B
%II:I

Kl 55 68 % (2023)
#5455 207-228H
https://doi.org/10.18940/kazan.68.4 207

SECHA, BKEE 7 R L 7 5 DR

217 A NI | 1S/ N 1 I T

(2022 4E 8 A 30 Ha2fF, 2023 49 H 27 HZH)

Formation History of the Southern Caldera of Akita-Komagatake volcano, Northeastern Japan
Shota Tai *, Mitsuhiro NAKAGAWA ™ and Takeshi Wacrr ™™

Akita-Komagatake volcano in northern Honshu, Japan, has an elliptical caldera 3 km X 1.5 km in diameter
(southern caldera) on its southern slope. Although it has been speculated that the AK13 and AK12 tephra units
(15-12ka) are related to the formation of the caldera, the details of these processes have not been clarified. We divided
the caldera-forming activity into three stages on the basis of geological and petrological evidence developed during this
study. Stage 1 activity began with a vulcanian eruption that produced Obonai pyroclastic flow, followed by a plinian
eruption that produced an eruption column. These eruptions effused basaltic andesite and andesitic scoria to form
southern portion of the caldera. This activity, which produced AK13 tephra, involved an eruption of volcanic
explosivity index (VEI) 4 and occurred at approximately 15,100 calibrated radiocarbon years before present (cal. BP).
Stage 2 involved the formation of a small pyroclastic cone, Minamidake cone, at the southern margin of the caldera.
Distal tephra and lava flows derived from the cone have not been recognized. Stage 3 involved phreatomagmatic
eruptions of dacitic magma that produced Kunimi pyroclastic flow, which covered the floor of southern portion of the
caldera and the Minamidake cone. The activity then shifted to a plinian eruption, during which time juvenile materials
changed from dacitic pumice to mixtures of basaltic andesite scoria, pumice and banded pumice. This activity
terminated with repeated phreatomagmatic and Vulcanian eruptions. This stage, which produced AK12 tephra, involved
an eruption of VEI=4 and occurred at approximately 13,400 cal. BP. We conclude that the southern caldera is a
composite caldera that was formed by two sequential explosive eruptions in the latest Pleistocene. Juvenile materials
from Stages 1 and 3 form distinct linear trends in many silica variation diagrams, suggesting that each stage was
derived from a different magma system.
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£ 72, Inoue (1980) X

FREBY 7 S N L, R & TR o BT 2
fLES A KILTH Y (Fig. 1), 20 #1932 48
& 1970-71 FEIZEAK L T 5 (KRBT, 2013). AKX
BE KIMEDTEERIZ 2 oD AV F I MR AT H & &N
(Fig. ), ZN o deptmoLEEr vy, MuEHEo
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- b, 2004; W0 - A, 2021).
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Fig. 1.

Index map of northern Honshu and topographic map of Akita-Komagatake volcano. Areas A and B are

shown in Figs. 9 and 10, respectively. Contour interval is 100 m. Triangles denote volcanic peaks or cones.

HEHS - b2 DO BT IS Lz EZ SR
TWBA, HVT TR O I oW Tk~
RN D D (B2, ZEE - A, 1987, ALA - ik
1997; MR - M, 2004). Z Dk, ALERA VT T 1L K
IMRHIEIZ X 2 B CH D 2 LS I S
A5 (- A, 1997; - M3 BE, 2018), DR D B F
RIZH VT FTIRIEKOHER 12DV TOFERIZATHh LT
Wy,

P& (ZFKH B 7 KD 71 VT T S K DWW T
HED - A0 (1997) O 7 7 FEFOFME 12Nz T, Wk
ST DV THVE A R Y E AT gE 2 17 - C
E7z. ZORE, HIVT T IHENLIREH BB 2 He A 72
3ODAT VIS N, BEAVT TIL2 MO8
FREKIZ & D EHOKOADER SN, ENOEEE LT
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9, EREEB L UELHBEOBREZERXIC L S
W To 72, 2 LTI CE O N RE % &
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K- WEBRAEMR L. KR, KRB £ O
i (IS EZARFHTILMEE L TLAT iy | &
R) &, R - A (1997) 12X B AKI3, AKI2 DT 7 T
g (TS EE L NIRR #ERY] SIER) 12ow
T, 2=y MXGEZFNSORE, BHERE Lz &
Bar=v MXOIIEEBY OB A FENREE L ERE L7
FED - A0 (1997) TUE, ARX Lo LR 7 HERY % JE
N3 208 4 TIZHHL, BMAEER L. £
NOEEA- AT) TICECH 2T 778 (147 1),
B - A3) 725 BB CRESRICE T E
KIWWIKE (747 2), L Tk KILIKIZE A KILE
HeagblendbbT 798 (5473) THhis Ih
SO L0 E FDI (MY OBEE (Frag-
mentation) % #E§HZ, 34T THIFE (Dispersal) 2 H#i12 & -
7oA I ; Walker, 1973) 70 5 BN Efsm L, & A
T1~3 2 LK EZnen 7)) ===k, 7
WA AKX, Z L CORDG L7zBRICHRT 2 & L
7o ARWFZE T H A - M (1997) 12 & B IR b HERE
DY A TG % BRI ET 5.
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Wi L7z, 72 BATRZE TSGR 7T A G CEE RO
SNAWHT % “REWE L L, 20 bEELTY
L2b0% WA - A3 T, FEEMME L, Bk %
OB OEREARE Lz, F 728510 (1997)
RN - fill (2004) THRRSENTWLED, ARKILORE
TAI) TREICIEAREWE TH B BRIKEAT) T2
Z, MEmLwLRaTr 2T (8] Z8FhTwi
ZEDH L. MHIHRRERCHEIAAGDE L Vo E
AEMRFRIIEMT 525, [BA] 32 Aay 7Ll
AT RBGEE (loss on ignition; LOD) # 7”3 . B2 12,
ARNKILOH L IfRm TR Ch D AKI DA T
X LOIAEDME (—0.1~-05wt.%) = & 5 DIAL
[BA]OZFIUE 14~26wt% &% b, KXo TIEA I,
BEAI)T7ERMUEY 7 YHRTH LA, HAICHS L
EAREWE TR L, FIZIEKER KON &ETEE
Mo HHERF EEAOND. 00, AL TIdE
BB L LT, REWEORA L TEA] S5
O CXGT .

ks )y - R P O R EWE OV L o
FFBZ T, RENR ROV TIEE — MK
M HAT-72 F— FHBOE, 1 50FHCD & 3,000 R 1 ~
FRALEA Y > b LTRD 72 SR LTI, R
3em RO T 122V XA TR —k T & HIWF L 7=
BHIRA &b T, BRAREER L. 2 L TRl
& wRiAl (Lip,B,O,) % 1:2 THR LA T ALE—F
AERL L, FEICHFEILALIEE R FEI O XRF (AR
7 b ) A8 MagiX PRO), fmIcRidm U <A@k
SHAEH O XRF (A7 b 1) A Zetium) CTHI5E L 72

AWFZECILE AR R Y (5-3-2 20) 230
7oA L REHC W, MRS (Mo) FEREE
11572 W INAERRGARZERT (TAA) (ZHHEL, Jn
HEVERHTE (NEC “C-AMS HHZEE) % Fv CHEf
L7z BALARIZER-7 V7 ) AL 1T\, (RS RO5%
BRI CTHMEIC 22 FTHRL, HEsSELb0%x
W5E L7z, e RO I Libby @2 (5,568 48)
W, 0BCIZ X BRMAESIHIEEIT 572, 20k
IntCal20 7 — % ~X— A (Reimer et al., 2020) & OxCalv4.4
#ZIE 71275 2 (Bronk Ramsey, 2009) % LT, "“C
R S BERANDIIE % 1T - 72.

B h VT S EEE KO Z oot (5 #ER)
O e ERIL, BRI ABTTHER Y T O AR S 2 1
(H I, 1979; ZE#E, 1982), ik i HERE) T 5 AKI3
GERE, 1977; 31 L, 1978; 2 E5, 1984; FIH1 - fih, 1997) &
AK12 (B3, 1983; AT - A, 1997) TIXE FO LA S
AT OMEENTVE. ThbD BCHEMRIZONTD
FROFFC L WEEQICEIE L. 2 LTl 4 04

Al (1o) &1z, FHE SN D ERORAME & /Ml
FHE RS (1o OFEREAIEEOFHHEI 501256 b
FRRIZAT D), S HICHENY S L IZZDEDFH % Ko
7o RWIZE Tl Z oA BB OFERE LTHWS.
O, 48T OOFEMRME LY ST D IR 3
&YW (AKI3 & AKI2) lI2DoWTlix, MR I &I, &
FBLOREOHERERT 2 oOWEEEKRE, FEho
2 ODWEME AV TENETNER T KD/, 72, 1l
PR FHEREY X T O TE AW L T b 720, Z04F
UL TIEOTERAEAUEZ RS ReED D 5 — 7, Kot
HEREW) o D ALK D FAN LRI % F6 4 S 72K D4
RERTEEZOLNS. L7z > T, KigHeRE &1l
Ram T HERE D ASRE I S 72356y, KIBTRHERE Y @ B LA
A5 N AEE 2 AR S LCHRET 2

3. Hb S 4L SR

FRH B o KL, LR~ B TS IR O I TEER &
LB L BB A ANIIL A > 721U b DE KILTH
% CEE-GHE,1987). 72, mEXKLOBEILAIZ I,
B A VT T - AL VT T EIREN D 2 DD MHATE
5% (Fig. 1).

FE A VT 132 O KO FE RN IR S L7
FER 3km, M 1.5km, LT~ RPE IO
EHEOMMTH S (Fig. 2). HNVT FIEITEEHOE
A, LA IS TEESEL BoTwb. 7
VT T BEO G HEALZAE I TldZe <, MA» HALH
HINZEFS 5, 3 oOMAHEA Lo %05
ﬂ%(ﬁgw.%%ﬁw%%wﬁw%ﬁ%u%%#%%
T 7R L T8 Y, izl Twa.
COHIFE, fERIE~ S BEAICBEE L 221 (h VT
F) LEZLNTWIZHS (HEE - i, 1987), €Dk
IR REERECd 5 2 L st s vz (BRI - i, 1997; H
T HbELRE, 2018).

LRO 2207 VT ITNITE, BEOKFEEATER S
RTVa, 2RO RILEY LTI NTRI BT, AL
HETHY, TIHOWMPIZ LY VT T AT IR
MENTOL, Wl V7T WIERE, &l 21T
INEOKFEEATER ST, 205 ORI & - Tl
FIIZIFZEDLN T VDD, BT TR
515 (Fig. 2). FEbA VT INO Lo lifkiLE g v
FIMDOUME L E 2z STwizh (Bl 2L, FEE - A9
1987), BEIERERT 5 X912, 7IVF T IO KR
ETHDIEDRERMEICL > THLNZI R - 7.
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Fig. 2. Oblique aerial view north of the southern caldera of Akita-Komagatake volcano. Photograph courtesy Morioka
Local Meteorological Office. (URL: https://www.data.jma.go.jp/morioka/shosai/geology volcano_akikoma.html)

Fig. 3.
Geospatial Information Authority of Japan (GSI) web site. (b) Annotated map showing the three craters that might
contribute the caldera formation.

N2 E U &3 2 BRI R % g s LT, 7%l
T S B & BA L. AL EENEE OIFIZE
BB NIERSH, VT I, B v T T iEE o
3OWEKRBIEN TG (ZEEE - A, 1987). UKL
TR O B AL DE S A5, 0.074£0.015Ma & \»
9 K-Ar DA ST b (Itaya er al., 1984) .
TR KT Tl A T S BAR OFR e 0 72 TE )
AT o 7z (G- i3, 1987). & L CHY 26,000 cal. BP (1
oAb (1997) IS L 2 FEMRMEE LRLOTFHE S 12 L ) I

(a) Shaded digital elevation model (DEM) of the southern caldera of Akita-Komagatake volcano. Source:

ﬁm%ﬁ)u&ék,%%m%wtﬁﬁﬁﬁﬁzﬁét
TIE T VT IHRE SN, T~ oIl EEE
JE 772NN T L7z (R - fll, 1997; FE-- B, 2018).
ZO%, ANVTIREMOEE MG E D, 15~13ka I
KBRS 2 BOBRNEAAHR Y, ERIVTT
PR S N7z a0V T I, IR LT
TN THAERRLEETL, ZORICHETI VT
WIZIEBFLDBEIL -2 5N Twad (F - i
1997; HA8 - 1, 2004; [+ HELFE, 2018).
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Fig. 4.

Simplified geological map around southern caldera of Akita-Komagatake volcano. Distribution of

eruptive products of the main stratocone period is from GSI (2018); other units are from this study.

5. HIVF SRR

FKH B KL R 7 v 7 5 S O #UE M % Fig. 4
WZRT. S TEAVT IR S e uiRir s
BLOERGHERDIZOWTRABT L. AV T IREHO
IR T HERE X, FIJD - 8 (1997) 12 X % AKI3 - AKI2
MM T B EEZLNT WA (i - A3, 1987; B -
ftb, 2004). SN S DOERITZNZN0.5km® Pl b SN,
AR OO IR FHEFEY (AK11~AK]; H 1L AKS
D 0.13km’*) & HANTEMEL LA S G4 - i, 1997)
FAKI3 - AKI2 DT AV 8y 72 /b e, wihd
HIANT DB TH DI L 2R LT 5 (Fig. 5; fll
A A, 1997). VT T B ORI HER L,
wmui&%kﬂﬁﬁ%%,ﬁﬁkﬂﬁﬁ%%,%Lf
E KR ch 5. o) bERAKFEREIZ, A
SECHICRMLMREw TH L. T, EEARRIC
DWTIEARETH IV T Z NI S 7z 2 & 25H
S o7z (Fig. 4).

5-1 kR AHEREY

5-1-1 AKI13 (F0%01 - fis, 1997)
KBNS L frd S TS (-
1963), FI%1 - Al (1997) SR GG 5@ T lE
ML, F72I2 AKI3 Ednsa L7z, REIEEE v
FIhR~EIHMT AL L, BB X OHLE RIS
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Fig. 5. Isopach maps of the AK12 and AK13 tephras (from
Fig. 4 of Wachi et al., 1997). Yellow circles indicate
the type locality X for the two tephras.
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S Edh A b o (Fig. 5). AR TIE, BHEOWEH
Skm OHLE X (Ab#E 39 BE 44 43 17 B, HURE 140 FE 49 43
525 ; Fig. 5) & AK13 OfEHb & L7z, T o T,
AKI13 [ ZHFIHKILE DR 7 5 CT& % To-h (15,500
cal. BP; WTH - #rdk, 2003) #JE & 2em O LA T
B, Bk AKI2 IZEDN TS, KEE T OES
Lt ST 4 HOEMRME GElE, 1977; H 1, 1978;
B, 1984; AL - 4B, 1997) 5 2 BETIR7-Fhi X 12
&0 B S NAKE DA AIEAY 17,300 cal. BP T
5.

AT BT 2 AR O EFLHEE R % Table 1 127”7,
BAHIC B 2 REORBIEIL215cm TH D, KJEILE
WML, TRAS5H72=>y h K3P~KIP 2355 &N
% (Fi% - b, 1997, Fig. 6) .

% PO K3P X JEE 90cm, FEEDENFRMB A T
U7 HICREEOEE SR L L T8A] (LUF, TEE
TR ZERT D) DEAET B, BECREFCIRIRATE W
TAaY7ETH5H (Fig. 7a). &fFE LT EFHFAL
ZART. A3 TIRRRNAEH, THTILFIgE
1X05em BEETH 525, L TIEFERAZE Lem FEE,
KRR 25em &7 5.

K2P (XJEIEH) 100cm, B~FHFHRBEA 3 7 LB EE
oo T8 DRIET 5, BELFFCIRARWET A2
)7 THDH (Fig 7a). K2P b EHHAALZ/R L, K3P
AR [BA] RBEEF OESE (Fig. 8). A
3T OEEILKIP LR ERBIFTH D, IR
BIZTFET 1.5em, EEBIZIA2 > TR 2em FCHEANL,
KRR 55em TH D,

& LA KIP 3B 25em, BIKBA T 7 L
o T84 NRET D, BEXHFTHIKOBWET AT
V7R TH D (Fig. 7a). FREIERTRRELLLE -

Table 1.
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Y1P |

Legend
I soil

pyroclastic deposits

ash

scoria
gray / banded pumice
purmice

AK12 Y2P-U|»
Y2P-L

Kunimt A 13,518 + 278"
13,425 + 64 J )

i 14,017 £ 772
..... ﬁ.".".?..s‘t.'-lﬂ}.... 15‘651 + 1291‘,7)

. . 17,387 + 3387

Minamidake PC|
Obonai Pfl }gzgg + .15%1:2’
14,526 £ 653 237 &
41 3500 18,267 + 3961
o8 s 19,716 + 644'%
To-H ~. 15,500%

Fig. 6.

Columnar section of AK13 and AK12 tephras at

type locality X (see Fig. 5) showing the division of
subunits and the To-h tephra from Towada volcano. The

correlative stratigraphic horizons of Obonai and Kunimi

pyroclastic flow (Pfl) and Minamidake pyroclastic cone
(PC) are also indicated. Numbers are ¢ ages corrected
to cal. BP in this study. Age sources in parentheses: 1,
Doi et al. (1983); 2, Wachi et al. (1997); 3, Endo (1977);
4, Toyoshima (1984); 5, Inoue (1978); 6, Inoue (1979);
7, Suto (1982); 8, Machida and Arai (2003).

Summary of outcrop description, including thickness, average grain size, types of

juveniles, vesiculation of juvenile material and type of facies defined by Wachi et al. (1997),
of each subunit of AK13 and AK12 at type locality X. Abbreviations: S, Scoria; BP, banded

or gray pumice; P, pumice.

unit  subunit lhi&‘:;:;iss { a%fe?‘iangii?fn} essential type  vesiculation (W ;;ﬁf ;[:a[]}_lfile;g?]

YIP =220 silt~2.5 S, P.BP FARS 2-3
Y2P-U 140 25 5. P,.BP A 1

AK12 Y2P-L 115 sand-2.3 P. BP @ 1-2
Y3P 35 1.0 P ] 3
Y4p - clay - - 3
KIP 23 1.2 S AN 2
AKI3  K2P 100 1.5-2.0 5 O 1
K3P 90 0.5~1.0 5 Fis 2
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Fig. 7. Photographs of the AK13 and AK12 tephra units at locality X. Scale bar is 1 m. (a) Scoria fall deposits K1 P,
K2 P and K3 P are the subunits composing the AK13 tephra separated by a soil layer from the underlying AK12
tephra. The lighter color of K2 P reflects the greater proportion of accessory and accidental materials in the unit. (b)
Subunits Y2 P-U, Y2 P-L and Y3 P in the lower part of the AK12 tephra. Unit Y2 P, defined by Wachi et al. (1997),
is divided here into Y2 P-U and Y2 P-L; Y2 P-U contains scoria and banded pumice and Y2 P-L is mainly composed
of pumice clasts. Unit Y3 P is composed of stratified fine ash with occasional accretionary lapilli. The enlargement
at left shows the newly recognized ash layer Y4 P. (c) Subunit Y1 P in the upper part of the AK12 tephra, consisting
of alternating ash and lapilli tuff layers.

EMEREY. A3 TIEEEENELS, FIRE L7225 TR - il (1997) XM <, AKI3 2R L 72

1.2em BET, HAMFEIE3em TH 5. Mk, Tovh s XK (K3P) oY), mEHO
A - b (1997 12 & 27 7 9 EOEHM S 4 TR 7)==k (K2P) ~EHERB L, REBICHT T VY

ok K3PEF A 72 KPIX¥ 471, KIPIZY JRMEK (KIP) NR-72EEZ 5N,

A 72 Lm0, HA - AL (1997) &R UREEDE SN KIFOREWE L, A S ARG A EEHER



214 HYUCRFIR - HlEss - # )
AK12 \
R e et e s st A IR °=°
® ®© @@
Y2P-U
&aecC O
Y2P-L
O D
Y3P Chain A A
Minamidake PC eo o
AK13
K1P ( 1 1]
® e°
K2P
[
K3P : LN
0O 20 40 60 80 100 50 54 58 62 66
Component (wt.%) SiO2 (wt.%)
i AK13, 12, Minamidake PC
umice 12,
e _ O pumice
[ gray or banded pumice © gray or banded
pumice
- porous or dense scoria ® scoria
] accidental or A Kunimi PAl
accessory lithic A Obonai Pfl

Fig. 8.

Stratigraphic variations of components (left) and whole-rock SiO, contents (right) of juvenile materials

in each subunit of AK13 and AK12 tephras and Minamidake pyroclastic cone (PC). The component analysis

utilized samples collected at locality X (see Fig. 5). Thicker subunits were sampled in multiple levels. In the

right figure, dotted circles and triangles indicate composition of juvenile materials with LOI (loss on ignition)

greater than 3 wt.%.

FTIRAERIE S L 3D A S AT & HAENE A 15 7
AEREERNETH D, EL=y NI HO ARG
BOWEIL, K3P A 73wt.%, K2P % 42~50wt.%, KIP
A 58wt% Th b (Fig. 8).

5-1-2  AK12 (FOF - fib (1997) & —BHEEHE)

A b (1997) 12X Y, FRFE CTOMRER (R -
fi1, 1963) & %\ i Ak-g (Inoue, 1980) & STV 7z7
7 FEH AKI2 ICHEFR SN KB, EHRIVT I
et &S e L, WA A A O Edx b >
(Fig. 5). ARHf7ETlx, AKI3 &ML, BHEOERTTH
S5km O X (Fig. 5) % AKI12 O & L7z
HCIEFER 18em DTIEZIKATAKIZ &) . K@

ET O, SHE SN T 4 MoEA (B -
1983; FI1%01 - fill, 1997) % b & 12, 2 BTN/ FHE 12
&0 B S NARE DA AIEAY 14,800 cal. BP T
5.

I BT 2 AR O E R R % Table 112
KO TORIEIL 510em ML ETH 5. 2&
MLy, T2rLH 7=y b Y3P~YIP| /\féﬂ
T 72As CRIgN - A, 1997), ARWFZETIX Y3P O FEBIC
MO T K 2 BD7z7-0FN % 7T L=y b Y4P
EL, FLY2PERERYOENLLT T =y b
Y2P-L & Y2P-U IZ#5 L7z (Fig. 6).

Bz AR L7z Y4P X P I ol

%?‘.

LK
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T, BEIX lem DU CTHEGEDE C, 23y FIRICED
575 (Fig. 7b). Y4P PUZIIAEWHE IR0 SN\

Y3P (ZJEER 35em, R AR L7k R
WEkRE AR KK E T H Y (Fig. 7b), JEAHX D
K — DHERE Y £ 2 55, Y3P IR oKl
AR, BARAEER RN, T2, FEEHR
mm~2cm F£E DO KILIKEE U ) oAk B L oKL
&, ERIEEEIEEBEE NS, AR OB IX S
fix B URTUED S <, ARHERICKILT 7 A5 TO72 b
DLFAET A, BAOTHRAEIL lem BETH % 7,
10ecm B2 2bDLIEL, HAFZEIL 17cm TH 5.

Y2P (SBE L FF Tk S RV N KW e TH 5 (Fig.
7b). Y2P-L OAREYE LB T A%, Y2P-U LA 3
U7 ERTEARHEIK - IKEEA D &L, EIEIX Y2P-L
3 115cm, Y2P-U 78 140cm Td 5. Y2P-L X, THBIZ
BT FRSEEARN 215 T & B D3 A M & Al K
WIKASFEIE L, WA & EEIC T Tl KLk % 1 Z
EALEFRL D, BRIIIHBENRIFC, LM
1ba7RT (FECIE PR 1.5 cm, i KRR 4cm,
H~ _FEB TGRS 2.5 cm, I AR 6.5cm). L
Tl Y2P-L i BHRIS, FEIEHY S om ORI B [ T
AlEe, #n%E) BERH 11 em OB E KK TI —
TA YT ENTRETVEARE CPYRER 1.8ecm) O 2 E
AHERL T & 72, Y2P-U OAEWE L, BTN R TRtk -
IREFEAREOAT) T HHEFEIIRDOOLNL. INHO
SEREIEH 2.5em, RAKAEKN 9em TH B, WA
Y3P R Y2P-L HF DL D & AR THEENEL, AHTIK
R A RS, fIR - IRBEAR AT T, BALD
b FIE D,

YIP 328 ~#B b I LIK & BTk R v
b T KiEE O TH Y (Fig. 7¢), KILIKIEHIZ1EX
MEADEIFNL. BEAHICBIT 5 YIP IZEE 220 cm
Dibd s, REYEOFEEB L OHERIE Y2P-U & 1
L, ZWVIHICES, ik - IKEEABLOTATY) 7TH
. I ND B Y2P-L O & D L,
YW E ORI THFIH 2.5em, A 4em
TH5.

FIEN - Al (1997) 12X B EHH S A T X2 HD T
KR =Ed 4L, MO Y4P & Y3P LS 4 73T
HDH. ZOHL Y IIREMEE G T, BT/
FIRICET 2R TE KUK TH L 2 s, B K
LN X DM EHEMTE %, Y3P X F-D KIZ
HEonTTL7 b7 ==L EzHhTBY) (I
A1 A, 1997), ABFZEOHEFERIZ BT defTiiEo
fER & FIEE v, Y2P (AN - B (1997) TIES 1 71
s, 7)) ==L HEESN TS, B

ZBWTY2P IEMENICY A T 1 2 B E T 575, Lkak
DY Y2P-L TESCIEEEATH 2 KILIKASFEE L, Y2P-L
REMCTRBODRT vy v aa—F4 Y 7 2% TN
T MU Y2P-LOEFICIESY A 721K 53 b
WEBRAELEIN TV 202 ENS Y2PIETY
==K FERTH 275, Wrsehyi2 7 v 2 Xk~
TRIKEEMER DI Lo EHEETE S, YIP AN -
it (1997) LKk, A4 72854 T3DHBETHY
T RN E < 7 IR R0 R L CiE8) %
T LIZEEZLND.

KRIFOAREY G L, B A HEAANE T E A 215 2
L7AYA N, fk - IKEEABLOAT) THEPAL
ARAEFEAEFEAZIE 5 EREEZNSETH
L. REWEAELEL=y NHOREYE S A TOl
KIFLTOLEBYTHD (Fig. 8). Y3P H TILEA A 48
wt.%, Y2P-L I CILIEAAS 46~T1 wt.%, Faitk - K @R
FDS0~3wt.%, Y2P-U H TIXEATAT 0~ 13wt.%, Faik-
IR EEE DS 55~60wt.%, B AT T A5 14~28 wt.%,
YIP TR A AT 26 wt.%, #ik - IR BT 2% 6 wt.%,
A3 T A4wt% CTh 5.

5-2 kR EHEREY

5-2-1 HERMAKETHETEY (OboPfl) : HEE - AH

(1987)

HE1979) 12k W ImmICRRE N, Fofk JHE -
Fidt (1987) 12 & ) BIES S N RIHRERYI CH 2.
RRGE =N CRTHOILA P, FlE (F -
1979), PEEBILEE OKPURA I (FHE, 1982) 12540 A%
SN T0D ARSI RIRO O EKILKOIEE FIZ,
M XN FEOTENZ T ) TOldy, WEl < [
Al o EE AR PHIE LR R Y. REWE
DAY TIE, AS A EHEFHEAE A LR
BEINETH L. RFHO AR, SHE SN Tn5 2
DOEMRME (FF1, 1979; ZEHRE, 1982) # b &2, 28T
WA TR E LD EH SN ARE R AERITH
15,100cal. BP TH 5.

AR T AR NI B VT 2 2 R 2 1572
7290, DN Z OO R LB E . A i (Fig. 1)
DOMIE B X OSEHE A % Fig. 9 (IR AL
B, AR AE B AL AR 5 e (e -1,
2004) DAL TCTEY, AERNKIEGHERD OESD &%
A N5 PHEEIAOBEILFE LI > Tv% (Fig. 9a
b). AMIBNOHE A-1 1, HIE X ) AR HERE
W EABARNINE AT OB AET 2 (Fig.9a). &
DI BT, ARNKRIPHERY () 10m DL,
A ) TAXFEIGRARR 2om, S RRLFER 20cm TREDO 5
N, BIE 14m DL EoRE R EGREHE LT\ (Fig
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Fig. 9.

Al

I
Hinakinaigawa
"2rJd lava flow

Stratigraphic relationship between the Obonai pyroclastic flow (Sudo and Ishii, 1987) and the Hinokinaigawa

2nd lava flows (Suto and Ishii, 1987) in area A in Fig. 1. (a) Geological map of area A showing the distributions
of the Hinokinaigawa 2nd lava flow and the Obonai pyroclastic flow. Contour interval is 10 m. The topography is
from the 1: 25,000 map “Kunimi Onsen” published by GSI. (b) Shaded DEM of area A (from GSI). The relatively
flat surface of the Obonai pyroclastic flow is apparent on the northern and southern sides of the valley. Locality A-1
is at the boundary of the pyroclastic flow and lava flow. (c) Photograph and (d) annotated sketch of the outcrop at
locality A-1 showing that the lava flow (Hinokinaigawa 2nd lava flow of Fujinawa et al., 2004) is overlain by the

Obonai pyroclastic flow.

9c,d). I DEFTIE SIO, mAS59.0wt.% FRED A S

HEAMEAZINETH D, ARG EETT S
WO BRI A RS (M - {1, 2004). L7255 C
A PRI K IZEE R I AR AR NN 88 i i 0 LA o) Jeg it
LEZ5.

A M OB OB 2 B E 2 5L, AT
W ETRANNE EERPBIRT T L, ZOmARE
WIS LD THERE L, IARNIINE EETi s Eo
7. ZFLCHEMEEE & & IR ARESINLZ LT
BIROIARNNGE ST L, AR K AT
WIS 72 e B BND.

5-3-2 ERXERHEEY (KuPfl @ $1F5)

ARRFZEIC & ) RRLE O KRR & b L, ERX
e & asa L7z (Fig 10). RIBIZEEEA VT 7RO
WX, ANT I REOIEIL LT, FEILEOEILE
BOUTHHEDON, WHENEZATIEA T T HEEED
SRR 2km OB THRRO LN L. HE A VT TIE
M OH A B-1 TIE, ABIIEB L OERECERT 5
(Fig. 10b). COMETHORBIEIL 5m U LET, B
AR SOV MEKILIKE S, B S 2B G o

A L7, REIFHOEREET 2. B IECRRE
T 55 L A GRS B (Fig. 10b), &S+
cm BEOKBHROBEREVBREL TDL I ENTH 5
WA O KRFAEIIF 20em TH L. R L LLEEHAINVT T
ECEE IO M T B2 T, AR E KR 2 T 5
KWW % 5 E - Tz (Fig 10¢). 72, mllifEsHR
LA B-3 (ANVTT) A LED1175m HTOFEH
300m A IET A) THRON DRI, BEH 1~2m,
Wt v MEKINIKHFIZH K 4.5em @%%%@ix
ADAE L7z, HEIFFOMEL 2T 2 (Fig. 10e).
BEWE ®%EipﬁﬁE$H¢EﬁME~T4ﬁ4FT
H5.

4-lAl, HbsT B-1 (Fig. 10a) OHEFREW 2> & AL A 1
AR AL, EACIIE R ML 7. 155 7 Mo FEAL
12 11,570 £40 y. BP, JEAEARI 13,425 64cal. BP TH 5
(Table 2).

5-3-3 EWEAEEHEY (MPC; Bl - AF, 1987

EHEE)

MESH VT T RO E S A KR TH 5. EE
IEHPEH 600m, ALK 300m THPGIZHETS, ekt
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SMinamidake PC_— ¢

o
SOUEh_em st Crater

Kunimi Pfl |
|

Minamidake PC

Fig. 10. (a) Enlarged geological and structural map of area B in Fig. 1, showing the volcanic units at the southern rim of
the southern caldera. Contour interval is 10 m. Topography is from the 1: 25,000 map “Kunimi Onsen” published by
the GSI. (b) Photographs of the Kunimi pyroclastic flow deposit at locality B-1. Close-up at right shows the matrix-
supported structure and included pumice clasts. Each colored (red and white) segment of the scale bar represents
10 cm. (c) Photograph of locality B-2, showing the Kunimi pyroclastic flow (Pfl) overlying the Minamidake
pyroclastic cone (PC). (d) Cut section of a pumice clast in the Kunimi pyroclastic flow collected at locality B-1. (e)
Photographs of the Kunimi pyroclastic flow along a mountain trail at locality B-3 on the southern slope of Akita-
Komagatake volcano. Close-up at right shows yellow-orange pumice clasts scattered in brown silty matrix.
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Table 2.
(locality B-1 in Fig. 10).

Al

The result of “C dating for a charcoal sample from the Kunimi pyroclastic flow

Sample Mo. Tocati YC age & C Calendar age (probahility, %)
(Lab No.) ocation - wppy {%a) (cal. BP)
1o 13.489-13.405 (58.4)
AK21-21— . 13,380-13,360 (9.9)
LocB-1 11570240 -24.65+0.26
(AAA210539) 2o 13.571-13.360 (2.0)

13,505-13,335 (93.5)

138 70m TH 5. JEHFIZRFT, WIEMFEICIEERD
ith & I 1E AL 5 AL 100 m X B 50m O K I A5 E$
L. KBEEOWE ST A LI TERWD, Kigx
B 2 I, eI R ASEE S, KA
rERETL. REOEBWIIEY - B L 2EE
HARICEGY, BEah S AEOREHER L b
HoEND, EEAFERIE, KiEEORFRIIR L wEHY
DIEH, BEHETH I AELRREWEDHFAELY, %7~
RIELEENKIZE > TR SNz EZ 2 6NE. REWE
E AL AAGH RO ETEAZRNEEZIEGTSH
5.

6. BRFHFE
6-1 REBERZF

— NHLEC M A& % Table 3 (2RY . KM O
ﬁaﬂ%m%m%mdttﬁ% J& 1 7 T L2 6 K3P
(AK13) & AN AREGHERY, K2P & KIP (AKI3),
MG EHERE W), AKI12 OB & [ R R HERE
FZLTAKR2ZDAAY)T7D5 7)V—TIZXKBTE, Fh
ENTN—T1~5& L7z, DFIC, ZnEhoiis
A A R 2 (B AKI2 OFIK - JROEA 1L
TN—T 4L T N—T5OFHMNLRHBERT I E0D,
TIV—"T 5 OFHEISHT TR AR L),

6-1-1 JI—7"1 (K3P1=v b (AK13) - &£RA
KREERERY - PALABEFEHBRES
BARRLE)

MBES A ADODAS AT LTI EL I LA
THDH. BERIIPAS ATDEPIZFEND, WAL
B, ANEWSM % &4 (Fig. 11a), BEA I 22~
24vol% TH 5B, ZDH LFEEAIEE— FHET 17vol.%
BEE, WK 3.0mm OFFEROBE~FHETH L. &
BB OM, PSR ORSELRO LN, B
AT E— PR T 1.5~33v0l%, K 1.0mm D5
ROBETH 5. B ILE— FHET2.0~2.5v0l.%,
&K 1.3mm, FHEROHETH L. NEWHIEWIL 0.7~
1.1vol.%, K 0.8mm DIKIRD HIE~MWIETH L. »
AHAFIERK2mm ORETH D, MR O KOG

%%%O.Eﬁun47uﬁ74%4v7ﬁ%%%T

7 BALRN KT AR Y O AR B W M= i)
AR EL SO L. v T4 v 7 AFYOE
IS, BN, HEAUEH, FEREWTH Y,
RN T AT L T 5D

6-1-2 JJ—7"2 (K2P+KIP 1= v b (AKI13) :

PALAREFBREMNEBEAXREERILE)

RNV —T1 EHBTDH, 7V—=71L0)dHhA
5AABERDE - A XL DN 5 2 & THHO
515 (Fig. 11b). BEEIEA S AR OMIZFHER, #
R, HAHMA, NEHEWE &R, BRI 20
~23vol.% Td 5 (Table 3). DADAABERIZE—F
T 0.5~0.6vol.%, WK 15mmOHFEZEL, HfA
W& B BUBEIEIEE A LD SV (Fig. 11b). D
D PG DT 7V — T 1 E T S

6-1-3 JI—73 (AEAREHEY: PASATR

BRBREREABARREERLE)

D 7N — 7 L WARTHREINFICEL L, ~T1 v 7
TR LICE G LM TH S (Fig 1lc).
BESLAAHEA, EAMA, BEEHEL, 2ALAfALE, B
B % DTG A, BEEEEIEH 36vol% TH 5.
209 HFHEAILE— BT 27vol.%, FiEIROH
B~ CTH 5. FELRBEOM, 5 R %
FOMMPROON L. WHHAILE— FHAKTH
7.8vol%, K 2.6mm T, AR~ EHKOHE~F
HIETH 5. HAEHEL 1EE— N TR 0.5vol.%, Kk
0.6mm C, FHROBETHL. 1AL ALfITE—F
HMLELTH 0.2vol%, A 1.5mm OHETH Y, HA
D BUBHED RO N5, ANFEHEE LK 0.1 mm OBk
KoBHFE~METHL. AakINf7at 7571 v 74
A RT .

6-1-4 JIv—7 4 (AKI2 O8BA-ERARRHEY:
BRYEAEAEAT M1 Y1 b~RILA)

gk & U CHBHEN, EAMA, FHEA, ANEMHEY
oA, T~11vol% DIRBES&E THE ST 51 s (Fig
11d). #HEF13E— N T 4.8~8.0vol.%, HK 1.4 mm
TRE~EHROBE~F A 2. EHEaIZE—F
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(a) AK111-4 (Obonai pfl)

(

(e) AK1 )

Fig. 11. Photomicrographs of thin sections of juvenile materials under plane-polarized light. Sample names and source
units are shown above each photograph. Scale bars are 1 mm. (a) Andesitic scoria from Obonai pyroclastic flow.
Olivine phenocrysts with pyroxene reaction rims are common. (b) Andesitic scoria from K2 P unit of AK13 tephra.
Olivine phenocrysts without pyroxene reaction rims are common. (c¢) Basaltic andesitic juvenile lithic fragment from
Minamidake pyroclastic cone, where orthopyroxene is the dominant mafic phenocryst mineral. (d) Dacitic pumice
from Y2 P-L unit of AK12 tephra. (e) Basaltic andesitic scoria from Y2 P-U unit of AK12 tephra, in which olivine is
the dominant mafic phenocryst. (f) Andesitic banded pumice from Y2 P-U unit of AK12 tephra. Abbreviations: pl,
plagioclase; ol, olivine; cpx, clinopyroxene; opx, orthopyroxene; mt, magnetite.
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Table 3.

Modal compositions of phenocrystic minerals in samples from each unit of the caldera-forming period

of Akita-Komagatake volcano. Broken lines divide the stage 1, 2 and 3 (top to bottom). Abbreviations: Gm,

groundmass; Pl, plagioclase; Cpx, clinopyroxene; Opx, orthopyroxene; Ol, olivine; Opq, opaque minerals; P,
pumice; GP, banded or gray pumice; S, scoria; L, juvenile lithic fragment; tr, trace; nd, no data.

Phenocryst (vol. %)

Sample Unit Subunit  Type  Group  Gm (vol. %) Pl Cox O ol O
AKS6L— AKI2 Y1P ap 4&5 87.3 7.4 1.3 1.5 1.1 0.8
AKITI-23 AKIZ Y2p-U ) 5 75.4 15.7 4.2 1.8 23 0.6
AKITI-24 AKIZ Y2Pr-L) G 4&35 849 9.8 20 1.5 1.2 0.7
AKTI1-32 AKIZ Y2pr-1) P 4 894 50 {4 1.5 a1 5

AKTTT-101 AKIZ Y2P-L P 4 928 6.2 0.4 0.4 nd 0.2
AKG6-11} AKIZ2 Y 3P P 4 935 1.8 4 0.5 nd 0.8
CAKIS Ko P4 96 60 0814 nd 02
I O S S 1 S I SN = S
AK111-13 AKI3 K1P S 2 79.9 14.3 1.6 2.4 0.6 11
AKI11-11s  AK13 K2p S 2 771 15.3 4.2 1.6 0.5 1.2
AKI11-3 AKI3 K3r S 1 77.9 17.3 1.5 25 Ir 0.7
AKS3-3 OboPtl - 5 | 76.1 |7.5 33 2.4 tr 1.1

FARCT 0.4~0.8vol.%, K 1.0mm THEAKROAETH
L. EHHEATEE— FHE T 0.4~1.5v0l.%, f% K 2.1 mm
TEHROBE~MELY 23, RNEWFSEWIZE— FHK
T02~0.8vol.%, #KO04mm OIKIROAEZEY. A
Ttk LTH I AET, SEACHAOMIES T D
THhIZE L.

6-1-5 JI—75 (AKI2ZDXAYT : hPALARE

FREAEMEAXRKEERLE)

for V=T EHRTHASL AARRDE— FDEL %
LONEEHTH S (Fig. 11e). s L CHAMEN, E
FHEA, PALAA, BHER, TEWHIY A &4, B
X 13~25v0l% THA. D) LFEHEAILE— FHK
T 8~16vol.%, #AK 1.7mm CTHEAIRD AE~FHE%
9. HHOLEEED LGSR 2L
WIZE RS 2R3, BaHEM I — T 1.3
~4.2vol.%, K 1.3mm THEIR~IKO AE~FH
Ex2EY. EHEAEE— FHEETI1.5~1.8vol%, #&
KO0.7mm CTHMEKROABE~MEELET. »2ALAAE
E— N T 1.1~23v0l.%, &K 1.4mm THIEZ 2
BEAQTEE CTH 505, MR ORI & 2 SIS 5
N5, NEHEWIZE— FHBT0.6~0.8vol.%, K
02mm CERIROHFZ 2T, AEEINAT7EEY T4 v
7 M E By
FRoOEERRT AT E, V=T 4 TR LR
BB 7 Dtk - IREGEAH AK12 O A=y M2
5. BEALE LUCHEMA, WL, »2AL AL, #
i, REHI % & M, BibE T 15vol.% FETH 5.
HEW OB L AKI2 QAR A T 7 O EIY 72

WERT (FHEOIZH 9.8 vol.%, HAEHELT 1349 2.0 vol.%,
AT 1 1.5 vol. %, ANEIIHEIE 0.7 vol.%) . F 72k
JREBEAIZE P IS BWTH BAaF L HEaiBoimREss
i T& (Fig. 110), HMEIIISIRED R, Ay
TAETH L, BOEITEOEE MR CIEE MR
{, AEENATREY) T4y 2 E R

6-2 £E{bEHEk

BEE VT T B W D 4 AL AL O AT R
% Table 4 (IR L7z, 209 b ERAKBRMERY B & O
AKI2 H OB IZ B = (LOD A 1.2~6.1wt% & X
RE <, PTH AKI2 D Y3P & Y2P-U I, 5% 1T-
& TORAN 3wt% U LEOEWLOl 2R L. 20
I CETIIEAL DS HEA TV S E £ 2 5N D 20, AHF
ZETIE LOL A8 3wt.% LT O IZ D TaEH K % 1
L7z HBBEFTIZ, Fig 8 I12IE LOI A¥3wt.% U bk
OBAOME DR L (LOL A 3wt.% Pl E s ok
WO 78y M TRLTWwA), Table 4 (213 Y3P,
Y2P-U ZNZHUI BT, LOI A% bRV H Ok %
RLTW5.

B VT T R H W1 Si0, & AY 53~66 wt.% D
YREEZWLWEDLSTAHA N THAE. Z0HH AKI2
1% Si0, #7A5 54~65wt.% DL VAL 2 77 L, REW
By AT LI DB A RS (Fig. 8; A3
T 1 Si0, =54~56 wt.%, BT © Si0,=61~65 wt.%, fwik -
IR Si0,=56~60wt.%). 7% BEEAIZDOWTIEY
TazZy MATOEVSRON, EoY721=v T
H5BHYIP L, Y2P-L & IR CTHEKE M A RT (Fig
8:; YIP : SiO, =61 wt.%, Y2P-L : SiO,=62~65 wt.%)
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Fig. 12. Silica variation diagrams for samples of proximal pyroclastic deposits and distal tephra deposits from the

caldera-forming period. Samples from Obonai and Kunimi pyroclastic flows show the similar compositional
variations to AK13 and Y2 P-L of AK12, respectively. The basaltic andesites of Minamidake pyroclastic cone and

AK13 can be distinguished in the Si0,-MgO diagram.

AKI3 ZWVWIF ot 7T1=y MIBWTYH Si0,=54~
58wt.% DR R G BEL I E~ R s O H 2R L
7=y METOEWIEFED S v, IR R
Wi, AERRKEERHERE Y 25 Si0,=54~58 wt.%, [E
KT HERE Y 75 SI0, = 64~66 wt.%, T K FHERE Y
AT Si0,=53~56 wt.% D% 7~ 9 (Fig. 8).

Fig. 12 1Z7R L 72 Si0,-AL,0; B & UF-MgO HIZB W\ T,
AKI2 & AKI3 IFHWIZKXBITE %, AKI3 13 Si0, =D
WIAE ALOy EATRA T 5205, AKI2 IFZRAE L
WE2 ST A4 b FTALO, ®IZZE(LL v, —7,
Si0, DAL & DI, MHE b MgO =25 T 5 743,
[ U Si0, mCTHET 5 &, AKI2 DA MgO #I2Z L
W ETRPITES. ALOy B LU MgO DIl D /N—
B —=BIIBWT, ERPKIHER I AKI3 &, E
KWTRHERE (L AK12 OB f (Y2P-L) & ML AS %
WENHEBT 2. B EHERE I, ALOy D/ — 71—
X Tld AKI3 12, MgO ®/N— 7 —[XTlx AK12 & FEH
5.

7. & B

7-1 WHEEH b LR EHEEHOXTE

H VT T TR B L 72 KGR C d 5 AR K
Y CHEE - THE, 1987) &, AREHICED 2 ER K
PERHERE IS OV C, E O R-BIfRE X OVl 3t
W & oxt L OMETE1T) .

7-1-1 AKI13 EERARBRHEREY

A RN KR ERE ) X TR E 5 R R I W R~ K
AT TEREYWEL LTEBY, HESREEHAS
DEPEL L7223 7050 %5 AKIZ ISR TE
7o (B Z A SHERE - b, 2004 72 &), FIHT - At (1997) i

MHEDOKINA T ADEHEDIFEUL T B I Lhs, [H
oMz STz, AUETIEANRRO X 512, WHEDs
HMOEF LM A R 2 & DR T & 72 (Fig 12).
L7278 CREILFMEr 5 b, AP KRR &
AKI3 L XILTE DL 2 E DR T E 72

BRI ) AKL3 IXBHOEL L 3 20 722y b
KAy Ens (Fg - i, 1997). ZhsH 7=y ME
TREFEFHIROENTRO SNR Wb 00, filE
HEMRENEIR N K VoY 72= v  K3P
OREWE L, WHROPAS AL EHET LI TN
AW LA ELINEB L ORIETH Y, BRI
e HERE I O AR W L Ad TR 5. —75, kfio
K2P & KIP D7 2= v N TlE, BESEWHAEGDE
X K3P OREWE & A —7225, GFENLLALAAIE
YA A THY, BhrOoE— FL#NT 5720, &
PR HERE ) & 13t b T & v, DB & 0 AKX
PR 1X AK13 @ K3P ISXFIEASH fETH 1), AKI3
DIET ORI RPN FE L7282 b h
5.

7-1-2  AKI12 &EERRBRHEEY

B VLR R O R EWE L, e EE R 2
TAHEATHY, AKI2 OBAORR (FI% - b, 1997)
E—HTH. FLCHE S QB ED 10vol.% LT Ol
MAZIE~TA YA b (Si0,=61.1~66.5wt.%) TH
D, EUOERENER AR (Fig 12). 5122 h
5 OFELIZ DT, AKI2 A3 14,800 cal. BP,
FE] 5L K T4 3 HE A W0 A3 49 13,500 cal. BP & 438l $ 5.
DboZ &hs, ERAPRIERY & AK12 O 1
—OAREME L L2 ON5.

AKI2 ICEAREWE OEEOWREH LA RO 5, T
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fDY3P & Y2P-L I3 EBE O N E FRE T 54,
AL Y2P-U & YIP TIHEE R 2 78K - IKEE
HOERERY, EHOOBRAOOLFIXIEDT S (Fig
8). AKI ICRROOLNABHABLOI AT 7 - ik - K
R A A FENE T XKATE, Bk ko@D
A ZINE~T A A METHLOIZRL, A3 7,
TR KBTI A S AT R ST IO ILE~ X R
FERIE (Si0,=53.7~595wt%) £ 7%bh. ThHD
Z S E KR AKI2 O TR0 7=y hTH
5 Y3PHLIFY2P-L OBIIZEELEEZONS.
DAL YPIZ7LT b ==k Sl ST
BY Fign - b, 1997), Bk ERRLAOLIH ISR A - 45
Fr O 4EE 2 Bk A Tz, ER KRR R b Bk
B~ OO UK IZ, BARFCRERET DD
A EDPET om BALTRED R L 2EHAZRL, Y3P &
BT 5. TR O~ M) 7 A SRS
VENETHD, TR YIP O LD RiED
KEVIEKICHRET S 2L 2RET S, Y2P-LIE~Y T~
IRIERMENKR T ) KK xS A8, 77) = — 3k
HERTH Y, Y3P & AR THHEEAVN S VIR E & 2
SNA. L7znso CHELKI TR L Y3P (23 g
B DY &SR 72,

7-1-3 FEXEEHEY

BEAZGR A7z X9 ISP G K LR 4 v 7 T IS i
L, ERKFRHEREDICEDbN TV (Fig. 10c). ki
O3 Y FE B KRR HERE Y AK12 OFICREETE 20
T, BRI AKIL2 R PLENC 7OV 75 TR &
NTWERHRTESL., ZOZ LR OEEAERIE AK
13 DK H 2 VIEEKBICER S E 2605,
B K HERE W O AR B E 13 Si0, = 53.3~56.3 wt.%
DZRABERIAEHMELTH Y, AKI3ZOHFTH Sio, =
ZZLwRAay 7 EENT L. L LanomEEiE
HEFREW OAREWE X, ALO; = TlE AKI3 (2T 5 28,
MgO % Tl AKI3 Tld7 < AK12 L3 2 (Fig. 12).
DiEofR LD, MiE A EHERYIL AKIZ B L O
AKI2 DWW E bt TE S, AKI3 DIEH)I#%, Z L
T AK12 DIFEHIIIER SN2 E 2N,

7-2 EEBAHILT SRR

Lol ) AKI3 - AKI2 O K RFE L, ARAXLotho
IR & T HERE Y O % RO FE L Ed 0 (R4 - i,
1997), FEHRAIVT Tk AKI3 - AKI2 &, o 2xfle
ENSB KR L2 L > TRk Iz e %
AOND. TDH b AKI3 I S5 PR
WL, FEAI N T T OB L O AL G4 5.
E 512 AKI12 OIS I S AL 5 E K i HERE W 13,
ANV T I IEOEIHICRO SN, O L LEE

B VT T ORI, AKI12 OWEBIEN GBI ST
BY, AKI3IZEoTEB SNz, PlEX
D AK13 OIEEH.OIEFER T V7T O/IIcH - 72 £
ABbNA. —HAKI2 IZDoWTld, 74 VXY 7 X0
AN T T OABIARESHEM T E (Fig. 5), 21 2
AKIR2 LAV T ZICHE T L) FibdH o7z (F
1A, 1997). LA LALEE 7 v 7 5 1349 26,000 cal. BP
DUMEHHIED FIERE L 5> TV B 2 s (13- 1,
1997; [+ FEPE, 2018), AKI2 O{FE) LI » v
FI TR L, BMEAIVT T OAUIIAE L Cwis s
AHN5.

C O &) IHEN S 7z AKI3 - AKI12 OE B L O AL
BICMA T, EEH VT 72 R—mE IR L7z
“MF (Fig.2) THAHIEEWTALE, BV
T & AK13 DK THIVT T, AKI2 O TH IV
T AR L, TNORICES L CHR [HE
HNVTT| THHEEZONL, BRAIIHVT ITED
WK% B2 L, BRI ILVTIE3 20RO S L&
IR Z S (Fig. 3). T1bHid AKI3 - AKI2 12 & D)
BN\ 4 OKINIHIBT A Db Lt \was, —F
THANT FIRAAOERE - B K DB S - Eo
WD H L. ISV TIIBEICB W TIE, HIELH
fECTH DL (Fig 3), JLBEE T BRI R S
52 & (Fig. 4), BAED /I VT T ACBEATIZIE T RUE X
HWIERI O FRD A LCB Y (HE - fidF, 1987), &
VT TR LR T WEEZONDL I Ehs, WED
P I N TV B ARERN D 5.

e BIEME - b 2004) TLEEAS VT T IEH I O R
KIZE o TSN EHEEL TV D, 151, B
VTN L NEZFNENOILE D B & LT
BT L, EEANVT TR, BRSBTS S
CILE o THFEON N T IROBEESIRE LI2EE X
7o L LZERE -4 (1987) HSEEICHRIE L CWvW b X912,
M VT I 0N IV T FEEE, BTN 10 EEEGES
LTwb. ZoE#d 2800 LIS & IEATER S 7z 7z
O, LB TIMEDOER R s EZ LN L.
L7275 TRIEICR & e EEA ET 240813 2w

ARG & > CTHH S 2 Sz MRHERS, kg R
ENBRIEMOGE, L CREWEO S AZENIEED
EEPS, IV T T B IZERTE LS AK13 W
(% 15,100 cal. BP), B A IEHK, © L T AKI2
WU (F913,400cal. BP) D3 DICK3TE&LEEZS
No. ZNSEBERIEICAT— 1405 3 I3 (Table
5)

7-3 EBEYE

HEA VT TR O S s 2B L7z 9
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G R R IR 2 S AR O R 2 BAED ), T4E DRE
(Dense Rock Equivalent) {2457 L 72. DRE ~OH#5IZ 1,
R - AL (2007) 12X B [EPTEEE / B R r AL
V2 & o THEM L 7-AR % (i J7 HERE Y & K e HERE W)
13 0.44, EVLAIEFTHEARE Y 0.52, ARG ERE Y X
0.67) % KWW ORRICHES 2 2L THILA. £
WORREO REED ) T TFICELCRLTW A,
%5 AK13 & AKI2 OEREIZDWTIE, FIH - il (1997)
&) ZNZEN054km’, 0.90km® EEHESNTHY (R
FEOF ML Pyle (1989) 121€9 ), AWFETIEI NSO
w7z,

AR HERR Y & B AR R I D v T
o mAits & Fyo 7250, Al L ISR O BT & # U
AR Z DREIE T —I1ZHERE L T\ B L ARGE L TR
Fiw sk 7z (Fig. 13). ARAKBERDIZO WX
B OERIIE, W OKIGRA T, BEifoE
SLRSAAHE TR S T2 (O 1, 1979; i,
1982). @) LALEWINTEIZ O Wi, IHEO AR
WHLX O 3.53km® (55 13 E L HFLEE, 2018) 12 I13E)E
4m (FkF,1979), D 0.45km? 1213EE 35m (L,

1979) OFAEE 72, FEEICO W T, KA
HVT T HBARPGRRFHEN, BEED L L HIZH T L
72 EARGE L (1.85km?), BIE I3 KRS AT D 5m (ZEE,
1982) &M\ 7z, FEEED PHEE L AR, KT IEmEE A )V
T 05 BRSSO TR L, 2L THE
TITHITE SRR S 7 B A & TRIBGRANE T L7z &K
EL, oA (1.59km?) ZHEE L7z BT L2k
TOEREY O BIEE, ERERMAETO 3m (L, 1979)
R BRI IS OWTIE, B VT 7
KO E ILERA (Fig. 10a), 7V T 5 BE O MG
TR, b EWE ZATIEEHAINT INOmM Y
¥ 2km OHETHREDZ. 20 bEREA VT T RIS
DWTIE, Fig. 3 TRLAZ3IDDOKODH B, BEHlOK
FA (1.69km?) %37 & ]5E L, FEIE 34 B-1 (Fig.
10) ® 5m & fv7z. 7 BE R AHGEHERE YA > v
NEDO~Y M) ZATHY, Likoih) 7L 7 7)) =—
SR (Y3P) ICHET S, 270 T o E R A
TlE (=20 LH %) HHEATRNLTHY, ThdzH
W7 Z AL R0 &9 7 W IR b AR A3 A 5
HEZEZOND. O RN S, BRI

T: 4 m*

Fig. 13.

Estimated distribution map of the (a) Obonai and (b) Kunimi pyroclastic flow deposits. Contour interval is

100 m. Areas for each separated flow deposits are given in km?. Yellow circles indicate outcrop locations; each of
which shows the thickness T of the deposit. The thickness values with asterisks in parentheses are cited. *: Inoue

(1979), **: Suto (1982).

Table 5.
*: from Wachi et al. (1997).

Estimated eruptive volumes during the caldera-forming period. DRE: dense rock equivalent,

Sliagee Linit Volume (km'y Total (km')  Volume {DRE km*)  Total (DRE k™)
AKIZ 0.90* 0.40
Stage 3 0,95 043
e s Kunimi pyroclastic flow 0.047 .019 '
Stage 2 Minamitake pyroelastic cone 066 {066 0.0029 00029
AKI13 34* 024
Stage | .58 a7z
i Obonai pyroclastic flow 0.044 0.025
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JEICBWTid, &FMoR 2km (19.2km?) 12FH T L7z
EARGE LT E R 7. IWECORIEIZEILER VO
Loc. B-3 (Fig. 10) @ 2m & w7z, BE6K eHERE D)
1ZFEIEAS 600 X 300m DFEH, S 25 70m OFAEHE &
LCHEHBL.

PLEDTETHEE L2287 V7 T K o 4 47
WOMFE & DRE % Table 5 (2R L7z, BEbH VT I
WK DM OFAAAE 1249 1.54km’, DRE 1349 0.70 DRE
km® PEIENDL, ATV TEICRAE, A7V 1
EAT =V 3 OFRBIZENZIE 0.58km?, 9 0.95km?,
DRE (%1214 0.27 DRE km®, #J 0.43 DRE km® & 72 -
7z.

Sato and Taniguchi (1997) (2 X %, W OMAAE & K1
BOBBEREHAVE L, AT 1 A7 =Y 3 TEK
SN2 KODEEIEZNZNA 550m, £ 1.7km & HERE
T &7z (7B Sato and Taniguchi (1997) (£~ 7~ MK &
< T IRBELEIEKEN TN OB EER LB, b
WOWEKENP D AT =2 1Id~v 7 ~EAONX, AT —
V3V S kEAEAKOXE M), BEOEE
VT T —FE AR L7, BEH 3km, H
BH1.5km OFEMIETH 5720, BEANT IHAT —
VI1THINVTFIFEE, AT —Y 3 THNTIuE%E
L7z &2 DA VT IR, HEE L2k
BOBEIPLLZHRLEVZ D,

HHLZZEELY, A7V 1 27—V 30KLE
384645 (Volcanic Explosivity Index (VEI); Newhall and Self,
1982) Zwsid 4 LML OND. Tabh, MWEY
VT T L PRI AT b7z 2 [l VEI=4 OWEXIC
LR SN RN ONS.

7-4 FEEBHINT FHHRERDY T IEE

3ODAT VOB LT, RENLZICHL
FeO'/MgO D /N— 7% — K% Fig. 14 |2k L7z, 7% B LOI
A 3wt% UL EOREWE IO WTIX, Fig 14 705 BRAE
L7z, 3207 =Y D5 L, EIWEN»S R TEEL
HHTHLAT—T 1 L AT =V 30MEEWIE, KO0 %
Zr D X O R ETTE T L 2 b2 R T
A%, HIEk L7z ALO, %2 MgO 7213 T/ < (Fig. 12), Sr %
Cr DN—71—[, Si0,-FeOYMgO X CH# 7 % 2 L] %
RT3 (Fig. 14). WA T — Y HDE WL, ALO; X Sr D
=S = TIEEREMTREL, CrON=H—KT
EEREMTRE W, & 512 Si0,-Fe0'YMgO X Tl %
I TPAT R R 2L ERT. 2ol ers, A
T 1 E3EENENDELR DML 72~ 7~ OiEE)
CEoThbanizeEzbhs.

AT =3 T, AP IERa I L, &
SEMATY T LR - IKBEAPERE RS ELT

INOREWEDH L, B (FAHA ME) LHROA
)7 (ZREERNEE) (THE I8 b 2m i x
RL, IR KBRS, AL AT T OHEIT
WERYT., STOZENPHAT—Y 3T, BAICRES
NAHATAYA NE~r~&, Baxa)7icfFESNns
IREEZILAE~Y 7~ OREGITRI 5Tz EZS
b, AT— 1 TEMIREA D & 9 L AN 2 R E W
B onhnwds, o712y s Thb KPR
A PR KR HERR ) O A B W E 2L, M0 SO & 35
ONALARBRDPHEEL, 74 v 7 dEMb RSN
LI Emn, RTIRERZITIREEED S, I
AT =T EHRTIBENRI > T2 ET 5L, MO
R FeO'/MgO %5 W T, =7 14 v 7 Wil 1 &l & ¢ 5
HoTEBY, AT—=U3OFHF1 LT, LhwAER
LBERAEER I~ TholzbEizoNsb, —J, HEH
W~ 7, SiO-CrHMIC kB EAT—T 1 TIE
Si0,~59%, AT —T 3 Tl 65%RED S0, =TH 5D
EHEETED.

7-5 FHELUEBHHINTIEEYOBES
A VT T IR LA, [EENEACE A VT NS D,
Z DHDF) 3000 AEFTA HEH A VT 7N TOFHIFE
179 % (FIA - b, 1997; HEHE - b, 2004). 3000 4F-Fij %
SHAFE CTOFETIE, ZNE THEEEH IV T T N/ -
WA - EEAE K EB L OE NS ICHET DAL
PSR O LA AR O L5t 32 554 3 B AR AR 2R
— - ETRATRAEE L E 2 ST (EME - b
2004; [+ HFEE, 2018). Z 45 DIHFE)IZ DWW TIEAHF
FCE D RELALEL 2o/, 209 bl kimid
VT TR OB TH B 2 E0ah), FEEbh v
T TN THA VT FIHEENIN IR S V72 K i, /M
ELHEDHRTH DL EDHL PR »72. F2HE A-1
(Fig. 9) Tl&, AMRNAFERHERE AR AR NN 5 S
A WET LB 2 AT &7z BARNIIE—EERIE
BIEARO TR CTh 2 (FEME - b, 2004) & & A BEF
AAhE, TNOEETLAE - A (1987) A ERE L7z
L9102, FEEA NV T IR O L2 5.

8. ¥ & &

B 7 KL V7T O 2 S 20123 5
728, 7 ICHILHEE - B - v ) v TR T
R ORERC LB AT, BENEISE, LT
REMLT:. TR, DFOEPHS NI -7,

(1) E#H VT2 D VEI=4 DIEKIZ L > TE
B SN BOKADBEE LIZBEI VT I EEZ b0
b, EEANVT T OIEBGERIL 3 DDA T —JICKGT
&5,
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Fig. 14. Silica variation diagrams for the rocks of each stage of the caldera-forming period of the Akita-Komagatake
volcano. Samples with less than 3 wt.% in loss on ignition are plotted.

(2) AF—T1: 815,100 £/ OEKIEHTH Y, —HDBENKIZ L BRIV T T OFFHATEE & vz,
AKI3 Z L7z, ZomEiEE 7 2 ks (3) AF—v2: AF— 1 OIGEIE, EEREBEILE
WHE Y, FECAERNKBR S FEAE L. 20%T) =— TN, AV T T NOEIGIZ T~ 7Y IKER
KM AZHERE L, BF IR < BENE - KK & HEfE & MERASFEAE L, B K AT S A7z,

H72. COBHINRZDAT — YV ORABIBEOHEKTH 5. (4) A7 =2 3: 4913400 SR B &, EEHANT
O, KB T LHO T IV 2 A& 1T 72 T OALFIH CIHENASBALE L7z, & OGBS/ 22 k7%
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S HMEEY, FOB7LT7 b)) ==X
BL, ZORINCERXBIASEE L. ZOH®REKIE
7)) = —NMEKIZHERS L 724, Wii91o~ 7 < KA
KL TN ) NG FEE L. Zotkid7 v 2 g
KE T IRBELER DR L, HEaET L 2
DO—MDOTEE L Y BRIV T T AT & 47

(5) A7—= 1 & 302 ROKBBEKOREYE L
WD &AL E R L, TNENIMIL L2~ T~
FUCHRT 5. BRI oARKNZE R Eb 2D
DO L7z~ I BDEFEL, TN O DIMEKIEKT 5 2
ENZ & oC, L BRI 2 MO O K & 2K
FEHE LD D 5.

El i

ARIFEClE, WHTER TR FHZ RSB L O Rl
K2, WE AL AT Tl E RIS, XRE 57 T
AR AT RIS BRI R o 72, TR REI2E
A A=Yt T R YAl il o i1 | S AN S AT RVAZN
BN O AR FREUZ D W CIEBREE S, AREFIT ORI % #4572
F-HYRETH CTH L EILREOARRIICNE, &
HCTh B ACHEEEE KA OFES— K, Kok
OEMINERIZIE, £ DERMOAM % 8 L C\wiz72
Wik, BELZIHERM - WS, FARIIKEL
WS N HBARICIE, SCEREEIC X B kit
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