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Eruptive History at Chokai Volcano during the Last 4000 Years:

Implication from Ash Layers Preserved in Peat Soil

>k . >k
Tsukasa OHBA™, Shintaro Havasni' , Masao BANi, Azusa KoNpO ™,

Takahiro KuzuMaki™ §, Shingo Suzukr™** and Kumiko FURUKI

*, 1T

A series of volcanic ash layers preserved in peat soil at an isolated bog (Oda bog) on the flank of Chokai volcano

was examined to determine frequency and eruption types during the last 4,500 years. A total of 54 ash layers overlies the
peat soil of which calibrated age is ca. 4500 cal yrs BP (the AMS age is ca. 4,000 years), implying that the frequency of
explosive eruption is higher than once every 83 years. The layer of pale-yellow fine ash derived from afar was compared

in terms of glass composition and age with Holocene widespread tephras around middle to south Tohoku, and To-b

(Towada-b tephra) is consequently the most plausible candidate for correlation with the ash. Hydrothermally-altered

lithic fragments and blocky- and irregular-shaped juvenile fragments coexist in most ash layers, implying that

phreatomagmatic eruption is dominant at Chokai. Wide variety of proportion of juvenile to altered ash grains

demonstrates the wide spectrum of eruption types from magma-dominant to hydrothermal-dominant types. Juvenile

fragments in individual ash layers show a wide compositional range from basaltic andesite to rhyolite (SiO2= 55-75 %).

These data suggest that batches of compositionally heterogeneous magma repeatedly uprise and interact with
subvolcanic hydrothermal system in various degrees, producing a wide variety of eruption styles.
Key words : Chokai volcano, ash components, AMS age, peat soil, phreatomagmatic eruption
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Maps showing the locations of (a) Chokai, (b) Oda bog (drawn by Kashimir 3D with Fundamental Geospatial Data

(DEM) provided by Geospatial Information Authority of Japan), and (c) the studied outcrops (1:10000 Volcanic Base
Map Chokai San by Geospatial Information Authority of Japan).
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Fig. 2. Stratigraphic columns and correlation of ash layers at Oda bog. Results of the "*C dates on the left of the Oda A
column are fully described in Table 1. Solid lines represent confident correlations of distinct ash layers. Dashed lines are
correlation lines for other layers. Column width of each ash layer roughly indicates relative grain-size.
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Table 1. AMS 'C ages for organic soil samples from Oda-A.

Sample ID Stratigraphic 81C (%0) 14C age (yrBP) ' Calendar age* Laboratory
position*
ODA-A2 2 282 63030  1287calAD — 1399calAD (95.4) Beta
ODA-A4.5 9 -26.6 1330£20 650calAD — 712calAD (83.4) TIAA
746¢calAD — 767calAD (12.0)
ODA-A5 12 -28.1 156030 424calAD - 565calAD (95.4) Beta
ODA-A6 13 -26.3 1940%30 8calAD — 11calAD (0.7) IAA
17calAD - 127calAD (94.7)
ODA-A20 31 -26.2 292030  1256calBC — 1237calBC (3.7) IAA
1215calBC — 1017calBC (91.7)
ODA-A32 51 227.0 399040  2621calBC — 2451calBC (91.5) Beta

2445¢alBC — 2451calBC (0.4)
2420calBC — 2405¢calBC (1.3)
2378¢alBC — 2350calBC (2.2)

*: Numbers of ash layers overlying the sampled soil.
T : All errors are 1-sigma of standard deviation.

I : The ages are based on 2-sigma of standard deviations. Numbers in parentheses are probability values (%).
§ : IAA is Institute of Accelerator Analytical Ltd. Beta is Beta Analytical Inc.

ZAbNb, LL, BIE—E0RESTHEI13E, T §
12 BAVKFACE 2> CTBY, HIFZRT L - 7o
RobN, ZOMEIEHERAKIE L CwizkEZS
N5, F72, #HIHA RO 5N LR EE KK #ERE O
W ok (8516, 18, 19, 20 &), fHIH B TIEEET
X, WIBTAEHEIEI XTrREETHY, BET
MRS 70 R RN RG0S 72 B VR DM B LK
AHUBAE E RS I L, e LTI ST n
THEMED S 5 .

4. HEERFER

BIH A XD IRECL 72 1350k 6 o BUR I R AR
WA To 72 KIWKEETOTELRRLCB Y,
TEAEANLE L O KIKOHERAERIEN D D EFEZ bR
% (Okuno et al., 1997). 3 #EHI DWW TIEFRRSH N
LROATIRZERT ICHIE 2R L 72 Bl 3 Bz DWW T
&, MRS ERE I FE AT ICMKHE L, 152 1 Beta
Analytical Inc. |2 CATH L7z, BRI X 5 RIALEE A T D,
T AT A E =T (AMS) 12 & D llES T bR
7z, MC AR D HIZ I Libby 02 5568 4E 43 T
Eh, BCIC X MG IHIELTHbN T 5.
1950 45 % JLie & L Coll 2 M % Y C £ (yrBP) &
T2, HIERKEE Table 1 1ZRT. FHIZIE, BOEHEE

T — %4 v I IntCal09 (Reimer ef al., 2009) & Fv>, HXIE
7' %7 2 OxCal4.1(Bronk Ramsey, 2009) % i ] L #%1E
L 7R AR 2 LT

#J 4,000yrBP 7* & 630yrBP O 4F AL 4 R A S L
@ L A TH D, Fig 2 1213MC ERMER R LR
LTwa. #HiZH (2000) IEHH B o ik 2 5 2,
290 * 50yrBP DUC AERBEMZ B TH Y, AWFTeHE 5
LIEFRMTH 5 (Fig. 2). HHA DK 12/F L6 13 8
DHFERDOF Z 139 400 £ TH 5%, HOTHEREEILbHT
M 5mm THbH. ORI, FIECOHFETIIHES
CHEREARIE F 7203 & v ) BN % 454 5.

5. RIUIRBIFOERFHEFE

5-1 EABEHSHE

A O 1 E~4 51 k8 XD KUK % FREL
7o, BRI E TE2 SR 7238 (BB 26 8, &
27 R, 31 18), BIEAMINIZHE s a2 RINL T
WZWE (55258, 53058, 5355 AhD, RIGL
BHIE 50 TH D, TN OHEHI DV TR T D %R
SAMBIBIER AT 72 B R KB L, #ig Lotk A
££0.2~0.4mm E5 1OV T ERBIMEER % 7 7.
HHA O 15 (HIHB O 17 ), RKEEIRhi X
UKD, A KRG & 3 K LR T O A



70 K

Fig. 3.
ash grain, (b): black blocky ash grain, (c): colour-
less lucid fibrous ash grain, (d): colourless lucid

SEM images of ash grains. (a): black irregular

platy ash grains, (e): colorless lucid irregular ash
grain, (f): altered lithic fragment (blocky with
unclear edges). The white scale bar in the lower
right of each image is 100 micrometres long.
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Fig. 4. Proportions of ash components in representative samples from Oda A. Mineral grains are excluded. The numbers of
ash layers are labeled on the left to the bars. The 26th ash layer appears twice in the graph because the layer consists of

upper dark sandy ash and lower grey ash.
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Fig. 5. The SiO; vs. K,O (Field boundaries after Le

Maitre, 2001) and SiO, vs. Na,O +K,0 diagrams
showing ash grain compositions from the 7th, 14th,
17th, 27th, and 31st layers of Oda A, and glass
compositions of the 15th layer (pale-yellow fine
ash). Compositions of altered lithic fragments and
mineral grains are excluded from the diagram.
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Twb (i34, 2000). LA L To-a DEM (FHE 915
) LARWIZED AMS FERMIERS R I TET 5. Xl
JKIE1E 1,940 = 30 yrBP DMC HEAMEAE S N7zt X
Db 2B THY (Fig. 2), #2000 £ O KK TH
LEEZLNDL, FIT, KT T ADILFHBGHT %
2, ZOKILKORIFIZOW TG T 5

N7 7 T ORI A R % TiO, vs. Ko0 M E (A -
MTEH, 2006) (ZiE#E AR ALK O GHTREER (2 2Tl
HH A% 15 BOSH#R) 2R3 (Fig. 6). KD/
O, B O AHEE  ~ B R L e Hiie T 7 9 [+
HIH a (To-a) (FHAK - HTH, 2006), +HIH b (To-b) (AF -
B, 1999), +AHIHHIR (To-Cu) (FA - BT, 2006),
BRI (Nm-NM) (#AR1T A, 2004; #3E, 2010),
H LN (B-Tm) (FAR - HTH, 2006), %=V {HH#
R (Hr-FP)(Suzuki and Nakada, 2007)] O#l% 710 v k
L7z, Fig. 6 \ZIZHIH A O 1 ~4531 kg (55 15 g DL
L) WIS E N ARSI T A D SEM-EDX 44T
il 7ay b L7z, ZREOFEZ KK T 5, K
b SiOLICE T b O (Fig. 5 127R L7255 15 B LAt oRU%ZE
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Fig. 6. K,O vs. TiO, diagram depicting the composi-
tional range of glass shards of the pale yellow fine
ash (the 15th layer) from Oda A with those of the
Holocene widespread tephras (younger than 6ka)
around middle-south Tohoku (Aoki and Machida,
2006; Kuri and Kurita, 1999; Suzuki and Nakada,
2007; Suzuki et al., 2004; Sawai, 2010) and rhyolite
glass from other layers at Oda A.
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ALK EAEIBRIC S 72 B — 2L B AR L
@777m&u%&0®@ﬁ#%0(mzummm
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BOTKIIRKL T 257 5. 20720, TERED S I3
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LA L, He-FP 23 & Tz vwEshEn (ITH - ¥t
2003) DVARBIZE L EEN TV A28, Hr-FP O FENE
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WBEARBOREZPETHICIEE > TV, 1T, B
5 B E KL O IEHER Y I S AGIEAH O 2ka ©
T INWMESNTBY (EFIEIP, 2010), P CTHET
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JRIZ 54 T8I 5. B R E KILKE O E R L 72
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ILKW&K)%ﬁ L 72K ARIE R 04134 73
FETH5D.
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I MO KINKEIL 2 BORTEDS, ZLEDRL &
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5E L 72 RERAHEE & I C IR ORI AT E O E R W
PEAHTH L. 2 TlE, BEABEEIE 83121 &

DLEVEHwROTHNG.

KIWKBH O T HEEORE S ESLDONWTWAEZ b
RIFARIZIZIZ D E A H D ENHEREND. £
WEME (BIE L 22 4ER) & HEBoE S0 g
HERETREE A S HEE L 720825 4500 E B oKIEIRIE, #59
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- REMEAS D A (B, 2001). 2011 47 (4 H 58 I B LA
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MENIBIE S N T (IIEE KRS A, 2011). L
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T A NKIIKRLF, SERLF) & SR & 0 HER
N5, HilE KILIKR T O TERED 6 7RI S 315 AL
RTTKELGEKTH L. 70y ZRKINPEK T & A
L — R 72 FMh & FE O ERAL T34 T O KILIKE H TR
TELTHEY, ZOREIYFE L Wohletz (1983)12 & %
FCI FEBfE S & REGARIBIE L L —53 2. Lrilo
5N D EIROAREIALT b Wohletz (1983) 12 & % %S -
EBR L =T 5. IR ERE L CEBEAIHR
b4 2 B IR D KK AR S 5 & S 4 (Biittner et
al., 1999; Austin-Erickson ef al., 2008), A& F L AR
KIKRLA b = 7~ IR EUG DY & % 2 THIEIZ R\,
— RN~ 7 KRR W X SR IR A, B
12, RO EETAHKBOERIZE L & S5 (Wohletz
and Heiken, 1991). ARBF7ED KIKIZ BB SR T- & LT

B EEROK - SREAE - RS

HEOBOREEAHROM T 2% &, 20X ) RE
AR TG KA OERIZISE T 2 BUKRICHE L (K
Y, 2011), KIMERTHOBKRE IR LT~ I~
IRIELIE KA L 72 L RIRT & 5.

PR T & B AR T ORI TH D, ©
DERMIT~ 7~ L BURRDEGRPEKT L ICRL D
CERRAT 27259 . R TR IIR ISR B S
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B, BH LY 7 b T Ths L TEL. —
H, R RO LRI ZH ) LIRS A, AR
FIZZLWI ehb, BKRROFEINSVEEZEZ LR
L. LhL, PhnelodBEERT &L LR,
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WK IK L~ 7~ BRI ) Cld e < ~ 7~ KRR
KW TH 2 LHIWTE 5. IROAUIRKIZE TSR T
EFENIRAL T2 & b 128 E A, e E IR
LR E KO RN 7~ 7 < -BOK RO 53T
bol-bBEZOND. BHEER T LKL F O
RPN TH S (Fig. 4) 2 &b, v r~<k
BUKROEGRIGEBINELL T D L) TH L. &
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HEEK IR & T AR D ARY b T4 Ea
B ELL T D E BT ENTE S,

BRI O KRR 2 F A2~ 7 < BRI A (1
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OEBIRER O 2L 5, FOE4F BE G A LB 25 < 4
DO % 7L T E % (4500~4000 4FEHi, 3800~2800 4F
B, 2300~1700 4EH7, 1400~1000 4EHT). WA AMHTES
B IHE 2R N~ 7 BRI ) R S b ¥
BWE. 7272 LB L BB 2300 4EHT~1700 SE RO
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AERT) & BRI SRR < R (2200~2100 4FHT) 25~
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Fig. 7. The diagram showing the eruptive history of
Chokai from 3000 cal BC until 1500 cal AD in terms
of eruption types.
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