,
p.195).

Z OIS ARIFEHE COISBIELR E LT, ARTARA A MBREN TV ERnH D (B
W, 1973). FALTIHFERIPEREIN T2 035 (b, 1961). LrL, &6 L iR
HTH5.

X. 4 # -+ W

»Aa
JE A 22 LA VAR O BRAR 7 tUDBUE R AN, H AR & L TERIE S LT 5.
ABRHT BLAR M D 74 BAEAR X BN 70> & AR BIE MUIBCEE AR V5 7 12 T, WA e A L,
ANREZIEPFHSATODS. BHRlO/MAEES b ORI Tz, BUEBITPT TH 5.
DERHT E b I« B2 b B AERRIC X0 &hily RZIEDTRIBSh T0 2. BAERIEPTHS.
DA R - (I E A T3 BRI &0, L2 LS PR ST D, BTEBITH Ch 5. (39—
TH21K).
BB BURFTT A OROM ST, /IMEKREIHERE) T OV S 1985 (FE £ TEHRIE S L TUVe.
T
A LEENT L0, MARAAHERI A Lib & U TERIS TV 5. 722 iR I30EE T o R
D EPREMTHS.
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GEOLOGY
OF THE

BEPPUDISTRICT

By

Hideo HosHizumI, Koji ONO

Koji MIMURA and Tetsuro NODA

(Written in 1987)

(Abstract)

The Beppu district is located in the easternmost part of the central Kyushu volcanic
rock belt, which traverses Kyushu Island and trends in an ENE-WSW direction (Fig. 4A,
p.8) . This belt is largely occupied by Cenozoic volcanic rocks making a marked contrast
with areas of pre-Cenozoic rocks to the north and south of the belt and is called the Bep-
pu-Shimabara Graben. The belt, especially the eastern half of the belt, is geophysically
characterized by low gravity anomaly and pronounced magnetic anomaly (Figs. 4B and 5,
p.8-9). The younger aged volcanic rocks tend to be distributed the more inside in the east-
ern half of the belt (Fig. 6, p.10) . The Beppu district is at the axial part of the belt and con-
tains the youngest volcanoes in the belt, Y ufu-Tsurumi Volcano Group.

The district is topographically divided into four areas : the northern, western, and
southern mountains and the Y ufu-Tsurumi Graben (Fig. 67). These areas are bounded by
major faults. All faults developed in the district not only these major ones, are normal
faults with clear topographic expression.
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Fig. 67 Topographic division of the Beppu district

Geology of the Beppu district is summarized in the Table 12. Besides field geology, re-
sults of age-dating and magnetic polarity measurements were useful to establish the time re-
lation of volcanic rock units, which are otherwise similar, and without direct contact. More
than sixty age data, mainly by potassium-argon method, were especially informative.

Most geologic unitsin this district are volcanic rocks, with small amount of sediments,
of late Cenozoic age. Pre-Cenozoic basement of Cretaceous granite, however, is exposed to
the north and south just outside this district. Distribution of age-grouped geologic unitsis
correlated with the topographic divisions as shown in the Table 12. Pliocene and early
Pleistocene units are distributed in the northern, western and southern mountains while
late Pleistocene volcanoes of the Y ufu-Tsurumi Volcano Group are only in the Yufu-Tsur-
umi Graben (Fig. 8, p.13) Bouguer gravity highs to the north and south of the district and
two NNW-SSE-trending high belts connecting the north and south highs well correspond
with distribution of Pliocene and older Pleistocene units and suggest shallow existence of
pre-Cenozoic basements (Fig. 61, p.97) .

Pliocene and older Pleistocene volcanic rocks are piles of lavas and pyroclastic rocks
and have mostly lost original volcanic landforms by erosion and especially by fault dis-
placement, while middle Pleistocene volcanoes still preserve volccanic forms of central eru-
pion type. Y oung volcanoes of late Pleistocene manifest original volcanic topography.

Volcanic rocks in the Beppu district are from olivine-rich mafic andesite, pyroxene
andesite, hornblende andesite and dacite to biotite rhyolite and constitute a suite of calc-
alkaline volcanic rocks (Table. 2, Figs. 9 and 10, p. 16,18). Volume of mafic andesite is
much smaller than that of intermediate to felsic andesite, dacite and rhyolite. Olivine-rich
mafic andesite forms a scoria cone and a lava flow. Pyroxene andesite occurs as thin to
thick lava flows and pyroclastic beds. Horoblende andesite and dacite construct thick lava



Table 12 Summary of the geology of the Beppu district.
NR : thermoremanent magnetizatation (N : normal, R : reverse), numerals : K-Ar age, magnetic stratigraphy : MANKINEN and DALRYMPLE (1979).
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flows or lava domes with lesser amount of pyroclastic flow deposits. Rhyolite is emplaced
as pyroclastic flows with some thick lava flows.

PLIOCENE SERIES

Three units of volcanic rocks of Pliocene age are separately distributed in the Beppu
district. The Kankaiji Andesite, exposed to the southwest of the Beppu city, and the Mizu-
wake Andesite in the western mountains are groups of altered pyroxene andesite. The
Kakura Andesite occupies narrow areas at the southern margin of this district. It is a thick
pile of lava flows of pyroxene andesite mainly distributed in the Kuju district to the south
of this district.

LOWER PLEISTOCENE SERIES

Lower Pleistocene series are subdivided into the first and the second stage groups and
the Y abakei Pyroclastic Flow Deposit inbetween. The first stage group comprises six ande-
site units, three rhyolite or dacite units and three units of volcaniclastic or clastic sedi-
ments.

The Shinohara Dacite, a unit of subaqueous lava flow, and Sakeno Tuff, deposit of also
subaqueous pyroclastic flow, are distributed near the southeast corner of this district.

Units in the northern and western mountains are products of subaerial volcanic activ-
ity with intercalated sediments. The Kawanishi, Karutoyama, Y okoyama and Heikezan
Andesites are andesitic units and the Sozu Pyroclastic Flow Deposit and the Komatsudai
Rhyolites are rhyolitic units. The Takajingao and Hitomidake Andesites are piles of gently
north-dipping lava flows in the northern mountains. The eruption centers of these lavas are
thought to be located to the south and lost by fault movement.

The Yebakei Pyroclastic Flow Deposit is a welded and non-welded deposit of large-scale
pyroclastic flow of hornblende dacite. It erupted from a source located to the west of the
Beppu district about 1 Ma ago. The plateau near the western margin of this district is the
most southeastern part of the wide pyroclastic plateau northwestwards of the district.

In the second stage group of the lower Pleistocene series are three units of very similar
dense welded tuff of pyroxene dacite. They are the Imaichi, Yunoki and Hijudai Pyroclastic
Flow Deposits. The Imaichi Pyroclastic Flow Deposit which is another large-scal e pyroclas-
tic flow deposit and occupies wide areas in the south-adjacent Kuju district, cropsout in a
narrow area near the southeast corner of the district. The Kurakiyama, Tokuno and
Tokiyama Andesites (Fig. 21, p.39) are lavas and pyroclastics of pyroxene-hornblende
andesite or pyroxene andesite.

MIDDLE PLEISTOCENE SERIES

After the volcanic activity of the lower Pleistocene, the northeast side of the Tsuzura
and Shonai Faults (Fig. 67) were down thrown and paleo-Oita Gawa River valley was
formed between the northeast-facing cliff of the Tokiyama and Kakura Andesites and the
southwest side of the Kurakiyama Andesite. Volcanic and sedimentary units filled intermit-
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tently this valley thereafter up to the river terrace of present Oita Gawa River.

The Mawatashi Formation is the earliest sediments deposited along the upper course of
paleo-Oita Gawa River (Fig. 22, p.41). Early volcanic activity in the middle Pleistoceneis
dominantly rhyolitic. The Y unohira Rhyolites, overlying the Mawatashi Formation, compris-
es the Ayukawa Pyroclastic Flow Deposit, Fuchi Pyroclastic Flow Deposit and Mizuchi
Lava. The Ayukawa Pyroclastic Flow Deposit is characterized by alternation of thin units
of ash flow, pyroclastic surge, pyroclastic fall, mud flow and water-laid deposit (Figs.
23-25, p. 42-44). The Fuchi Pyroclastic Flow Deposit is composed of thin nuee ardente un-
its and the Mizuchi Lavais of thick lava flows with pyroclastics. The Kamiyashiki Pyroc-
lastic Flow Deposit is piles of characteristic thin layers of pyroclastic surge (Figs. 26-27,
p.46). The Nishinodai Rhyolite is athick lava flow near the north margin of the district and
the Ishibu Rhyolites consists of the Minamiyufu Pyroclastic Flow Deposit and Ishibu Lava
distributed in the western part of the Y ufuin Basin.

The Yufugawa Pyroclastic Flow Deposit is alarge-scale rhyolite ash flow deposit occupy-
ing the southeastern part of the district. Altitude of the upper surface of the deposit is
higher northwestwards (Figs. 28-32, p. 48-50). Major part of this deposit is not or partial-
ly welded but some part along the Oita Gawa River is densely welded. Possible source for
this deposit is a narrow gravity low to the southeast of Yufu Dake (Fig. 61, p.97).

The Hinadoyama and Y ufukogen Andesites are andesitic units of this stage and the
Onoya Formation is a sedimentary deposit in the paleo-Oita Gawa valley (Fig. 33).

Volcanoes younger than about 0.6Ma preserve original volcanic topography as a whole.
They are products of hornblende andesite or dacite except those of the Ojikayama-Ama-
goidake group of pyroxene andesite.

The Ojikayame-Amagoidake Volcano Group occupies the major part of the south moun-
tain and consists of pyroxene andesite stratovol canoes, The Amagoidake and Jogadake Vol-
canoes are situated in the south central part of the district. A few layers of lava flow down
from both summits (Fig, 34, p.53). The Ojikayama Volcano bounds the southwest side of the
Beppu city with the fault scarp of the Asamigawa Fault (Fig. 67). It is composed of units of
lavas, pyroclastic flow and debris avalanche. The thickness of the volcanic products in-
creases northeastwards. Eruption center of the volcano is probably to the east of present
distribution and was lost by faulting.

The Noinedake-Hanamureyama Velcano Group is developed in the western mountainsin
the southwestern part of the district and extend southwards in the Kuju district. The group
consists of lava domes of hornblende andesite and dacite. Noine Dake and Kuenohira Y ama
are main peaks of this group. A flat surface is developed at the foot of the Noinedake and
Kuenohirayama Volcanoes at altitude of 700-900m, where is underlain by pyroclastic flow
and debris avalanche deposits accompanying lava domes and the Okue Gravel Bed. Lava
domes are cut by many E-W-trending normal faults.

The Fukumanzan-Tateishiyama Volcano Group is a group of hornblende andesite lava
domes in the western part of the Yufu-Tsurumi Graben. Some lava domes accompany
pyroclastic deposits. The Tateishiyama Volcano consists of the Tateishiyama Lava and

Tateishiyama Pyroclastic Flow Deposit which underlies the lava in the north side of the

volcano. Volcanoes of this group also are cut by normal faults trending E-W.
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The Takahirayama—Mizukuchiyama Volcano Group occupies the eastern part of the
Y ufu-Tsurumi Graben. The Mizukuchiyama Volcano is situated at the north margin of the
southern mountain and bounded by the Y ufuin Fault. It consists of lower Kijima Pyroclas-
tic Flow Deposit and overlying Mizukuchiyama Lava. The eruption center of the volcano lo-
cated inside of the Yufu-Tsurumi Graben was lost by downfaulting. The Takahirayama
Volcano is a group of partly destroyed lava domes with debris avalanche deposits. The
Kannawa Debris Avalanche Deposit leaves awall at the east side of the Takahirayama sum-
mit and forms a gently dipping, hummocky surface bounding the north side of the Beppu
city (Figs. 40-41, p.69-70)

UPPER PLEISTOCENE AND HOLOCENE SERIES

The upper Pleistocene and Holocene series consists of the Yufu-Tsurumi Volcano
Group, Aso Pyroclastic Flow Deposit and deposits of terrace, fan and debris avalanche and
Alluvium.

The Aso Pyroclasfic Flow Deposit is distributed along the Oita Gawa and Nogami Gawa
valleys and in the Hijudai plateau. The Aso-3B Pyroclastic Flow Deposit crops out in small
areas in the lower course of the Oita Gawa valley. It is a non-welded deposit of scoria flow
of pyroxene andesite (Fig. 43, p.73).

The deposit of Aso-4 cycleisdivided into Aso-4A and-4T Pyroclastic Flow Deposits.
The Aso-4A Pyroclastic Flow Deposit, the largest unit in the Aso-4 cycle, varies from non-
to densely-welded deposit of hypersthene-hornblende dacite pumice flow (Figs. 44-46,
p.75-77). The Aso-4T Pyroclastic Flow Deposit is a characteristically orange-colored, thin
and non-welded deposit of pyroxene-hornblende dacite pumice flow. It covers the plateaus
of Hijudai and that along the Nogami Gawa valley. The Nishizuru Debris Deposit is mainly
composed of megablocks of nearly non-consolidated Aso-4A Pyroclastic Flow Deposit set in
matrix of the same material (Fig. 47, p.78). It is covered by the Aso—-4T Pyroclastic Flow
Deposit.

The Yufu-Tsurumi Volcano Group is a group of the youngest volcanoes in the Beppu
district situated in the Y ufu-Tsurumi Graben. They are the Y ufudake, Tsurumidake, Garan-
dake and Oninomiyama Vol canoes of hornblende andesite or dacite except the Oninomiyama
Volcano of olivine-rich mafic andesite.

The Yufudake Volcano is the highest peak in the district. The main volcanic edificeisa
steep-sided lava cone covering stratified pyroclastic ejects (Figs. 48-50, p.79-82) and has
eight lateral lava flows on its lower flank and surmounted with the summit lava. The Tsu-
kahara Debris Avalanche Deposit with many mounds (Fig. 51, p.83) and the Ikeshiro
Pyroclastic Flow Deposit (Fig. 52, p.84) are distributed at the northern foot of the volcano.

The Tsurumidake Volcano is made of the main volcanic edifice with the summit lavas
and four lava domes. It erupted in 17th century and has a fumarole near its summit. The
Garandake Volcano is alava dome to the north of the Tsurumidake Volcano. Powerful solfa-
taric field is active at the southwest side of the dome (Fig. 66, p.107).

The Oninomiyama Volcano is a small monogenetic volcano, made of aflat scoria cone
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and alavaflow (Fig. 54, p.88). The hornblende-pyroxene-olivine mafic andeaite of this vol-
cano is the most mafic and singular rock in the district.

Fan depoait are formed at the base of steep slopes. The fan at the eastern foot of the
Tsurumidake Volcano is the widest in the district extending to the coast of Beppu Bay. Ter-
race deposits are developed along the Oita Gawa River and some other rivers. Terrace
depositi—-1 and -2 are discriminated with relation to the Aso Pyroclaatic Flow Deposit where
if it is possible. The Wakasugi Debris Avalanche Deposits was generated from the
west side of the summit of Tobi Dake (Fig. 38, p.65). The Tsue Debris Avalanche Deposit
was caused by a large earthquake of 1596 (Fig. 55, p.99) Alluvium is developed in the Y u-
fuin Basin and bottom of some small valleys.

ACTIVE TECTONICS

Central Kyushu including the Beppu district is a tectonically remarkable region in
Japan where extension tectonics in an N-S direction is prevailed as shown by horizontal
crustal strain in 90years time span (Fig. 56, p.92). An earthquake of M6.4 occurred on
April 21, 1975, hypocenter of which is estimated around western south margin of the dis-
trict. The mechanism of this earthquake indicates N-S extension (Fig. 60, p.96). The largest
historic earthquake around the district was that of M6.9 occurred in Beppu Bay in 1596
(Fig. 59, p.95). It caused serious damage in the area including collapse of Uryu Jima Island
eastwards of Beppu city into the sea and generation of the Tsue Debris Avalanche Deposit
in this district.

All faultsin the district are normal faults trending nearly E-W and moved in Quater-
nary age. This fault pattern is conformable with direction of crustal stress at present or in
recent 90years as stated above. Most faults, except major faults bounding topographic divi-
sions, are short in length (Fig. 57, p.93). Centers of middle Pleistocene volcanoes tend to be
loci of depression suggesting possible concentration of stress around the volcanoes. Detailed
movement history of these faults has not been clarified, however, two faults, at least, cut
the Ah ash layer erupted 6,300 y. B. P. from the Kikai Calderain the sea off south Kyushu
(Fig. 58, p.94)

ECONOMIC GEOLOGY

Hot springs and geother mal ener gy

Thisdistrict isrich in geothermal resources. Spas in the district and chemical composi-
tion of their representative hot springs are shown in Fig. 63 and Table 6, p.100-101.

Beppu, appeared in a historic document of 8C. is the largest and most famous spain
Japan. It is a complex of eight spas located on and around the fan to the east of Tsurumi-
dake Volcano. Among 3,000 wellsin total, those of higher temperature or boiling wells and
fumaroles are concentrated near fault-bounded, north- and south-margin of the fan (Table 7
and Fig. 64). Hells (Table 8) are names, for tourism in Beppu spa, for landscapes formed
by, or related with, geothermal activity as fumaroles, geysers, pools of hot water and mud

pots.
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Yufuin spa is composed of about 700 wells in the Yufuin Basin (Fig. 65). Higher
temperature or boiling springs are distributed in the southeastern part near the Y ufuin
Fault.

Shonai, Yunohira, Okue and Noya spas are in the southern and western mountains.
Tsukahara spa noted for strong acidic hot spring is located near active solfatara of the
Garandake Volcano (Fig. 66).

Effort by private companies and governmental agencies to generate electricity by geo-
thermal energy was spent intermittently since 1919 in this district. The district is at the
northeastern part of the Hohi district where systematic exploitation of geothermal resources
as a national project is going on since 1975. Tables 9 and 10 (p. 109-111) show data on
geothermal wells in the Beppu district.

Metalic and non metalic ores
An epithermal gold-silver-quartz vein in the Kankaiji Andesite was worked between
1903-1916. Small-scale deposits of limonite in two areas had been worked in 1950s.
Several ore bodies of cristobalite were formed in silicified zone in the Takahirayama and
Garandake Volcanoes northwestwards of Beppu hot spring area. They are products of
solfataric alteration by leaching of metalic elements from volcanic rocks. A mine was work-
ingin 1987.
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Photomicrographs of volcanic rocks (polalizer only, bar scale at the bottom of plates)
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T ARERNET 7 2 F T4 MRISHERAL, £ FIZ A /. Ao —/b :0.25mm.
Pyroxene-hornblende dacite welded tuff (densely welded, devitrified). Y abakei Pyroclastic Flow Deposit. Scale :
0.25mm.

2 APIARERECS, (R41399), 80-185, B A tH, K HIARE.
FHIZAT =V 54 M. 24 —/b : Imm.
Hornblende-biotite rhyoalite. Y unohira Rhyolite, Mizuchi Lava. Scale : 1mm.

3 MAMNAT A YA, (R41452), 80-79H, /K A Lk il, 7K A LA,
BEABHOIIEND AT 2 VT4 FRRE LTS, PR AMNAES. A7 —/b  Imm.
Hornblende-biotite dacite. Lava of Mizukuchiyama Volcano. Scale: 1mm.

S %% Andesites

1 DALAAREAEAZIE, (RA41403), 8b-167, 3 i KILFA.
Fb, IR DA, SREOH DBEMITER. A7 —/L  1mm.
Olivine-bearing pyroxene andesite. Lava of Jogadake Volcano. Scale: Imm.

2 FEBIEZILE, (R41402), 8b-147, Bk 4 KIS, A4 —/L : 1mm.
Aphyric andesite. Lava of Jogadake Volcano. Scale: Imm.

3 HAMMIARLE, (R41443), 0b-739, FKILZEILIE.
FHE VAT A MEE L OMPAARES. A —/L  1mm.
Hornblende-pyroxne andesite. Lava Akiyama Andesite. Scale: Imm.

WIVKIER B - 2K LEEOET Rocks of Yufu-Tsurumi Volcano Group

1 HAARAZRNE (T4 — Y R), (R41454), 8b-28, @ Flikill, @ FILEs. A7 —/b : 2mm.
Pyroxene-hornblende andesite (l€eft : host, right : autolith) . Lavaof TakahirayamaVolcano. Scale: 2mm.

2 BEEADADAAMNAARILE, (R41457), 8b-113, Mfilffkil, Ygliis.
XY ETFEP R AR ARG, Bl X 0Tt A —)L : 2mm.
Biotite-pyroxene-oliviene-hornblende andesite. Lava (Y g) of Y ufudake Volcano. Scale: 2mm.

3 ANEEANALAALIIE, (RA1462), BPA04, RICIKILESE. A —/L @ 1mm.
Hornblende-pyroxene-olivine andesite. Lava of Oninomiyama Volcano. Scale: Imm.
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