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Eruption History in the Post-caldera Stage of Akita-Komagatake Volcano,
Northeastern Japan Arc: Correlation between
Eruptives Constituting Volcanic Edifices and Air-fall Tephra Layers

Akihiko FunNawa™®, Masayuki Iwasakr*, Kyoko HoNpa*, Akemi Nacao¥,

Takeshi WacHI™* and Shintaro Hayasuar***

Akita-Komagatake volcano is situated at about 30 km west of volcanic front in the northeastern Japan arc.
Development history of the volcano is divided into 3 stages; main strato cone, syn-caldera formation, and
post-caldera eruption stages, in descending order. In order to reveal the comprehensive eruption history in the
post-caldera stage of the volcano, correlation between eruptives constituting the volcanic edifices and dispersed
air-fall tephra are investigated, along with re-examining geology of the volcanic edifices formed in the concurring
stage. Petrological affinities such as whole rock major-element chemistry and mineral assemblages including
modal abundances of phenocrystic phases are utilized in identifying the contemporaneous eruptives of various
modes of emplacement. To avoid the effect of phenocryst-matrix separation, coarse-grained tephra samples were
selected to the whole rock chemical analysis.

The revealed outline of eruption history is as follows: Tholeiitic magmatism has been dominant through the
stage, with episodic calc-alkalic magmatism at the final activitiy in the northern region (ca. 4,000-3,100y.B.P.).
Relatively large eruptions occurred at the beginning of the stage (ca. 13,000 to 10,000 y.B.P.), resulting in caldera
and probably large horse-shoe shaped crater as well, rather than forming volcanic edifices. Formation of the
northern volcanic edifice began ca. 10,000 y.B.P. Five pyroclastic cones were built up successively, and subordi-
nate lava flows or pyroclastic flows accompanied with them. Composition of magma was abruptly changed from
andesitic to basaltic around 8,000y.B.P., and the basaltic volcanism lasted to 7,000 y.B.P. After ca. 3,000 years
of dormancy, phreatic explosions occurred successively, probably giving rise to horse-shoe shaped crater at the
center of the northern area. Calc-alkali andesitic magma effused to build up a small pyroclastic cone immediately
after the major explosion event. After ceasing the magmatism in the northern area, volcanism in the southern
area was initiated by phreato-magmatic explosion in the floor of the south caldera about 2,500y.B.P., followed by
vulcanian eruptions, lasting until ca. 1,600 y.B.P. About 1,500y.B.P., eruption center was localized to two major
vents at northern part of the caldera. Repeated eruptions from the vents have built up Medake and Kodake cones
and their associated lava flows. The latest eruption occurred at the summit of Medake in 1970 AD.

Key words: Akita-Komagatake vocano, eruption history, tephra, basaltic volcanism, island-arc tholeiite
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Fig. 1. Index map and topographic outline of Akita-Komgatake volcano. Triangles show localities of Quaternary
volcanoes in the Tohoku region of Japan. Point marked with star (%) indicates the site of drilling (see text).
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Fig. 2. Geomorphological map of Akita-Komagatake volcano.
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3. Geologic map showing the eruptives at the post-caldera stage of the Akita-Komagatake volcano. 1:
Tertiary sediments and volcanics, 2: Quaternary volcanics erupted prior to the formation of the
Akita-Komagatake volcano, 3: Eruptives in the main strato cone stage, 4: epiclastic sediments. Other
abbreviations refer to those in the text and also appeared in Fig. 4. Solid curves show the caldera or crater
walls, whereas the broken curve indicates the inferred location of the step on the caldera floor.
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FALD AK-13 225 AK-3 £ TO 7 7 F@OHER SN 5.
AFREHOFCHIAHA « fth (1997), +FF (1996) 1TZE LW,
Fio, HF2EEH (AT, FIRED» OF 1 BRI E 5 ME
B, fEE 8dom M) &, 553 %A (AEmnvT, E
IKTEIREH 0 O, FEEH7T40m L) T, ThZh
AK-3~AK-1 [EDE ZHE L 72

PIR, FOF0 « ftl (1997) 12 & 2% 7 7 5 DI, 1
KBS (VEL HARD), WK 4 4 778 L O Eic ko <
HEEBEHAEZEE 1ORL, aURHRIsSIC 81 551
oA HET 3.

1, R - fih (1997) IZfEV, #iE@mERT 5248

EHOME A RN 70w 7 ThAalReENd 5. FEH
HVF 5 DIEEI, XF@D, vy 5 IEEHE LY

K% (8] LFdld 208, Flo k5,
RERS 2 B L 7s o,

Z 1. BFF7 35 OIS
Table 1. Eruptive characteristics of the air-fall tephra.
tephra| eruption age (y.B.P.) | location of vent | VEI | type of eruption
AK-13 13,500 - 12,000 southernarea | 4-5 Plinian
AK-12 11,900 - 11,600 northern area | 4-5 Plinian
AK-11 10,000 - 2,000 northern area 3 vulcanian
AK-10 10,000 - 9,000 northern area 3 vulcanian
AK-9 10,000 - 9,000 northern area 4 Plinian
AK-8 8,900 - 7,800 northern area 4 | phreatic, plinian,
vulcanian
AK-7 8,400 - 7,500 northern area 3 vulcanian
AK-6 7,200 - 7,100 northern area 3 Plinian
AK-5 4,000 - 3,100 northern area [ phreatic
AK-4 4,000 - 3,100 northern area 2 phreatic
AK-3 2,800 - 2,300 southern area 3 vulcanian
AK-2 2,000 - 1,600 northern part of | 2-3 vulcanian
south caldera
AK-1 1,100 - 1,000 northern part of | 2-3 vulcanian
south caldera

SR
Fi, 23N 7 - BLHEEBNICE
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W, BAOKECRIEE R, HET 230 7 LM
L, KREESNcE 3223 ) 7 « BARALOZD)Z, H
—JEAN TR oL, BT, Tvh s EKER S
SN T75TH, PRREDOR AK-3~AK-1 D
BGREbc R ZfUER g A, o ld, KL
TR « EfHPSIE R b v RYKHBVIEH 77
== KT, AREYIE A T 5 B HR & HER
aha.

AK-13: /NEFR A (B85 13 KP, LITEER & &IFEN
5. RNk RES CERBE 1982) & &b, MEA VT
FIERICBEE L 22K EEY & s, Fhie o, WEZ o
) 7 ~WEKIKE (K3P), 8422 7iRIERE (K2P,
[EEH 100cm), WEZ 2 ) 7@ (K1P, JEEH 50cm)
DFEET 5. Alalid K2P 2 5, Ry 3~20mm O X 2
V7o GRAE9: D KL KIP 2 SRIEK 1~5
mm DAY T EKAEERL 7.

AK-12: HREEA (YP) & bR S, Fhid 5 kiliw
AEESUHRKILIK (Y3P), - ifABL vz
7 EIKE (Y2P, [BE 80 cm), WE R 7 1) 7~k
Fe2a) 7 OHE (YIP) MEEEd 5. 48] Y2P 72 O,
I~10mm RO 3 Y 7 « B (R S: 2) ZEHHL
7.

AK-11: EEf25cm OB 2 2 ) 7 EKIg A2 754, KL
R 1~4mm OWER 3 Y 7 28 L 72,

AK-10: AK-11 O FIcf@E# 15ecm OE 2 3y 73
KgAK, K 1I~3mmEEOME X 2 1) 7 25
L 7.

AK-9: 7RG (AP) EbF 5. F 1 B AEOH
T, V2E2EEEERY 60cm, ik, 237 .
BAARAE (BEA S0cm, BIEL 6: 4), fkiKLIKE
L2 M olICTEE T 5. IRAERICE O CGRE IR
HUL 72,

AK-8: YRV A7 (HP) & PRI 5. JEEH 170ecm T
JBICHINTE 5. ik FALICEHBL O KILIKE (H3P),
Zokicza ) 7 - &AE (H2P, [E/F 50cm, JRAEL 7:
3), i EA7ITH) 100 cm Bk, fHELA 2 ) 7 0 HJE
HI1P, AEHEIE D JEE 13 13em) HFEET 5. H2P >
5549 2~20mm, HIP 7> 5 (38K 1~5 mm DUk % £
HYL 7z,

AK-7: Fhrkbv, Ei8cm 0RB@IE X 2 ) 7JE,
[EX 8em FEOFREOATKERAE, < OICHJE L cHIK
EkIIKE»REE L, AEER 40em 2759, M2 /g
hoxznTn, BE2a3) 7 (B 1~3mm), BXTH
RO (B 1~4mm) ZEHL 7.

AK-6: B 1~8mm D23 ) 7 « 8% FkE L
GRAEH 6: 4), JEE 60cm 55, Eflic L 23 X 048

ErED SN,

AK-5, AK-4: [lifE & & ICEER 5 cm, IKA~BHIK GO
MRk & kB ET, AEVEIGRED Shisw. kil
% 1~3mm DK ILIKZEHL L 72.

AK-3: IR 2 ) 7 ~IVE KK EFEE L, kD
HFROWEAKLK (BEH Scm), 1BEOMHRE KILIK
(&5 10~15em), EtBEMkL KK, BEE XD
K, B X OB+ S5, 52, 5B 3HBHEIIBL
T, FOWEZ2a )7 (I~3mm %) L CBOHE
WEALK (1~6mm %) ZHEL 72.

AK-2: BEH 10cm THE 2 2 ) 7 ~BE XK EF
RkEd 5. 2FBIICBWVT, KR 1~8mm WE KK~
23 ) 7 AR k.

AK-1: e Rt~ o WE KLk, B
FE~EKEWEZ 2 7OREREE . BRI 15~
20cm T, FiR 1~15mm OWE R 3 ) 7 2L /2.

AK-3, AK4 o2 3 ) 7EEE: 5 1 BIHT, AK4 D
FHH 2em (AK-3 O N AH# 3em) 12, A 3ecm D R
o) TEELAEE T E 2 R 2~Tmm TH B, A
WRTEIORI Y Th, fioF 7 5L & bICEI
St L, woWmitE2iT-7. LIF, AK-3.5 & KPR
5.

5. LKA OREHELFHIEH

LRI > VT, BEER SR 2 ER L, %
Bl 7., GEMNR OB BLESIRTE, RO
AR 0.05 mm, BEH T2 0.03mm 282 % 2 &
DV, BE->T, AT, &AED 0.05mm Pl Lok
TARFEE LB ERGTI I EE L, - MK
13, MR R TERIRE A v v 2 2,000 S ORER R
53k, FAEKER, BLfEk JLEE 4 Kk,
FEELYIc > aid 130k, 2 nllomEhiyciEd 2
~3klo E— FHIEZET - 2. BT, FAEILASR
JLERER 4 KBEF, ARG LiEER, INESS 2 IATHR
INEKFEEICSWT, 77 5 EoxfttERO YT,
PREPRRSOME, SATTIC K 0 ER L. HIER
I A% & @ SEM-EDS ¥ % 5 & (JEOL-JSM 5600
LV-Oxford) ZF\, 15KV, 1X107%A, HIEHRT 100 7
DEMTIT- 12,

ARSI IC A 5N BB O K & & (I LhE - T
W3, BEAREONEN Y A X1 0.3~1mm FE, £
R mm T, B TlE1lem 2222 L b5 5.
EPEPER T, Y 4 XH30.3~0.5mm FREE, B
T 2mm 2B 2B EENTH L. £, WL
(KRB 13, HRKTH 0.1mm EETH 5.

5-1 deERILAHER
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Wi, #v5 v AalEEECRRE EEGRE &
IWRIITE 5. dLHES 1, 552 B LU 3 Kikh, FaiR
A, BEEERE, fEA, by s va, fGE
G, HEHEAERR E I 5 UG, BREESIRO A0
VS VAEESERVWERED OIS, FAE KL IR
BTCKHRHEREY 3 A2 s, RS 3 ki & R
BEILESRDS, H v o v AREE DT ICEOEEN
LGP 55 (352). fHH 50~75 (AR % o
HAE 5D 5. makiclE, FaEIEsRoA 1 7o
74T 4w VHEBIED OND. T OMOBERIZV
T OREBRENRC, MR ~ERRAEE 23
5. KW OFAHIC B T BAERE IE IS, N T
OF 74 F 497~ AT7aE) 74y 7fliEET S
(2.

JEERES 2 Kb & R RIAST &, R RE B
HEE - B HWICHENT 2 (K5 E - ).

FamlusaihoBfEa T, v+ 92 FA b
%5y (Wo) A3 37~41 (mol)% © Mgt (100* Mg/ (Mg+
Fe) atomic) EHEOMHBENED LN, T2 ¥ 51 bk
43 (En) 13 39~45 (mol)% D#ipHZH> (K 6a). HfE
T ARTEAD Wo 13 3.9%, En (3 62.5~70% D%
g (K6a). —7, JLEBHEE 4 KFEErho G <

BERBIAE « e Ilal « RIS T « REWISE - F0A0 Wl « ARERER

En 7 40~46% OFiHAH 9 575, Wo 13 39~41% T,
Mg# & OMHEIIZEY S s (K 6b). HEd 2415k
GlE Wo=3.1~3.5%, En=57~59.5% &, FrafFdtice
R L ZhENERECED (K6b).

52 EEERILAHER)

P O, HEHSE0EicEL GE
2). KRB K OVNES 2 i85, FEHAE
wbAMEIE v 7 v AKREP OIS, i, VS
v, HEMEG, RUPEGHER A SO KREH L IEs
ZHET 5 (RN 1 IEGR, mEEHY, MESE 1
e, IMNERBERDE A HEREY), /MR KRR, AR
952 IR B & O 1970 FFiaE iR A 2 s T
RSN, FIEICR I FNCA Y S v ABREEN5.
GHAERES, A, KPS & bRERE A T, RIkok~
NATaEY T 4y 7 flfkE TEICEL (K.

ORMEBHEAEE2ET 2EHYE, harfElE
KET 5 (K2, K4, £z, NEE 1VEEHRENER
HERDIE 4 & 13, FAPEEEETS o ICH RS, B
ez KD.

FEARMINES 1 it o RS 13, Wo, En 8% %
43~45mol % %79 15 Mg DR &, Wo=40~41%,
En=40% 2 DMk 1 2 s n s (K6c). HFd 5

7 2. (LIARHERHE ) D FLHECE A RIS £ OV E — MREK.
Table 2. Petrographic features and modal compositions of the eruptives constituting volcanic edifices.
eruptives rock name phenocryst groundmass
p! opx cpX ol opq mode [texture
JLEBihizk
REBEXBE (KA) opx bg. cpx andesite| 387 0.6 4.8 0 0.5 55.4 H-0
FRER KR (AK) opx cpx andesite| 24.1~24.8| 2.5~2.6| 3.0~3.5 0 0.3 69.4~69.5 H-P
FEEILBER (KK) (ol bg.) opx cpx andesite|20.1~20.4| 1.1~1.2| 1.5~1.7| <0.2 [09~1.0|75.8~76.0| H-0
IEBEIXRE (HO1) opx cpx bg. ol basalt| 25.3~26.2| 0.5~0.6 | 0.7~0.8 | 2.1~2.2 0 70.5~71.1 H-P
LEREIARE (HO3) cpx bg. ol opx basalt|36.4 ~38.4| 2.5~3.0| 0.4~0.6 | 2.0~2.6| 0.2~0.5|554~58.0| H-0
BRERSE - KBE (ON) ol cpx opx basalt| 43.1~43.5| 2.1~3.0| 1.1~2.7 | 1.3~1.5]| 0.9~1.1|49.5~50.1| I-G,I-S
JEEpsE2 KB (HO2) cpx bg. ol opx basalt| 39.6~40.5| 3.6~4.0| 0.3~0.4 | 1.2~1.3 0.3 53.7~54.5| H-PH-O
HERBER (K2) ol cpx opx basalt| 39.5~43.8| 4.8~5.3 | 0.9~1.9 | 0.5~1.8| 0.3~0.8 | 48.7~58.9| IS
B ESR (OD) opx cpx basalt| 422 33 2.0 0 0.5 52.0 I-G, SE
JEERSE4 KB (HO4) ol bg. cpx opx andesite|  29.5 5.8 5.2 0.5 0.4 58.6 H-0
FaRihis
BARNNIEIBER (HH1)| ol bg. opx cpx basaltic andesite| 16.5~23.9| 1.6~3.3 | 24~3.4|0.2~1.9{0.7~15|69.1~78.1| H-P
BANIE2ZBER (HI2) (ol bg.) cpx opx andesite| 18.9~21.9| 3.7~4.6 | 4.6~4.9| <01 |1.6~2.1|67.3~69.6| H-0
BEEEY (MI)| ol bg. cpx opx basaltic andesite|  38.5 3.1 2.0 0.7 0 55.7 -G
RERE KBE (ME) (opx bg.) cpx ol basalt| 37.5~39.7| <0.3 |0.5~2.4]2.3~3.0|0.7~0.8|54.5~58.3 1-S
INEEVBER (KD1)| opx bg. cpx ol basaltic andesite| 30.2~30.7| 0.4~0.6 | 1.0~1.8|2.0~2.1| <02 |65.2~65.8 P-T
INEE2BER (KD2) cpx bg. ol basalt| 32.3~356| 0 0.3~0.8|14~26] <01 [61.9~654| IG
INERBERS (KO)| opx bg. cpx ol basaltic andesite| 23.0~31.6| 0.6~0.8 | 1.2~1.8 | 0.5~2.4 0 62.3~715| IS
MNEKBRR (KDP)| (ol bg.) cpx opx basaltic andesite| 25.5~31.8| 1.0~3.6 | 2.1~3.0 | 0.4~1.0| 0.4~0.5| 60.2~69.2 1-S
ZE1970FBSE (MN) cpx opx andesite| 31.0~33.1| 2.8~3.4| 2.7~3.0 0 12~1.7|59.1~62.0| H-0
opx: FIAMEA, cpx: HEMEAG, ol: h v 5 v A, bg:&HF, HP: "M T7uoE)F 497, HO: "M 7oAk

7474w 7, IG: [BRHR, I-S: HMEIK, SE: ¥ VA v b, PT: Eus*vs 47
opx: orthopyroxene, cpx: clinopyroxene, ol: olivine, bg.: bearing, H-P: hyalopilitic, H-O: hyaloophitic, I-G:
intergranular, I-S: intersertal, SE: seriate, P-T: pilotaxitic
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ROTHE A OFH IE Wo=3~3.4%, En=58~70% Dl
2hE®H5 (K6c). NMNEkERREEL SO R
ML 1Z Wo=34~43%, En=42~51% DLW
A LD D (K6d). /IMNESF 2 maTReEk T 2 LG
o7 v 5 VTR MgEh 79+0.5 IR L 72,

6. T7SHORBKILY - KIFO=LL & FWHERK
BT 7 salElo 25, ZEKIKD» 5K 5 AK-5,
AK-4 2B 2Rt W T E— FlIEEIT- 7. 20
55, AK-13 (KIP), 12, 9, 8, 6, 3.5, 3, 2@ 8 ik}
Tld, AEEERMATIC 2 [RIFEM L 7. R AEE 3 1TRT.
SRR T 0@ Th 5. 3k EkER L TRY 2
DR, T 0%, MRIEEK (0.3~0.6mm FEED) (Th{E
HEHZDBIOHDIT, 77 7EARNTEL 272&, 1<
TRHICTRIT 258 L7, S8R, ME(EAIC 200 Rl
L, WIRFERBEMES N CHELRIE L2, BEES Nk
b O RBHBIEYIRL B L OEERIEER T H 5. AR
BERLE, FELTH I AEAE, LY, IR T
b ABHES LIELIEEENS. 2%, KETIE
ABENGLIPE A Bk T30 - BT X S, AR
BRICED TV S, RERDEEEC EH-> TWisn, 5
LNBRTEERR (EHLR) &, RBEREYI 2R
s Ao s/ AR A S « BEHAER
T EnMifFansg. EHE OAEERTIE, AR
BB L OREGROEHE () FErzhZTh 55~
75% TR, 20%~40% 2% (% 3) &, REHESEMOH
HBIOREAKRDE — FHEFST 5.
RO v 5 vAEKBHERS T 7 58I, AK-
13 &, AK9/75 AK-1 ¥ TDEH9ETH 5. A

INZNZNZNZ NN/ 1 N/ NZNZNININININ
SO plagioclase 4023 3OO

NN 7NN /NN 7NN 7N 7NN 7N 7N 7N 7N 7N

ININISINISINIA04230325030323032303 287

R A A A A A A A A AP
[ RVEN WEWAN S EWAN

RPRY

NI I T I
ROIOIOIOIOIOIOIOIOIE: X DIOII IO IO IO
NZNZNZNZNZNZNININININININININININININININING

K 5. FrEREER &AL 2 kKik ks a5
LU AK-6 ® € — FfHRK. opx: #IAHEA, cpx:
G, ol: 1V 5 v, opq: ABERATLY).

Fig. 5. Modal compositions of the Katakurazawa
lava flow, Hokubu second pyroclastic cone and
AK-6 tephra. opx : orthopyroxene, cpx :
clinopyroxene, ol: olivine, opq: opaque minerals.

6. IR & A 7o LR RO H ) D WA D AR AR
Fig. 6. Chemical compositions of the phenocrystic
of the

pyroxenes in the selected samples
eruptives composing volcanic edifices.
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W

TN 7N 7N 7N IN 7N TN I8N INININ N ININ ININININ ININ N AN 7

SO plagioclase (0287333038

N
NN

KD1

PN7N 78S 7N 7N 7S 7N 7N 7N 7 787N
RESENININININE I eININ304237
AR A A A A A AR S A A

N

7. INEF—EETR &/ MNERBED KRGS G
O E— Nk, B8535 EFEC.

Fig. 7. Modal compositions of the Kodake first lava
flow and the Kodake-Ohyakisuna pyroclastics.
Abbreviations refer to those in Fig. 5.

%3 77750%F— Fik
Table 3. Modal compositions of the tephra.

tephrajsample| pl opx cpx ol gm

AK-13| s-sc 72 4 6 2 116
|_K1p) 55 .2 3. 1139
AK-12| sclpu| 66 8 3 0 123

64 3 4 0 129

AK-9| sclpu | 62 12 4 0 122
________________ 46 5 __ 6 _2 141
AK-8| sclpu| 46 1 2 0 151
|_H2P) | 40 __6 __6 1 147
|_AK-7| s-sc | 68 _9 6 _1 1l6
AK-6| sc/lpu| 74 10 1 4 111
________________ 69 __8 3 .3 117
AK-3.5| sc 64 10 4 2 120
________________ 61 __8 __7 2 122
AK-3| s-sc 48 3 5 2 142
________________ 48 4 4 2 142
AK-2| sc 67 0 2 3 128
________________ 60__0 __1 5 134
AK-1| sc 48 2 3 2 145

KIP I3 AK-13 thoE 2 2 ) 7JE, H2P 13 AK-
o2 a ) 7 « BAEERT. ssc: WEHZ Y
7, sc: A3 Y7, pu: &fy, s-ash: WEKILIK
RO« M, 1997 Z51HD. ik O FEA I3 A X
KI1P and H2P indicate the sandy scoria layer of
the AK-13 and mixed pumice/scoria layers of the
AK-8, respectively. s-sc: sandy scoria, sc: scoria,
pu: pumice, s-ash: scoriaceous ash (referred from
Wachi et al., 1997). Detailed analytical method
is shown in the text.

a)AK-8

En

8. SEIRANIF 7 FhDME LK.
a)~d) oA IEFNhZEh KK, HO4, HII,
KDP th o ki 29 (K6 2).

Fig. 8. Chemical compositions of the phenocrystic

pyroxenes in the selected samples of the tephras.
Enveloped areas in the a) to d) indicate the
concurring phenocrystic compositions in the KK,
HOA4, HI1, and KDP, respectively (see Fig. 6).
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EHRHEAORILICEAE R ENED 515 D 1F AK-10
& AK-7, AK-6 T, AK-10 TIZHENES, %2 & TEA
G, FhEnsifd 2. AK2 i3RI AR
EH o,

F 7o, RS O SREBEE & [FRE,  AK-8 (H2
P), AK-3.5, AK-3, AK-2, AK-1 L& FN B HEHKDTE
PRE IR OM A B L 7. AK-8, AK-3.5, AK-3
WOV & RS, AK-2 TldA v 5 v,
AK-1 TRYBHELZ ZNZ NS5 L. AK-8 T3,
HAHE G D Wo=37~39%, En=41~43%, H&EGLT
13 Wo=3.8%, En=63~64% lcch<ThERh LA (X8
a). AK-3.51Cl3, HAiGD Wo=39~41%, En=40~
46%, *1z, #IHHEGIE Wo=3.1~3.4%, En=58.5~
60% T®H - 72 (X 8b). AK-3 HOHEWHES 1 Wo=36~
40%, En=42~43% PR¥% LD, DInN5s, Wo
=43%, En=46% O, Mg ICgUHFbED N (K
8c). HAFd ZRITHEA D Wo 13 3.6~4% 1< L, En
13 61~73% OFFHEZE» 2 (K 8c). AK2HDH v
VED Mgt 13 78.4~79.3 TH 5. AK-1 0 HEHEL
13 Wo=37~44.5%, En=425~48% D&% 5 %
(X 8d).

7. @RFLFHERK

AR OB FERTLER S, @ O KGR & [ERE
Th o, EftEZEZERICIREL T v 7 2RRKITR
L, @ERkes wRsSE5. COWuRTF oy 7E, X
7Y L RAKTHRWIE, ST RT v =N FEY

% 4. XRF 55,
Table 4. Accuracy and precision of the XRF analysis.
accuracy precision
(Wt %)| 2" (Creas-Crv)’/ (N-2) |SD(10 analyses)
Si0, 0.521 0.029
TiO, 0.012 0.003
AlLO;, 0.211 0.05
FeO* 0.138 0.007
MnO 0.003 0.001
MgO 0.073 0.026
CaO 0.068 0.007
Na,0 0.056 0.043
KO 0.023 0.004
P,0; 0.005 0.002
data:|Togari (1997,MS ) Saito (2002,MS)

T— 2, S (1997, MS), FERBE (2002, MS).
Data are from Togari (1997, MS) and Saito
(2002, MS).

K=V I IVTHREL 7.

—H, F7ICo0T, &L ERY kR
LT B0, UTOX S ICHEILEL T/, 77
TR E L - — I AN T L, BWEREECAIEE
%, WEPEGIE A ETHRKRS, Hic, ZEEKEH
WIS A R 0K, RRIR%, EEBE T,
7 7 SR oty S JEU LR BN 2w bR kT
5. T9HLT, ARERHL 23k S, otk
FERELENTE . BPHER, SAF v 7 EREET
»H5.

EAMAERENE, 27 boxvh (UEUEE) FY
L) L1 100&ERITREAL, #5R2E—-FELEE
T, RS E O RIGAKU3270 BUAE X HA e
WhEm L, EESEo, HESHE ISR 5 IERER,
BLOFE—HR O 0K LNESREEE 4 1R, D
W LUEEMWNES <, [AEoERME T, FHKEE
Wk, EHEECRIAETE 5 2 LAV 5.

7-1 AEERLAERY

A OB E, vy T A FZH A

B AZ
¥V KA
& HO1
2 KK
& HO3
0O ON

|} AZ
L] V4
KA% ﬁv O HO2
KK |AKE
Hl1
o D

calc-alkaline -
[
(1]
LT ]
Hi2'RE BN
v [}

N OD
O HOA4
® HN
m HI2
H Ml
A ME
4 KD1
+ KD2
e KO
[m] x KDP
v MN

SiO2 wt%

[42]

tholeiitic

Il I 1

3.0 4.0
FeO*/MgO

B 9. FKHEY - Fkil, AV 5 B O 25
FeO*/MgO-Si0O, [X. M5 (3X 4 &[E L. FHE
DR 1 ZALE LA DI .

Fig. 9. Whole rock FeO*/MgO vs. SiO, for the
eruptives at the post-caldera stage of the
Akita-Komagatake
refer to those in Fig. 4.

volcano. Abbreviations
Italic characters imply

the eruptives of the northern volcanic edifice.
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Miyashiro, 1974) 7> Gill (1981) 12 & 3 low-K 51D
HOVERTZ (X9, 10). ME—, JLEE 4 KO A
7%, Medium-K DA V7 7vh ) ZHLIIETH B, i
A AR S TR, FAERKEB LU AR
JiaEwRN LI, £, ERE1-H2B8LOE3 K
Webe, BEmER, FEREER, B X OHEEk
3, LGB ERT (X 10a). BV Tovs ) RAT
b B 4 KFEEIE, B o Sio, BEEd 2 AEK
Pei o A aEdtasimic N, FeO*, TiO, B & U Na,O
HIFEL, Mgo EAE W (10, b-d). b DOFHE
13, HALHAIMEILICB 2 v T A N, Hvs T
7)) RANE ORI & 34 %5 (B2 1E Kawano et
al., 1961; Fujinawa, 1988).

F7o, BHEE HEELOEM L, FAaREEHR
EJLRES 2 KB & 13, 2k b, 1ZIEERICER 5.
EPD70—2 =y oS BLERSRT, HHKIE
bRV, FEEKOBTOMES 7a—2=y T
13, _EALICIAA O FeO*/MgO fiti D _FSE[AI A58 & 1
7o (G&5).

72 EEERILAHER)
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Fig. 10. Whole rock silica variation diagrams for
the eruptives at the post-caldera stage. Symbols

are same as those in Fig. 9.
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Lo JjIa 459
Table 5. Relationship between flow sequence and whole-rock compositional variation among the Onamedake
lava flow at the rim of the Katakuradake crater. Arrows show the ascending order of stratigraphy.
SHEBEMON)  [Sample No| SiO, TO, ALO; FeO* MnO MgO CaO NaO KO PO, | Total | FeO*/MgO
Lfirupper sequence) | 01081901 | 51.78 0.83 19.53 10.19 025 3.66 10.90 244 030 0.11| 100 2.78
t 01081902 | 52.59 0.84 20.03 875 017 371 11.10 240 031 0.1} 100 2.36
T 01081903 | 52.83 0.82 19.03 9.14 0.18 4.45 1079 241 025 0.09| 100 2.05
1 01081904 | 53.17 0.80 1886 896 0.18 436 1086 241 031 0.10| 100 2.05
T 01081905 | 52.75 0.78 1860 9.02 0.18 501 1099 232 027 0.09| 100 1.80
# 6. AK9, AK-6 77 FENICHAFT 523 ) 7 « OB L ORAHEOSET AR RAHIIRE

& v 450, HIEICHH L7

Table 6. Whole sample major element chemical compositions of the scoria, pumice and mixtures in the AK-9
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and AK-6. As for the mixtures, four fractions sifted in size were separately analyzed.
Air-fall tephra nature/size Si0, TO, ALO; FeO* MnO MgO CaO NaO KO PO;| total | FeO*/MgO
black scoria | 54.30 1.10 16.89 11.63 022 4.18 874 254 029 0.10 100 2.78
AK-9 brown pumice | 48.27 148 2293 1511 027 362 671 137 012 0.11 100 4.18
" mixtureof | 4mm< | 5291 122 1848 1244 023 369 850 220 023 011 | 100 | 337
pumice 2~4mm 5248 121 1878 1248 0.23 384 851 214 024 0.10 100 3.25
and 1~2mm 5171 119 1880 1270 0.23 443 869 194 020 0.09 100 2.87
scoria <lmm 5048 1.06 19.37 1229 024 519 939 175 0.16 0.07 100 237
black scoria | 51.58 0.70 20.39 849 0.16 551 11.19 170 0.20 0.09 100 1.54
AK-6 brown pumice| 45.67 098 26.77 11.60 0.15 564 812 091 006 0.11 | 100 2.06
" mixtureof | 4mm< | 4997 084 2186 989 017 548 9.8 164 017 010 | 100 | 180
pumice 2~4mm 4965 0.81 2238 955 0.16 547 1016 156 0.16 0.10 100 1.75
and 1~2mm 5039 073 21.06 911 016 611 1050 1.69 0.18 0.09 100 149
scoria <lmm 5090 071 1897 950 020 735 1037 172 019 0.09 100 1.29
O, MEOHM T KT 5. —F, Imm KmD 7 LIS TIEE 1 &L S Ok eorEE S, BB, &

57 va v EFERICEREZMEKERL, 1~2mm D7
57 va vidlEORE, P77 va vkDo
HERKEGET 5 Ebns.

B2 ) 7, AR ORTEE Y LT A b
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i AK-7 3RO SHRML A3 ) 7, BhTh
ZFNofEAk, AK-13, AK-10, AK-3.5, AK-3~1 (X2
) 7 BB O E S A ER L .
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53% FRE D LA & Si0, & 56% F2fE 0 L a B2 ls
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1.
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Fig. 11.
indicate the compositional variation ranges for the representative eruptives composing volcanic edifices.

Whole sample FeO*/MgO vs. SiO, for the tephra erupted at the post-caldera stage. Enveloped areas

Dashed lines indicate the mixing lines between the coexisting scoria, pumice and mixtures within a single
tephra layers AK-9 and AK-6, respectively.



FREHED » fE kI, AV T 5 BT 3B 0 B AR KRR ) LB T 7 7 7 g oXft 349

(%)
1.0 a)Kz0
0.8
0.6
AK-1 —-AK-3
0.4} fozekr \X ':%nﬁgg 5B
AK-6 5CONIy Wcoria A
0.2 misture . 43 e
pumice .78 7 MEKD2Z L N
ool M L
4
b) Naz0
3t
ME
| KD2
2 ) 22X\ WO 8 KY
ler:fe’.(;-A'Kré ~
‘ 2= 8 PKbscoia
pumice "
1 p P
+7, " N L L PR L PR " L n L AL
45 50 55 sio wty% 60
1.5 X<
L pumice ~ .
.. c) TiO2
mi;&eg\ o A
I AKscoridBg@  AKp W
1.0 o AAKJI'E%‘]""' B
e g o SRy ve B OAKQT
mixturé -4, \ ME Hil
A O M
AK_6SCOHG
0.5 N R I S S —
X ~
wl e~ d) FeO*
Tt AK9
e k-
10}
6
8
e PG K g
a4} X q:--ﬂg‘g"‘géﬁa 8
pumice  AK-9 mxture. @
ol
45 50 55 sio2wt% 60

X 12, %A VT S MM T 7 5 04 Si0, £k
. PHA, B, 08513 11 &E .

Fig. 12. Whole sample silica variation diagrams for
the tephra erupted at the post-caldera stage.
Envelops, dashed lines and abbreviations are
same as those in Fig. 11.
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Fig. 13. Modal compositions for the pairs of
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layers. Abbreviations refer to those in Fig. 5.
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Subdivision of formative history in the post-caldera stage.
Abbreviations are same as those in Fig. 4, and AK-1 to AK-13 are the names of tephra layers

%=X 4 &[E LT, AK-1~AK-13

Numbers at the top show the assumed order



FREHED » fEKIL, AV 7 5 FEEIIC 3 0 B AR KA B T 7 7 7 @ oXft 353

gp. tephra eventsinthe edifice substage
y-B.F. in Fig.15
0 MN (LF)
l AK-1<—> KDP (PC)
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(KX,

Fig. 16. Eruption history in the post-caldera stage.
Abbreviations are same as those in Fig. 4. AK-1
to AK-13 excluding AK-3.5 were quoted from
Wachi et al. (1997). The AK-3.5 was tentatively
named in this study (see text).

T&T.

AR S s S A E OB I LI T o b Tdh %
(X 16). FHADKBIUE 7 ) = — KA FEE L T Ok
13,000~11,000 £EFJEEIC %, [MHTEZ OB EAERTH -
7z LBRT X %, #910,000 FERiTH S 7,000 FEHTE TO B
&£ % 3,000 BRI, JEEBHUsi Y LT A NE< 2 <iED)
DML L, 52D KHEEAHK W TIER S vz, 3,000
FEORIEA BT, 4,000 FRTEIC LA TR ES
IFFRSERIOIE C v, T OEBE, Ao Tovs )R
G =ickh 6 oHD JLEE 4) KPkEIERE N
2. 2,500 FERIED S FEEHIKD v v 7 A4 b < 7 < iEH)
DB 5. G VT S TR -7, BLE
1,500 4Ef, HEHIHCME, v T S IEERICBEEI L TV
IR T s R~ by R ) RIEKERED KL,
LREEOHEETHEMN - T, WEB X NEDIEKS
ni.

Eil *

AR AT I ITH D, RIAFIREE, HUISEE
iz, S (BE, AR, o0
WCEFRFHEILEI O LHERE BEIZ ChRD 1,
ZLOEWRKECHMEEE - 7. £/, [kl fREEYM O
RRIA— K & 2 ZOEA RS O H I EERE O Ao
WTHEYIS 3 2 v kR0 W, T ITEL RS L
¥

51 A X m

Basaltic Volcanism Study Project (1981) Island arc basalts.
In Basaltic volcanism on the terrestrial planets, 193-213.

THEKR (1996) ‘& FERHE » ERILEIC M 2T
7 78, FIHCERIEE—HAD T 7 7, 150.

THER < NI EEHER] - RAHEZ (1983) ET1LEE MR
BA - ERERO *CHFER. —aF Xl e <
HicBdid 2 HEEYI O M CHER (2D D—. EFRIL
EYIEERTIEERE, no 1, 29-34.

Fujinawa, A. (1988) Tholeiitic and calc-alkaline magma
series at Adatara volcano, northeast Japan: 1. Geochem-
ical constraints on their origin. Lithos, 22, 135-158.

FRIBEATE « PRIEKER « MEHITES] (2001) ZHERERKILO
K-Ar R ZHERBKINEBSE O PGS, KL, 46,
95-106.

TREFIELRE « /IATTR (1997) BRI OREACE. kil 42,
195-212.

Gill, J.B. (1981) Orogenic andesites and plate tectonics.
Springer, Berlin, 390 pp.

F Eyanh (1978) FRHSY o KL 0 1 C AERL IRk
Rl 32, 221-223

Inoue, K. (1980) Stratigraphy, distribution, mineralogy
and geochemistry of late Quaternary tephras erupted
from tne Akita-Komagatake volcano, notheastern Japan.
Soil Sci. Plant. Nutr., 26, 42-61.

B 2 (1976) ATFILHBOKILIKE. HAMEE 2
FHatE, no 11, 130-131.

Itaya, T., Nagao, K., Nishido, H. and Ogata, K. (1984)
K-Ar age determination of late Pleistocene volcanic
rocks. J. Geol. Soc. Japan, 90, 899-909.

Kawano, Y., Yagi, K. and Aoki, K-I. (1961) Petrography
and petrochemistry of the volcanic rocks of Quaternary
volcanoes of northeastern Japan. Sci. Rep. Tohoku Uniy.,
Ser. III, 7, 1-46.

Miyashiro, A. (1974) Volcanic rock series in island arcs
and continental margins. Am. J. Sci., 274, 321-355.

AR « G « BB - 2l 70 - L &
(1963) Jb BJI_Fifiin R 0 SBIa% s L O, R,
69, 163-171.

KR EFR « $HEK (1978) JLEfib B O —H
PR DI 12D W T ST RF LS, 31,
63-79.

REME « WREET « BHER (1980) JLEfAL R
DEEFT—EFMEOEFIc> 0T (2D 2). HFRE
LBk, 33, 57-67



354 FRAENAEE « Bier b « AHAT -

INBCIF « SERRIE— (1971) FKHIBA » & 1970-71 FFOE
KIS 1 WEOIEE) Sa it ki, 16, 122-134.

PEREIAT- (2002) EFEKIBHCBI B2 AV T A ) <
7= ORBSZEAL. R FERF R TR E L
X (FFd), 65pp.

AL ZER (1903) AT KILFVE A, KT
JHEZ, no 44, 1-62.

HEFEUL (1971) FRHEY » i 1970 fEOME K &5 4. HIFH
H¥f, 22, 647-653.

EEHEF (1994) /SLEHIKILoEE . ki, 39,
13-24.

ARE K e AHRE (1987) OB OME. s
WFFEERs (5 Ty o | frEXINE), HVE AT, 142p.

JHRE 1% (1982) FRKHIBY o 1, AELRINKIER O M C AR,
Xili, 27, 70-71.

JHE 7K - FHEREE = g 7K (1990) il iR
5, FLEA « SAa kLIS EY O K-Ar 40 HiFE A,
41, 395-404.

Weh o BEEE - EH " 1971 HE s E
197071 4E O I K IE T O £ 2. 1970-71 FIE K D %
&, ki, 16, 112-121.

S - SH Ik - RS ES « 5% - s
Floe ZEpR BA - FRET - mEfE A (1988) HEL

REERHSE « FOA0 W« ARIEAED

VKIS O K-Ar B8 B3R 62 FERIHFE R & 1
FRER RS, 1-43.

ASFHSD (1997) BT AL OHIBRESIIRIZE. SR
RFBEEE TR AHE R (F65D), 51pp.

HAHHES « BRARERT - 89ANE (1991) /CLEHIL
KL DG 22,000 RIS, ki, 36, 345-356.

FEAFERES « $K16— (1998) =T B8 7000 A DI
K okil, 43, 149-166.

MEHZEE] « MRIERER « f£ HEME (1999) BRILAAR, R7&
=i, g KO =3 « FEilrkiho K-Ar 4R ki,
44, 217-222.

o Bl 2HER - By F (1997) KHEY » EO 5
7 5@ LMEKGEED. kil 42, 17-34.

JURMBE= (1971) FRHEY » EOR O 25 1. FKHE » D
&g, kil 16, 80-89.

JURMBE= « FEF = (1971) KA » K LOHIE &5
f. FEEWFT [RKHEE » FErE K o KL )
&, 14-32.

LFEEAL « /NE O o FEAREERE (1997) HEREY) & dEd
S & Rk 1783 2 77 ) = =2k ki,
42, 281-297.

R HEEIE—)



