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Pyroclastic Deposits of Unknown Source, Discovered in the Tamagawa Welded Tuffs,
West of Hachiman-Tai Volcano, NE Japan

Kazuhiko Kano* and Takeshi OnGucHI**

Tamagawa Welded Tuffs comprise the late Pliocene Kurasawayama Welded Tuff and the early Pleistocene
Bunamori-bokujo Welded Tuff, which represent the Plio-Pleistocene regional felsic magmatism in NE Japan Arc.
They are thought to have issued from the same caldera buried below Akita Yake-Yama volcano, though the
multiple drillings into the caldera have recovered no or little materials of the two welded tuffs and a time gap of
ca. I million years is present between the two welded tuffs. This paper describes the Taihei-Ko and Haruyama
pyroclastic deposits that individually occur between the two welded tuffs at a road cut on the northern side of
Taihei-Ko (Lake) and at a cutting wall of Haruyama on the eastern side of Tazawa-Ko (Lake). The deposits at
the two locations are 30km apart but contain the same crystal fragments of quartz, plagioclase, orthopyroxene,
hornblende, magnetite, and extremely minor biotite. The Taihei-Ko pyroclastic flow deposit and the Haruyama
pyroclastic deposit are 1.4220.2 Ma and 1.720.2 Ma, respectively in fission-track age for zircon. They are likely
to have derived from the same source at the same time or shortly after another and may represent a missing activity
in the source area of the Kurasawayama Welded Tuff, to which they are similar in constituents. The Taihei-Ko
pyroclastic deposit comprises a pyroclastic surge deposit and overlying pyroclastic flow deposit. The Taihei-Ko
pyroclastic surge deposit is 14 m thick and well stratified with rip-ups of the underlying rhyolitic Kurasawayama
Welded Tuff. The Taihei-Ko pyroclastic flow deposit is over 6 m thick and entirely welded. Stratification and
grading are not obvious. The Haruyama pyroclastic deposit fills an incised valley of the Kurasawayama Welded
Tuff, and is vaguely stratified across the thickness of over 20m. Compared with the Taihei-Ko deposit, the
Haruyama deposit is, however, relatively poor in fines and contains many lithic fragments, so is likely to be more
proximal to the source. The stratification of the Haruyama deposit inclines outward from Tazawa-Ko. The
flow direction of the Taihei-Ko pyroclastic surge is from the south to the north and 30 km to the south, there is
Tazawa-Ko. In addition, a deposit potentially correlative to the Haruyama deposit occurs between Tazawa-Ko
and Taihei-Ko. These facts collectively suggest that an alternative source of the Taihei-Ko and Haruyama
deposits is Tazawa-Ko. Because of the dimension 5.8km across and 423 m deep and absence of confirmed
deposits, it has been open to question for a long time whether the lake is a caldera or an impact crater.

Key words: Tamagawa Welded Tuffs, Tazawa-Ko, caldera, pyroclastic flow, pyroclastic surge, Early Pleistocene
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D), /\IBEREAHED —>DOREZH VT IMOEHLE
FZ 5N TWS (Table 2; ZEHE, 1992). 45 3 ZIMALE
Fritth O HHAEHT I > 1 TIEFES - 7B L A 224
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IOWTEHET 5 & & b, TERERE SaTFIc> LT
wd 5.
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K« 8 (1957) &, EEFri- St o ER B KBS 2
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(Table 1). —75, V¥ « 5K (1959) &% « LR (1964)
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FPHALICX & B & Ui, {40 « ftlh (1981) 1F, COJE
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Tamagawa and Kowase Rivers.

Distribution of Tamagawa Welded Tuffs and related rocks (modified from Sudo, 1987b).
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Table 1. Correlation of Tamagawa Welded Tuffs and related rocks with the rock units ever proposed.
I - HA (1959) | A0 - il (1973)
. 1964 o - 68 (1977
sy osy Mo ER (1969 1% Oh:f;i A7 | g+ 1w om) B (1992)
i(l : t 1. (1981 do (1992
Osawa and Sumi (1957) (1959) (1973) Sato et al. (1981) Sudo (1992)
Kawano and Ohguchi and Isato
BHRE
QIS ¢k, 1961: L AR £ HsmscsER R
. Kashinai e Bunamori-bokujo
Andesites M, 1965) .
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- ]
# =
K«
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S M & AFUIERBIS
=4
&5 % 8 E Kurasawayama Welded
x g [ g Tuff
=] EIVARBER AR K A
fﬂ S Tamagawa Welded % g =
=] ®
B g | BIGERLKLES R, 1057) WS | B 2 £ | Rhwolite Welded Tuff3
2 . . = % -
S Tamagawa Dacites Tamagawa Dacites B z ﬂé 3 A AR B 2
& (Tam. 1, IL, ID) ® 2 ) .
= Q o = Rhyolite Welded Tuff 2
xS
=5 WA AR BIKE
# £ |Rnyolite Welded Tuff 1
<
34
g WRCEBREBEICEA
Rhyolite Welded Tuff A
Table 2. Stratigraphy of Tamagawa Welded Tuffs and related rocks (Data adopted
from Sudo, 1987 a, b, 1992).
iy W () K-Ar 4 1298 7 BT Hi T R
Stratigraphy Thickness (Volume) K-Ar age Major phenocrysts Inferred source
X _ e “;‘**“’g‘m?ﬁ”‘"’ . rmls M oL Oon Con (@ | PUMEIE CRI1- f
é EE unamori-bokujo 60~200 m (50 km?) .7~1.5 Ma » Opx, Cpx, (Qz) 1973 ; ¥l - fit, 1981) D%
2y Welded Tufl Balh LTS (41, 1986)
¥ ES B ARS BN
= £ T |Kurasawayama Welded | < 300~700 m (130 km?) 1.7~2.5 Ma Qz, P, Opx, Ho, Pre-Yake-Yama caldera below
H = Tuit (Cpx), Akita Yake-Yama volcano
" TRACH BREBER 3 ) , Afic mi
E Rhyolite Welded Tuff 3 <160 m Qz, Pl, Mafic minerals?
=
i g s g
ﬁ% mﬁ%ﬁfﬁﬁz <1300 m 1.4~2.6 Ma Qz, Pl, Opx, (Ho) FHSENR G RRILRT, &K
X i yolite Welded Tul MANFS (HE, 1987b)
¥ = Old-Tamagawa caldera south
=5 PR IRAG BN 1 - . o
z;[ E Rhyolite Welded Tuff 1 > 200 m 1.6~1.9 Ma Qz, Pl, Opx?, Ho? of Akila Yake-Yama volcano
<
[
= AL A INFSEECE A Qz, P, Opx, Ho, Iron
© | Rnyolite Welded Tuff A > 900'm 0-4~2.7 Ma ore

Qz=H 3 (quartz), Pl=#H&EH (plagioclase), Opx=#}/iffif5 (orthopyroxene), Cpx=HHHA (clinopyroxene), Ho=f4[}#: (hornblende)
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EODBHIBMARK L TVWEEALBST I ENTED
CKET « fth, 1973, 1980; K[« HE, 1977; ZHi%, 1987
b). Th S DEHEIT 130km’, 50km’ SHEE SN TWL
% (Table 2).

BIRILGREEIKS & BRRPOSRRS BRSO K-Ar 25
EfRIE, 1.7~2.5Ma, 0.7~1.5Ma &iEH3%H % (Table 2).
Lo L, BUEBHSOW LA REEEST 5 &, BHER
3, TN T 2Ma, I1Ma LHEETE 5 CHEE 1987b).
KIRRPUR S B 1322 < DA T AR LIIBREBUR &
BE RO MEDREH 2D CHE L THD
CKIT « b, 1973; ZE#E, 1987b), Bk < 100 FHEDMIC
BIRILAEEICE R EL TSN EEBZ BT EBTE
5.
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31 B
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WICEEH T 3 (Fig. 2, Fig. 3). COWIHAETIE, ARLE
FEEIKEZHIH LT, B 14m OBy — VHEREY)
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% (Fig. 4).
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MR E L, KM 2 BANEgE LTcue, coT
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HL A ORI« fth, 1973, 1980; K1« FH, 1977).
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Fig. 2. Locality of the outcrop of the Taihei-Ko
pyroclastic surge and pyroclastic flow deposits.
Topograhic map adopted from 1: 25,000 quad-
rangle map Taihei-Ko (Geographical Survey
Institute of Japan, 1987).
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Fig. 3.
pyroclastic surge and pyroclastic flow deposits.

Sketch map of the outcrop of the Taihei-Ko
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D74y vavebIy 7ERYEIL 1.4102Ma TH
% (Table 3). JHI5E /7513 Danhara et al. (1991) 1T KL 5.
MBI D X 5T LT D, %7, Galbraith
(1981) O P HEICART 5. {t->T, BEY LI vOiR
AT X BMEBNDOHEIBWEEZ ONS, Fohic
AR ETILTAFE B & MARBOSTARSBCE DA
2Ma & 1Ma D FIEFICH O, BABRICFHEL K
W,

32 EREHEREYOEH

321 KF#ABY — CHERY

Fig. 3 1TR LCEBHATIE, KR — DHERWIZ
FIEHPE A OERZ S B, LAl 20°FIRER L, B
JLICIEC 728 S 1.2 m, B8 10m @ F + L A2 THERY
LTV, Bem SO LU 10em B THRALRE L, <
NENDOEARICE mm BALOEHNFED 51 5 (Fig.
5). 72, B em BV L 20cm DFERREAET S
I LTV S (Fig. 4, Fig. 6A). 21513, AiRILIE
FEBURSICEMIL  (Fig. 6B), A BEEICHBEENT
W5, HRAHECRIE FORBCSIAFGEICS 25| & HH

Sample 03082704

Taihei-Ko
pyroclastic flow deposit

Lithic fragments

Taihei-Ko pyroclastic deposit
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o
[
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@
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Sample 03082703B | o
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Sample 03101302 =
<
H

Kurasawayama Welded Tuff

Fig. 4. Geologic column at the outcrop of the
Taihei-Ko pyroclastic surge and pyroclastic flow
deposits.

LB om OER 22 IAAT VS, Ky — ¥
HEREMIZRER L TV 2B, HWiciBEFirch s
M, ETAHETAFIRITHINRD, Fa— IROHERID &
EARAIER 2R (Fig. 5). REQERIEEIC RS L
TILANT @R U KBS — O3 F » 2OV ORED & FHFIMIC
D SN 72 T & ZRT. HiCid chute and pool
structure (Fig. SA G F) 7 2 — VIEHOHEIR] (Fig. 5B
Ny =0k, BRI BETEE (Fig. 6A L v X
F vy TREDW B 000 IEHE) 8% 54115, Schmincke
et al. (1973) 13, chute and pool structure % /S D Kk
H—Dick o T ENALT v FTFa— viED—EE
EZ 15, Allen (1984) 1, BHROHERETI O _LFHIASHI
HEn, T IR TFMIEL TR ENcBEEE R
fz. T ORI IR T OSEE ICiEN TV A T & A RiR
ELTHBY, TITHEINLZT 2 — YTEHHROHIFIPRE
FRE IS YIMZE T S JEICTH 5. TN o OBRITKI T2
ERTORVWERT D 20,

KK B — OHEREYI ORERORL T-1&, 1798, Rl
AP, ROAMEG, REkSE SR, Kila s xRFiaET
b5, FEEFPN I AR EHAIRT, &5 2R T
THENLZmEES L PET, KUABERID & D13
EH SN (Fig. 7). 7 AF 0% 3EEEH T,
) —T7ENBEHO b0 b DED 5. SR, kAT
R FrekE A IR 2 SEEIC B hTV .,
Zz D%, BHSEHEEIY & REAT L DR T
BiksnTBo, BT 5 KB — VHERERMIE N DS
BUREICHERT 5.

SRk b2t A T\ 3 A5, Danhara et al. (1992)
DOHFECHSWTHIEL & T A, BEET 2AAICS
WTHESNAEITER () & 1.682~1.687 (5 1.684)
Tdhb (Table 4). 7o kIA I Ric>VWTH LN H
PR (n) 13, —o DK 1.495~1.498 (5 1.497) &
1.494~1.500 (CF¥51.497) TH 3. 1L, Th&h b
VTR (TS &35 T 1.490) 2R3 KILA 5 2
WWOBIEIET B (Table 4). Big ZIEEBHO, %34
) — ZEHEBEHO KL T 2GS B, RIS 3R
LTV 5 bD2HMRD T Wi bR ROHIEIR LT
W,

BV SRR E A G DY TE IR (Fig.
8) B2 DE— FA/RT. MK OKR THII 5575 & 0Bt
& ERZTEERE L, Mk ok RIS MR (3%
Skt b Lickiis 5 2 ) 23 kE3 2. Z>0
E— FOWN, #RAIOE— FiZ, KLy 5 2D% L H%,
FAL L 2o oo ic ZIRIICAR U 2 ATREMESE O, gk
Mdo &8 00 22N 5 DRIZRK (Inman X)) 1270 v
b9 B & KPRAHEREYI O REISIC A B (Fig. 9) A%, FERI{I
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Table 3. Fission-track ages for zircon of the Taihei-Ko and Haruyama pyroclastic deposits.
. ps(em?) | pi(em?) | py(em?) | U
Sample No.| Localif Rock name n 2 Age (Ma)*
i 4 PO\, N N, |@pm) |8 (Ma)
140'3706"E | Hornblende- 8.79-10° | 1.73 - 10° | 8.407 - 10*
03082704 | Taihei Ko . orthopyroxene 30 72 200 | 1.4+0.2
40 03'10"N |rhyolite welded tuff 89 1754 4120
. Hornblende-
140°42'29"E . 10* 106 108
TAZ?2 |Haruyama R orthopyroxene 30 46 1.08-10%) 1.51-10%16.956- 10 210 | 1.7+0.2
39'43'53"N |thyolite tephra 1.51 1773 3561

*: Dating was made by Kyoto Fission-Track Co., Ltd. according to the external detector method
with geometry factor 1 for 27/2t (ED2), dosimeter glass SRM612, and age calibration factor T (ED2)=347+3.

Error is given as one standard deviation. Further details of measurement are given in Danhara et al. (1991)

N, p,: number and density of spontaneous track in sample
N;, pi: number and density of induced track in sample
Ngs pa: number and density of induced track in dosimeter

n: number of measured zircon crystals

P (%?): percent probablility for the x*-value at n degree of freedom

DE—FDAICEHL, Mdy % Hu0 IS HIR ISR &
KPR 2 ERET B &, 0013 L8 HIEITHD, K
P — DHERRYI O SHIIC A 5.

322 KFHKBRHERED

KOV K R HERE ) 2 B H L O 285 T i 2 iciE
ELTBy, WEETRILLEED Shmn, KPR
o — UHEREYI & 4 2 ERE I T H 508, HIRIL 7o
Rfdia<, ©LA, KFEHIARE — VHEREY) O i
CHMPNC A 2 2 E S, Wi ORI HER R 1373
MotcEFBZoN5, HF-> THET S EWE? -
1o to DRI IEEFER 3 D 5 52 &9 R L TV s
WV, HBHELTH, TR mEEN/cE A0 OHERT
ERVWEEHVWEEZ ONB.

KK PR HERE I, RSP — HEREY) & (R
B, MEE LTHEAES L RBRIRO AT (E4~5
mm DI, #EA R 4~5mm DIN), RO (R 1~
1L.5mm IR, APA (E1mmPIF), BER (%202
mm IR, REEE (R 04mm LI 25T (Fig. 10).
AEEpEARZIESERET, REA, ARAE 3k
SLONEIC VIS 105, BENEMETH 5. AEIZ AL
H 5 AR E ORI E LD B, KILA T 2 I3kEA 13
Iy 5 2L UM EEE BN 51 5. &0
TR GIHATE L T35, RS E10pm DI O ik
DEONEL, KUEBERIDO KUK 5 2R 2RSS 5 X
1L, —Eh O = HANCHERDE D 72 b DS &2 123D
5N 5.

ROTEAOREITE (1) 13 1.719~1.722 (G5 1.721)
T, MPIGDOIEITR () (3 1.683~1.689 (CFt5 1.687) T
& B (Table 3). RIAHELDEITRL SHEE & 115K

37209 ¥4 NS (Fs) 46 T % s (RERHE
) ThHo, ARIEEEEORAEL (Fs=44 €
% : {fZTHE + fth, 1978) ITIT WA, KIRRIIS A B S DRl
FHELG (Fs=38~42 €L %: /HiE, 1987b) ICHhNTHE
7 =0y ¥4 MCEL. ARIGEOEITRIBATIA
et — DHEREYIC LR TR PGS0, BhERdT bon
BT EDD, ThREETIEETRILLICICHEE
Zona, K# s 2ADEFEFRIC O LTk TRt
LTWazwic, AETEEM- k.

4. HILKFHEREY

41 BREHMSFER
BUKHHER, At 5 RN 2 1RAR %
W, RWEEZ ST ARIIEREERIE 2 RESICE > T
19 5 (Fig. 1). 7% (1987a) Ic kg, ChicHEbld
BHEREYAY NN & F)1| & D ETRANT (Fig. 1 tho
JHISD T LTV, T oKIERYIE, giRILE
BEIKEORER L v bEVAICHHLTEY, -
T, BIRIEERIKEDNEERIREEZT TR T
St L e EEZ 5N 5. ToMER I, *
JNTEASEEICE % iRk 3 2 MIARBOS A RSB S & iU
PR RSB & MBI L Tl 0 CHBE 1987
b), T QN A RIRBOGTEREEICE & BRI IRECE 754
BUKSE & ORNTALE S THOFRIE LISV, HFIKRHERE
PHcoWCi3, BUCER OWHEIVNS <, iR SRR
HigbHo 5w CHEE 1987b).

AEHE L e BRI & Eh s Yva v o
74w vave Iy 2ERMEER 1.7£02MaTH B
(Table 3). HHPZ VO THIE L 7calfhic g vova v
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MIRAL TV RAIEEME D B 278, MIERETR 13 Galbraith 115, 185 N ERME I AR LA B S OFEA 2 Ma
(1981) @ PMEICHEKT 20T, FEY VI vBREA L0, RoBABERICFELLV, i, K
LTW/c b LTHMEMICEA 2BIINSWEEZ S KRR OFRE L ZEFE L TH 5.

Fig. 5. Dune bed-forms and low-angle cross-stratification of the Taihei-Ko pyroclastic surge deposit. Flow
direction is from right to left. Cross-laminations inclined to the right constitute chute and pool structure
(lower right in photo A). Overlying beds locally truncate dune bed-forms (center in photo B). A hammer is
30cm long.



290 FERFFNE « RIOfEE

42 FEREHEBYOEH

BN 2AKWHEREYE, 59 h 7858 5 RG]
DIMANBIENE O 72 JEFRA /R $ (Fig. 11A). JE/E I3 20m
A 5. MRMREORE S oA, fEA, APYA,
ROHEG, TWEE, Mmoo BERG S oMksh, %

2em~1m OEFAZEET % (Fig. 11B). £7z, MESE
O KILA 5 2 Froidd», FaBEIRA ) — 70005 2
PRHER OB QKL S DERES SN D, KA T AT
DOIARIG RIS U < BZmiEslc, SyaBERlidbhdh
THb.

C -‘\\\\\\\

s

Fig. 6. Plastically deformed stratification and sparse fragments of quartz-phyric rhyolite welded tuff in the

Taihei-Ko pyroclastic surge deposit.

A lens cap is 6 cm across.
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Fig. 7. A low-magnification microscopic view of the 0.125-0.090 mm fraction of the Taihei-Ko pyroclastic surge
deposit. The angular, transparent fragment in the center is a glass. Many blocky, transparent fragments are
quartz and plagioclase. Milky white, variably rounded particles are vitroclastic aggregates, perhaps broken
matrix of rhyolitic welded tuff.

Table 4. Refractive indices of orthopyroxene, hornblende, and volcanic glass from the
Taihei-Ko and Haruyama pyroclastic deposits.

Orthopyroxene Hornblende Volcanic glass
Sample No. Unit
Range Average | n Range Average | n Range Average | n
pyroclastic| | 719~1.722| 1.721 45 |1.683~1.689| 1.687 45
03082704 flow
deposit 1.6940 1

1.682~1.687| 1.684 | 40
03101302

1.489~1.492| 1490 | 9
1.495~1.498| 1.497 | 30

1.503 1
1.489~1.491| 1490 | 8
1.494~1.500| 1.497 | 27
Haruyama |} 699~1.710| 1.704 | 5 [1.677~1.687| 1.681 | 40 |1.498~1.499 1499 | 40

TAZ 2 pyroclastic
deposit 1.719~1.722| 1.721 40

surge

03082703A .
deposit

Taihei-Ko pyroclastic deposit

03082703B

n: number of measured particles

Measurement was made by Kyoto Fission-Track Co., Ltd. according to a method given in Danhara ef a/ . (1992).
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ROTEAORITE (1) 13 1.719~1.722 (G5 1.721)
T, —#IC 1.699~1.710 (P45 1.704) & L DFRITR DK
WHDHDH B, AEIADEIFE (n) 13 1.677~1.688 CF
#1.681) Thsb. Fi, KA 5 ZOEHE (n) &
1.498~1.499 (3Ft51.499) T&H % (Table 4). K-k
HERGD) & B3 2 &, RO ORI IE—5d 503,
KA 5 2 DJEFTFECPEV. APIADOEITHEIERE

REBFAIEE « KOS

K RHERE) I LT S i,

EH 02 B AR EFHEADPHISBIRILGRE
BUR BV OBHEBIRE T, e niEEIclEsh,
7y —ENHERT b DONH 5. 1EMIT, LlEgs L
FFA 94 FOEREZEY, RE YV bEeEmaEs
BRI ENICEDONE T Ehidb B,

HH D% 4 Ll oK TR O 7RIS OfE R %

W71 17 17 T T 17 T T T T T T 1
| @ 03101302 :Mdy>5 o _
O 03082703B: Mdg=1.94, 54=4.62 o o @
| @ 03082703A: Mdy=1.88, Gy=4.63 o ® N
= L R _ _ @ |
§ ® TAZI  :Mdy=1.09, 04=3.21 o 00 ® @ @
5] & TAZ2  :M§l19.0628 g @
a — _|
- @
_':f)b 50 — o @ |
=
e ce -
.g ﬂD .
o °
O - . . -
@
- g e ° _
o [ ]
0 lg08% ™ |0 q0e® ) | | | | | | | |
-4 3 2 1 0 1 2 3 4 5 6 7 8 9 10

Fig. 8.
from the Taihei-Ko pyroclastic surge deposit.

Cumulative curves for grain-size frequency distribution of samples 03101302, 03082703A, and 03082703B
Curves for grain-size frequency distribution of the fraction finer

than 4¢ of samples TAZ1 and TAZ2 from the surge deposit at Haruyama, Tazawa-Ko are also shown for

comparison.

I T I I I
Pyroclastic flow deposits
Fines-depleted
5[ pyroclastic flow
deposits

G

— Pyroclastic surge
deposits

I I I T I I

ilts

-5

0
Md¢

5

Fig. 9. Mds-0, plots of the Taihei-Ko pyroclastic surge deposit and the Haruyama pyroclastic surge deposit.

Boundaries for pyroclastic flow, fines-depleted pyroclastic flow and pyroclastic surge are adopted from Walker

(1983).

Boundary for pyroclastic fall is adopted from Walker (1971).
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B3 &, WIkMKEL, Mdy—o, BRI Tl ki —
VHEREYI OSRIRIC A S (Fig. 9). BEAx SREEICHBEsh
TER S A OEIRBE O E WS B, FHERY O
AR AR D 503, EE 20m 12 7 - CTHJIHEREY)
DHPHEREY A B 3 B DM A BEE 10 kg,
Bk & DRV KIS T & 15 2 KILREE 1T b 2 108
MEELTWDE T ED ORIy — VHER EFZ 5T &
INTELD.

KRR — DHERBRUNC LN TER P Z L, 2RI
ke, v b DIT oMk R 13 2K 10% LI &b
W, 7272 L, HEREPITR IR cm~20 cm LI ORI K
IWIREIRDSEIR S NS T &S, MR EEET 5 &
TUTKZEKF fld T sl L 7ok & & bicik i 7oAl Rg
WrEZoNhE, WFRICL TS, HEThsEHERYT
W, BB ET A K — VHERE & R IT
W3,

JEE (1987b) 1Tk DS AN & E)ITE D
BURET ORI O BRI, A ICEbDbN TEANE
ETEIMVAY, ik (1987b) G Lz &b 0, s
T, D1 & BRI O A G b IR
TV A,
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5. TEREHHR & AEIR

KM KB — ¥ o KPERHEREY) SE O &R ILERS
BERE IS LIS A 1218, & DTEEE O AfERR 2 T
ELTW3., ZTORICHERE L o BIRREUS A G 13,
¥ & DA AR KIS — ¥ o KIRRHEREY) 2 R\ T
BIRIEERIKCS 2 EHE > TB D, KK —
Vo KIHRHEREY) & BIRRBOSBAE B e L Ol b b 5
BEORAMMNS > B N5, ARILEEEIK
a EMBRPOGERS B D2 224 2 Ma, 1 Ma
g CHEE 1987b), T TICECHk L 2o KHHERD 13
2Ma & 1Ma OO H 20, B2 5 < BRIz R
ANEEL, LIS LRI LLEEZAON 5.
KK ERIEREI O 7 4 v v a v o 5w 7RI
DEZEZFT 5.

[EABIRR 7 4 v v a v e b Ty ZERDP ST,
FIKVHEREY bR CHEHICEBE L &EEL o005, Ly
L, WIEmeaR, fEaoETREEL w5
boo, AEIALKINT T 2 DEITEN—FE LB D
T, KWKV & [ &5 IR T & 1w,

AP RBAFHS N cEilIcE 53 ERILAPIA &
155 TEWEITREZ /R £ 912755 (Kozu and Yoshiki,
1927; Kozu et al., 1927; Tomita, 1965; LI, 1969). <

Fig. 10. Microscopic photo of the Taihei-Ko pyroclastic flow deposit (sample 03082704).

plagioclase, Cpx: clinopyroxene and Ho: hornblende.

Qz: quartz, Pl:
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DT EE, KRAFDIELREE LinEld 5 £ cofiic
R b2 TR O S W ER LA P & 75 2 alEk:
Wb DT EEERT S (Yagi, 1966). iAfE L TV 5K
K FHERE Y O PO G S LA PO I R s e B %
2LTHY, BNOKPEY — VHBVOABIA LD b
WHEITRAZRT O FHIEOEEREE <, HEIER S
LETOMICEHERILEZ T b EZEZL L ENTE

5. BILKHHERD IS R K Wy — O HEREY) & [6—C
b 5EE, BLKPHEREY O PGSR K — ¥
HERE D A PO I LN TR W EITR 2R D 13, EER
EWEP o fclcdTh S, EET 5 F TOROEBRILD
FEEEIC & » THEIFRMZLT 2 i, ARG
iR 0, KA 5 2 DRI VT,
IRENO WS B 0 BN & - TRITENZE(Ld 2 (1l

Fig. 11.

Pyroclastic surge deposits at Haruyama, close to Tazawa-Ko.
exposure ca. 20m high. B: A block of rhyolitic welded tuff set in the matrix.

A Vague stratification visible over the
A lens cap is 6 cm across.
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B, 1993) T & &, KPR — VHERRY TR L b
HBATWELEEAEZADES L, HiEKTE L
FTEisw, Lal, E2R5EGOEIRIGMER/D
P b PEE b liE T L THBY  (Table 4), Y3
VDT 4y Vave Iy 2R U5 VEEE I
BELTWA (Table 3). TNHDEEEET S E, KFH
KWHEREY) & B L KPR S HERTRE T A 5.
RERCRL T OIR D S ¥l L, AR — Ok
T & B KPHERE 13 ~ 7" < KRS KGR, K
KPERHEREY 3~ 7 < KEFEEZ 5N E. LrL,
HEHASDERMTED, L bRk — o1t
T & RSB KERHERS ) & ORICIRERIREED 5
BWT Ep s, —HOEKIEE) T U algEE A = v
ROV RS — OHERY) & B KR 13 2 B D iR
SRR A 2B ATV S T ED S IGEE B B
DIERITTHIE L, KK RRHERE 3 K& DB O 7o %
IHIEFRW TR S o< /< IEKITHIBT 2 EEZ 720,
RER & 0 D TR KRS, B KRS
Y& b ARIEREK S EBAUTEY, £, 91ib
HL L ED D, BRSSP RRBOGTES B
=& [ERE FRHBE LT RETICELE L2 el v 7 5
CEi%, 1986; 1987b) &EZBZDONHETHS. L1,
B FHERI < > O T IR S A M [E D > T
I aEEERL, UL bERICEU EREEEOHE
BYIOMHZ RS C &5, HRMAEZORIRESZZ S
CEETRETH 5. FIKPEHEREY I o5 R 1 HIREE
BT 2 BIRILTEFEEICE PRIER DO vV ba, &
HHE - BIEoZLER LT A4 ~, BEHE
TERE s & FIAE, KO - GHH, 1977; (st
ERIRE 7V — 7, 1980) 1Tk B T EMTE B, Fit,
KFKPHEREYNIC SO W T WA, K — Y HERE A
B olb~oE B AR L, BAEE F30km D& A
IR & 5. FKEBELZASE# O AIC S 0,
DS Sk > TRAPED S ESELONS
DT, TNDH TR KIHEREY DRI % HIGH & 5
Tl TEROL, L L, KSR — VHEREYI
BKPHERYIC A TER DD <, ki Td 2 il
EAICSSb LS, HHEREEEZ S EITFE
0, APIADIEIERABRINCHR TP PE VLD,
ST 213 EEIRTH - 2B Lo KPERHERYNICnE
NTRHRILL727cdDTH A, Tl ic ko, KEH
& IR & & fE Sk o rhfd s 24 7o 2/ 1 & 1 &
D AT ZFILK RS — Y HEREYIEAL O HERE I
DT B, THODBARPEIKEE — VHEREY) « KReME
MYoab T & 2 &4 nE, ZOEND RARILGREE
PR ARG TR RS BCE IS IEi s B IR 2 b 5, L

b, TONROEE FICHIRHAAES 5 2 &1
% (Fig. 1).

FHIRGHE I 26 km? CEIJERE 5.8 km), #ES 423 m
DT, AT 5 F I BELILE T 2E0H 508, *F
JGT BN S PROTTH T B 12T, Fi s
R STV, BILKHEHEREY) KK e
HeREWDs, HIRFRETH UL, HRBIE VTS &5
ZABIENTES HLVFIHEREEHEE OBK
(Sato and Taniguchi, 1997) 7 SHEE SN B EHE L, <
7R IKERGIE K DA T 3.1km’, < 7 <EKDOEET
17.5km* Th 0, BIRILIEEEICE & ARG TEASEIK
O HE 130km® & 50km® CHI%E, 1987a; 1987b) 1T
xnuddisn, Lo L, HEYOTHOES %2 20m &
LTH15 b LI 875km> bDENAD 2 H DT &IThE
3. ZNDFEEFRIE L TOS VD BB
&Y« BIKRHSEREYIE O8RS 1< E Tk
ATWDIEHEEZEZLDL T ENTES, 25 K-AriERT
H2R0, BRIEHEEIKS & MRS S & D
T3 20~180 J4F CEHTHE L2 100 HHE) b O
MBS 0, < OIS L 7o KRR — & o KR
RHEREID TR EIRB LR snc s LTOREE TR
W, —F, HREIDEBRABED I TONE VTV S DI,
B SIRAT WP > o e EEZ NS,

HIRMOBER» SHEES N 2EHEIL, 30km bEEN
1EIATEE20mAEZBA 23EL2EBFBVWEICD
BZ A0, WA km OFERICTIH - THN, BT
WCHERE T 2 L2 IR THh NI H BBV ETREA
W, R TAGS RIS 2 RER 3 2 BIRRBUS A RS B S O R
JLicE WA, ThhHERET 248, ZonmEicd
TICAHIESER STV T &R

6. £ & ®

TR AR LA L 0 RS < oERn O < B iAkS
B 2 HER T 2 BILITAFS B S & BRI TARS B
& DN KRS — VHEREY) ORI — Y HER
Y & S ETS B KIRHERY) ORI KR
L 515 B KIHEREY) G K PEREYD & R L 7.
T/, THUCHRIT B KRR — DHERY GBI REHERS
YD mHEIMGREOBFELNICHHAT 2 il L, K
mCld, TN o O EBEER, ofh, IR, HEREY
HIE s EASE LB W TER L, KRy — v
HEREIE, ~ 7 < KRS KRIET, KRR <
7K T H 505, fHEEYIHELIL, mE oM
BNV EDSRIFEO—#HOEHY & EZ .. £
ORBTRIZ, TSRS &[RRI BELIE N o sehE
LA VT35 EbEZLNBD, KEMKIEY — DHERY)
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OFEEAFE» HILTH Y, HRENGE 2 oJbhtEE
WCARSERIK I — D HERSNC W AT RE 75 B LK FEHERE )
DT 5 &, HIRHITH 2 aJFEM: A6 L /.
Lo L, KK — YHEEY OB ZBRITH %
mREE b b D, Fi, KEMKPHERYIOR AT gE s HE
BoNE b FaIifBIh T A EidniBn, K
K DHEREY) « B KPEHEREY) OAGIR £ R E T 5121,
FHIR T & % AJREME & SFRICE W T & S Ik 2 46
¥, HEIHRNTI2LESHAS., WFRICLTH, K
SE K RHER A I OB LK HERE 13, ) I AR RS
15 &\ & HIRENC s TH 9 B IR T~ i
W T o K S ERE K IIEBOEY O 0 EDTH
D, ZTOEEE, HROEERE < 7 < iHB) o & L
ZHOMTT 5 ECHEESTFESPODOVED LS.

it *

BIHIEH AT MR RIRFK R4 25 #3%,  Rodney Allen
fhit, BT ADWHESER. e kLTS 20
[RHTRE OIS T 4w ¥Ya v bTy ZEROMBRIE
MOGER7 + v v a v Ty 7 OREE MK EEHE
BIRIC &L 3 & TAMNKE OV, FEENMBAUIE TG
IR - ZEE R, [ - EEEAE LI R
IKOWTERE WL\, 1, g0k, &<
I H T ARSI AR A I IS I s » T ic A
LTwicriuic, Dboh2icEHd 5.
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