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Eruption History of Oakan Volcano, Eastern Hokkaido, Japan

*, *

Jun-ichi TaMADA™** and Mitsuhiro NAKAGAWA

Oakan volcano is one of the post-caldera volcanoes of Akan caldera, and its eruptive history has not yet been
clarified well. In order to reveal the structure of volcanic edifice and eruptive history with possible age data, we
carry out not only geological survey but also tephrochronological study around the volcano. We identify 10
tephra units, nine of which are wide-spread tephras from other volcanoes in Hokkaido and Baitoushan volcano.
Only one tehpra unit (Oafa) from Oakan volcano has been recognized, but the other nine tephras can be used as
good time markers for understanding the activity of the Oakan volcano.

The volcanic activity can be divided into two main stages: the early stage (E stage) and late one (L stage).
Although most of the edifice of the E stage is covered by eruptive materials of the L stage, several lava flows are
distributed on the southern flank. After the formation of the edifice, sector collapse of its southern part occurred
and formed a debris avalanche deposit on the flank. The edifice and the debris avalanche deposit of the E stage
is covered by Meakan tephra (NaPS: ca. 1.3ka), which indicates that the activity of the E stage had terminated
before 1.3ka. After a certain period of dormancy, the activity of the L stage started, which can be divided into
two sub-stages: L-1 and L-2. During the L-1 stage, lava effused from four crater areas, and the Futatsudake cone
was formed at one of these areas. Based on petrological features of these lavas, the L-1 stage could be divided
into L-1-1 and L-1-2 groups. Oafa tephra layer recognized at the flank was derived from the cone (L-1-2) judging
from its isopach and isopleth maps, and also from its petrological features. The tephra layer is sandwitched
between Ma-f (ca. 6.6ka) and Ta-c2 (ca. 2.5ka) tephras. Considering thickness of soils between Oafa and these
two layers, we estimate that eruption age of Oafa is about Ska. Although Oafa can be correlated with the activity
of L-1-2 group, it seems that the activity of L-stage began around 5ka, because there existed no obvious time
interval between L-1-1 and L-1-2 groups. Thus, the dormancy period between the early and late stages can be
estimated to be about 8000 years. In the L-2 stage, eruption centers moved northeast to construct the summit
(Oakandake) pyroclastic cone, in which four craters were formed. At the same time, lava flows repeatedly
effused from the cone to widely cover the north to southeast flank. Based on the location of eruption centers and
the time sequence of these lava flows, the activity of L-2 stage can be divided into four groups: L-2-1 to L-2-4.
The youngest crater at the summit cone of L-2 stage was formed before 1ka, because it is covered by Ma-b tephra
(ca. 1.0ka). This suggests that the latest magmatic activity of L-2 stage occurred before 1ka. Although no
eruptive activity was recorded, weak fumaloe activity at the north crater on the mid flank was reported. Our
study reveals frequent eruptions of Oakan volcano during Holocene, and suggests that the volcano must be
considered as an active volcano.
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Fig. 1.
Mashu (Msh).

map of central area of Akan caldera.
lines are 50 m intervals.

144°05’

The extent of figure (b) is shown by the arrow and square.
Triangles represent post Akan caldera volcanoes in this area.
Lakes are also shown by shaded pattern.

144°10’

(a) Map showing the locality of three calderas in eastern Hokkaido: Akan (Akn), Kutcharo (Ktc) and

(b) Generalized topographic
Contour
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1988), LL{AILMEI D= =Y 800 m Hiss T 13559 75 B AUE
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FERDH L WAREEDsd 5. L Lsss s, FIH (1988)
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Fig. 2.
localities of craters are shown.

Geomorphological map of Oakan volcano.

Surface structure, characteristic volcanic topography, and
Contour lines indicated by thin lines are 50 m intervals.
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RO X 2,000 A Y R PLEA T Y N L. ST
ARSI DB I 3 FT sk e B A, Fl—3 K

MICEE ORI 2H50IFT 2 bold, BEHS%ET
XBEINBILT, ThENZBiLi. BAREOE
N 2g ZHA 5 bOERFIT L 2 1HmRL, 2g s
PO DIF 1 10 ICH/R LTS 2 — FAEEKL 2.
rid, ALiEE RO XRE (X <7 b ) 24
MagiX Pro) THlE L 7. i, BAILL1: 2 TH S =
E— N ARk L 7ok o 5 6 10 3kHT > W CRtFlbE 1
10 TH 5 A E— K2R L TREL, AFE 1: 10 30k
DN & DS ATER L 7.

77 5 RIS D E R KILT 5 2 OFAREBIE 2T
W, &SIk 5 2 DT EAAAR AR L. K
i 5 2 kAR T 1S, JbiEE KR © SEM-EDS &
Z 7 & (JEOL-JSM-T330+LINK ISIS) Z W\ TC, FHHf -
ftl (2008) & [EERDFHTIT - 72.

3. R
HERTFE AL (fEE 1,371 m) (3RERE ) 6km, HAED
B3 450m T, 1LHAD EE 1349 900 m DL o pkfE X
IiT® % (Fig. 2). (L{AHRIED & (LSS IC 32 B DTS
WAREL WA, (TEHSHERSEE (B 1,371m)
&, TOMEEH 1km 12dH % v F (1,209 m) 25041,
FNZNOINTER E KA 24 5. SR
TESS D ke (LU, 1WA R 134 ook, =
LTV KIS L 0% DFEIC 4 5O KOMBER S
NTWs, TN KO0 SiH L icamaim ks
[BOKHS%TES. INODOEERICE, BERICE
& Ub s & o REmIE s K OfhE» S i ©
HEANICHE S, 2O v — 7 OWEBRNAS ICERIT
3. %7, JHANTHE T L 2as EoES 800m fiTic
, AREARE 7S K CTHEEZ (Ne) 25 1 238 51 5 (Fig. 2).
~ﬁ@%_¢,ﬁatb@a5%%m&®§ﬁﬁﬂﬂ
HEEALEED SNV, RAZZTIEWIESEH DL
BIAMBTEH L TW5 (Fig. 2). ZoduilidicidiliEk
AEIC X 5, 2K 3km TRAMANCBHI L 7o, BB O

%%ﬁ%b%mé.ﬁ%ﬂ%®@%wu%@mﬁﬂﬁ%
YInsnti L, £ CITRERK 20~150m, HEH) 10~30m
DFRNUMNEET 5.
4. M FH B R

HERTFEK LD L 78 B S JR 2R =R D IESE, Pl
JERE, HEEIUSR O v T gsECE, RS © 78
% (ERE, 1965). ZHITIA T, 1.3Ma L2 5 0.34 Ma
PkgE T, RENCOI 5% V7 IR DK S
NI RBBLKE K O HERRY) (BRI - F1l, 2007) 25,

« HIBEsL

HAEEE LTO/mMLTWA T EnslEan s, fgEH L
7 IR, VT SNTERA VT 7 KILOTEEIN G E
D, 7VNViR, 7o 7 ViR, MEIEES L OHEREE
MR S e (EHE 1965).

MRS K LD %, IREROWEBR, EEROR
BOENP S bHEES N AEHRER, & 510aa PSR
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LR S KM BRI L, BE s gL, %
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SHESIEENITON TS E VI HENDH B (L

1965).
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(1) E-1#]

E-1 s (B-1: Fibp). mLEEIC a4 5 8RR
10m OV o — THIES G L 7 RiA S Th 5. M
LIRS T 3R S & PALICAIE L, I aRRmE
DA BHERFEKILTRRbEA TV S, KA
TR (1988) (S ILTEA S L 7ciEE o—8 & L 7chs,
EHE»LENERBKIlENE. HA1F, EICHRESHER
AR AP A O AALREEZI G TH 5. 11IE

TREMOEERICEDL NS OMIRHTH 5.

2) E2#

E-2 s (B-2: bR, (AR IC O 2 AR
200m VL FIc K SR WES T, dLllT i RER Sy 3 R g
A Y B O NEE ISR TH . FIH (1988) (X
Rigsed 1 Wisao—i &5 2 Mailaa o—ific sy
Fiehs, TS OVES IFRCEE QR (Table 1)
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Fig. 3.

Geological map of Oakan volcano and surrounding area.

Akan group

e

E-1: E-1 lavas; E-2: E-2 lavas; TDA: Takiguch

debris avalanche deposit; L-1-1: L-1-1 lavas; L-1-2: L-1-2 lavas and pyroclastics; L-2-1: L-2-1 lavas and
pyroclastics; L-2-2: L-2-2 lavas and pyroclastics; L-2-3: L-2-3 lavas and pyroclastics; L-2-4: L-2-4 lavas and

pyroclastics.
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F4 b, b L BAREFHREGRITEAGPA S AR
RIS D» O LREERISE L ZHTH 5. AHEREY 3R
BaFod E1EaEEY, RGBS ORI ED
nas.
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Fig. 4. Localities of tephrastratigraphic sections (closed
circles) and sampling sites of lavas and pyroclastics
(open circles).Numbers indicate the locations of the

columns in Fig. 5. Contour lines are 50 m intervals.
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Columnar sections of representative sites and the schematic stratigpahy of tephra layers (right side figure).

Ten layers from a to j are identified. Location of each column is shown in Fig. 4.



154 FHft— « Fa)lE5A

Table 1. Modal compositions of phenocrystic minerals for representative samples of each stage.
sample No. |stage type Phenocryst(mode%) Groundmass
PI Opx Cpx Ol Qz Hb Opq | subtotal | mode% | texture
L2-4 Oa-18 L-2-4 lava 21.8 6.0 6.8 0.2 - - 0.5 35.4 646 iIn
L2-3 Oa-17 L-2-3 lava 26.2 26 3.9 0.2 tr - 1.0 34.0 66.0 iin
L2-1 Oa-19 L-2-1 lava 239 2.4 5.1 0.1 - - 1.4 32.8 67.2 iHyp~In
L2-2 0Oa-20 L-2-2 lava 22.2 3.7 3.6 - tr - 1.0 30.5 69.5 iHyp
L1-2 Oa-14 L-1-2 Inclusion| 17.8 5.2 5.1 0.2 - - 1.9 30.2 69.8 iIn
L1-2 Oa-16 L-1-2 lava 240 24 5.1 tr tr - 1.3 32.8 67.2 iHyp~In
L1-1 Oa-9 L-1-1 Inclusion 6.0 0.5 1.5 3.0 - tr 1.0 12.0 88.0 iIn
L1-1 Oa-13 L-1-1 lava 23.4 1.9 2.3 0.3 0.5 tr 0.8 29.3 70.7 _iHyp~In
E2 Oa-3 E-2 lava 20.3 4.6 54 - - - 1.9 321 67.9 iHyp
E2 Oa-4 E-2 lava 26.9 3.2 53 tr - - 1.1 36.6 63.4 iHyp~In
TDA-b |Oa-5 TDA Inclusion| 10.0 12 1.8 0.5 tr - 0.2 13.7 86.3 iIn
TDA-a |Oa-6 TDA lava 22.3 2.0 2.0 1.0 - - 0.4 277 723 iIn
TDA-a__ |Oa-8 TDA lava 31.8 3.9 4.6 - 0.2 - 1.2 41.8 58.2 iHyp~In
E1 Oa-1 E-1 lava 7.5 0.7 1.4 3.6 tr - 0.1 13.2 86.7 iln
E1 Oa-2 E-1 lava 11.9 1.9 4.3 3.4 0.2 - 0.4 22.1 779 iln
Abbreviations. Pl: plagioclase; Opx: orthopyroxene; Cpx: clinopyroxene; Ol: olivine; Qz: quartz;

Hb: hornblende; Opq: opaque mineral

Mot fhoF 7 SR ch b, TV EMTICH
MOBEEEEL, ALY, S 10 TREREE 12cm,
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13 14.0cm 755, Hid 10 TR_EALIC 12cm OJEHEE
BARLKIIKE TEER S, fEIcEDbNS. 23

) 7B XCBROERENES, ADd LLMHIATRIIC
FIDEINEMED ONDE I b 5. AEYOHERIY)
WREA, #OEA, BHREEG, 7Y 5 h, AERR
mcHs.

(5) fi#

AJEE, HiA 10 TRE 10 cm O BB BE[L K LIKE
tiEdic, BT AMRLKILIK & U CRRER S, B S
BEIEECEHL >/, TDH Fig. 5 Tl o
MEE LR FaoRBVHEKLY 5 2, BEA
RS, ROHA, BEsh, ARERPEaEns.
KRB 4D A7 5em OISR #EE A, o BICE
b D, Kig3HEPTFE ORI S L ORIAE Y il
Wond WFIZAIFHIS 14, 16).

6) ef#

A2 ) 7 BLORIEOER LA FA 2
) THEREYITH . FHEBEERCOHML, BEEILEE
DEEEICE WV, 15em VLD 5 30ecm FRICIEL 725,
2 3 ) 7 ORI IFILTEES 3 & O LAl THROK 1.5 cm
ThD. HE S TOREIZ 10em T, LI 7em OJETE
TiEAEBA, bBIcEbLNS. LA TRAESHORS
FotIEOHERREED BWHIS, 8 X OTESE 2, 3 K1
KT OoNE. 23 1) 7 3ADOH LT, Fian
B, HEEEPeDEO,

(7) df=

AT AR s B kLKE T, FICHIRIKIL A 5 2
510, TIRHNCIBA LI EEBZ SN A REER 250,
M5 15 TREE 1em DIF T, @eEnE< vy R

HeFEd 5. LI 1em O +HEEEEA, cBIcEDLNS.

8) clH

ARG IHABE O N KILKE T, 2mm il o [ @R
A, FEORWEROHO KUK S %, HEEEEE, ZLE
BOMEER P65, SR ERESL, BRNEL
G, ANBHHIEYICH B, HIS 15 TOEEIL Scm
T hAIC 3cm OJEREHIEA A, bBICEODNS. LK
TREHICHA L, ITEE 1 KOE T I HEHER L T 40
cm LI EOBE2HT 5.

9 bfE

AT SR s A ol N KILKE T, BARo KL
o RICER, FEA, BRNEG, RUSEA OGS R
&0, S 14 TOEER 4em T, B 1-2cm 3L
LCiEfmAESd 5. B 2cm O HIEA A, afE
EOLNS.

(10) al&

AN SR Aok FKLIKE T, BAaMe LI
NIVHIDKINF S ZCER, FHRG, BREEELD, B
A0SR A ST, AERFRELHic L v DRI
Do, HiS 14 TOBEEFHZAK15cm T, 3em DL
T35S,

7. BAFIESH

7-1 FEREH (LEERY)

e S R XA BLILE~T 1 1 P TERRT
» 5, FiE L OBRBOFEFL O, zhZhofs
B O HYI OSBRSS (Table 1), KG9
D E-1H, L-1-17AEBLXOHEHOGEHE KB/ (TDA) 0%
REEZIEEHE, BRESPeDEL, PALAL
HRICEORHRMSH 2. 2hPANOEEB XU TDA ©
FIEDP S FA 4 FEBRIE, BRICES, <7497
PR T ANRICEADPA S AABEICZ LV, JiE
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D55 L1 WOEEB LU TDA D& aabicid
PEAEYNEECEENS.

(1) IEEH o X EE R s~
U TDA O XREEZ A

REMO, PALAL, FOEA, BREEG, #F 5 v
by, fL¥ExEbEE LCEd, BibhE 12.0~293% T
b3, L-1-1HOZIEBLTFA 4 M iERIcmEy
GRS 55,

S oREAR, T— N T7.5~234% &%
1, HEL S FAFOHIK TRA 3.0mm, BHiEs b
D bDWE. FERNICTERETPEORIREEEHT 5
bDE, EEBLBLOVWEDOLNE., PALAMLIFE—F
Rk T 0.3~3.6% & F 1, &A0.8mm O HEH» 5FH
b L RABET 22 vE2HET 2600820, B
LIS 14~43% EF 0, &AR2.0mm OFHETH
5. RITHA1E 0.7~2.0% &F N, KK 15mm OHE-
FHET, BRACESHENE I ENH S, IS
OFEGE, LI LEREAZME - B REE>< 5. &
fo, FERNICERT s vIBUEEBET A LD B, Bk
75 VIRt E — FHRK T 0.1~0.8%, 0.1 mm Rk
KThsb, FAEIFE— K 0.5% LIFT, &K2.5mm
THEIEERT. L-1-1EE0—HIcfgicEiEns
LEAPIA I, 0.2mm LUF ORI, €— iR 0.1% LI
TThs ARERETCTNIEBANATEEY) T4 v
J~A vy ==y VI E RS, SHRORIER < BL5
BEAT « BURNEL « ABIHSEY Z48E0 7 5 2 H3HD 5,

Q) WEHHBRPOLREEZIIE~TA 91 bBX

U TDA ZlGa~7 4 %4 b

REA, fO5HG, HEMEL, »ASAL, BXRUE
F 7 VA RRE LTES, QRSN 5N D
CENH B, HRERIT302~418% &, RO (1) L
2\,

BRI ORE AR, ' — FHREKT20.3~31.8% &%
n, HEL S FAFOHIKR TRA 3.0mm, BHiHEs b
D bDMEV. IHETPEORIREEEHET L0 L,
HEESLONEEL TED SN L. HEKAR 3.6~
68% &GN, mAL4mm OFHETH 5. FIHHELIE
24~60% &Eh, A 1.8mm O HEFEAET, JEL
HAEMAICHENS T 0D 5. TnSOMAR, LIE

LIZRHEAZMN - 8B RE > < 5. £/, FERAIck
F o U ETHENDH D DALAAIRE—
FELAK T 02% LI &£ N, 5K 0.6mm O HIEH O i
T, SOOI E D> bOMRED SN
5. #kF v VLI, ®— FHEKT0.5~1.9%, 0.1
mm FEORIRTH 5. FHIIFE— N T02% LI TS
ENBTENHY, HAK08mm THRATAZRY. A

FAHA B

BEEETARGERNA T OE) T 4 vy I~ V5 —
=y VR AR, SHRORIEG « RIUTKES « B
4 ANEIRSIZAEED A 5 2 DD B,

(3) FHEECEY
WEYRLREEZ S TREX D EETH D,
R E LTRER, A SAA, BOTHEA, HEEA
BTy vBBMEST. Th o ORI OEE AT
LFoFHEenenorS LR L TH B0, L-1-1 A
HOAEYIRES & HiE L TR EAVD S O (Table 1).
GEERETA vy —F — VAR L, RHES -
RIS « RS « ABIHILYI Ao # 5 2y
5. INSABMORREIEEAEDZNL D MK TH
5.

72 £RLEEK

Table 2 1IZREM 1530 0 25 L% %, Fig. 61
=R =K ER L. HEREE DES O Sio, BH R
55.0-65.4wt.% T, AAVIERE X DERETH D, 52.5-
56.5wt.% Tdb 5. KisEiiclligd 3 &, E-1#53Si0,
GH L 55.0-56.1 wt. % &R OHIRIE A R DXt L
T, TNLA OETI T I Si0, #555% itk » 5 64—
65% D F 4 44 MERE T EEVIKIEE R, Kook
D=5 =X BT, SIEE O S A BT S S
B R g, iR O R T LAk & e, /U
Sio, B TH#E L T, E-1 & L-1-1 o & A 3o G
WoEA EINRT, FRcRUaHZ I LPa I T MgO (1
EBAALOICZ LW I ETHEICXAITE 5. S HICE-
2HOERR, [FL SO, BEThHigd 3 &, hoiEEio
A & T Si0,>60 wt. % T, Na,O, MnO B & O
TiO, ITPPEH, K0 IKZ LW, £ L1-1 oEHIR
Si0,>59wt.% T, TiO, B LU Na,OIZZLWI &,
fhoiEEIHO S G EXBITE 5.

7-3 F75DOKIUFTS XM

77 5 ORI F AR, e B IFLIIEE, g ik
HEE~T A %4 b« fECEE, ThLIADEIEETA A
F~RCEETH B (Fig. 7). 2OFRTgElE, »~—
H — X TR 7S e & 7R e it@gEUﬂa
FA A b~mpCEE KL S 2 b, BECLITo X
S RS S, (LFME TR ARETH 5.
N=H—KEicB\VT, dEIRCaOIcZ L KO ILE
Uﬁfm&m%’E%fgéiE@%pr%%i
L, WEETHBETHESIONS. alE, blE, f
BB LUjEESio,mBPMhotERETHHMUL TV S
2, alEE fEPMO 2JEEHANT, PP K0 ICED.
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Table 2. Whole-rock major elements composition of representative samples.
Sample Oa-1 Oa-2 Oa-3 Oa-4 Oa-5 Oa-6 Oa-7 Oa-8 Oa-9 Oa-10
Unit E1 E1 E2 E2 TDA TDA TDA TDA L1-1 L1-1
ig.loss (wt.%) -0.09 -0.03 0.38 1.04 -0.16 -0.15 0.30 0.16 0.09 0.85
SiO, (Wt.%)  54.61 56.10 62.35 63.22 52.57 58.13 64.92 65.50 52.67 60.09
TiO, 0.70 0.66 0.63 0.63 0.78 0.69 0.55 0.54 0.65 0.63
AlL,O3 16.17 15.76 16.37 16.06 17.80 16.65 15.78 15.62 16.19 16.24
FeO* 8.42 8.01 6.29 6.20 9.89 7.65 5.37 5.15 8.72 7.13
MnO 0.16 0.15 0.13 0.13 0.18 0.15 0.12 0.11 0.17 0.15
MgO 6.79 6.87 3.20 3.20 6.24 450 2.70 2.53 8.15 5.15
CaO 8.92 8.95 6.22 5.97 9.76 7.90 5.58 5.34 10.12 757
Na,O 2.48 2.43 3.14 3.08 2.26 2.74 3.29 3.26 214 2.69
K,O 0.91 1.02 1.59 1.64 0.55 1.19 1.87 2.02 0.54 1.37
P,O5 0.10 0.09 0.10 0.12 0.09 0.10 0.10 0.09 0.09 0.10
total (wt.%)  99.27 100.05 100.01 100.24 100.11 99.70 100.27 100.15 99.42 101.11
Sample Oa-11 Oa-12 Oa-13 Oa-14 Oa-15 Oa-16 Oa-17 Oa-18 Oa-19 0Oa-20
Unit L1-1 L1-1 L1-1 L1-2 L1-2 L1-2 L2-3 L2-4 L2-1 L2-2
ig.loss (wt.%) 0.26 0.58 0.25 0.18 0.35 0.29 -0.21 0.17 -0.08 0.00
SiO, (wt.%)  61.46 65.28 65.12 55.39 58.66 62.14 58.42 59.87 62.23 64.11
TiO, 0.60 0.54 0.51 0.68 0.66 0.61 0.68 0.63 0.60 0.58
Al,O3 15.87 15.17 15.32 16.99 17.11 16.50 16.87 16.22 15.97 15.52
FeO* 6.52 5.50 512 8.51 7.52 6.21 7.67 6.84 6.42 5.87
MnO 0.13 0.12 0.11 0.16 0.15 0.12 0.15 0.14 0.13 0.12
MgO 4.49 3.15 3.00 5.49 4.61 3.33 4.23 3.88 3.55 3.11
Cao 7.21 5.44 5.58 9.58 843 6.54 7.94 7.25 6.76 5.87
Na,O 2.81 3.02 3.09 2.27 2.62 3.06 2.78 2.87 2.96 3.07
KO 1.56 2.03 2.07 0.91 1.17 1.62 1.23 1.45 1.65 1.89
P,Og 0.09 0.09 0.08 0.07 0.08 0.09 0.09 0.09 0.08 0.06
total (wt.%) 100.75 100.31 100.01 100.06 101.00 100.22 100.06 99.24 100.35 100.21
Note. FeO*: total iron as FeO. TDA represents debris blocks in Takiguchi debris avalanche.

The rocks of TDA are derived from both E-1 and E-2 stages.

8.

81 F7SDHREMLLHEFEET 7S ORER

) kil s 2Rk & 5 7 7 %G

FEHIRIC T 5 7 7 5 ORIRAKLOBEHTH 72 -
T, 77 7 0EFREHEO A, KILA S 2K
ZROTHRET L7z, SBIROW ST 7 5D KILT S =
MBI L TREGFED 7T — % %2 (B « fth, 2009;
H « FrH, 2003; 8, 1989; AOH, RAZ; fIH - fib
2001; FA « FH, 1998), FRICHERTHERICBI L T Lk
T35 O AR 1S BRI TR L 7RI 5 em D E o HRIA
B O KA 5 AR A F Il E LT L 7.
TiO»-K,0 M=fi# & L T/Rd (Fig. 8). ZDFER, glE
< 9 BRI ERELA D KILERRE T ST 75T
HDTEMPHIRL . T oXIBBEREE EBFERICRY
(Table 3, Fig. 9). [Med 2 LK « BEREKNcHkd 2
T 7 FICOWVTHRGET U 7RSSR, j v R B iR
IV (KpIV), h BB AIRHERY) f (Ma-f), £ LT
c BN N A b (Ma-b) It s . fgEH v

ﬁ%

A
A

F 5 NOMERFEEICHRT B F 7 IO TIE, 1@
i< F 2 v ) AGLIERO 77 5 Ti2 3~ F % ¥
) KWER 1 (NaPf-1), i-1 3fi~F % ¥ V[N AR T
)7 (NaPS) iZ, £ L Celg3PEE L2 LT 2
Me-b icxflb & 7z, mEvEIbiEE O KilcHkd % 7 7
FIZOWTIE, fIEHERIRE A c2 (Ta-c2), blEidk
R o B 2 (Ko-c2), a & (3MEEiI% Ni¥G a (Ta-a) I
wthant., HRPADF 7 51250 T3, d @
ERRICALiE 9 2 UL FRTR & 9 2 JEL-5/ M 7
7 (B-Tm) IZXflb 7z,

C OHCERE (1965) DSHEFFERIHE L7 Oa-b 7 7 5
Chcbi-1 83, kilbn s 2fkic & 28, fhx
Kot (1971) DIEHE &3 0 MERJFEIERHTH 5 Z &2
e s s, 1B (1965) 5id#i L7z Oa-a 7 7 1T
SWVWTIE, BFELEHNS iEo Eiiom bk LIRE+
HEionlthsns &2 o5, oMb ALIRE + 5
[, HERSEELGTRENEL 55, & 20K
AL B E VWO HEFEFFED SNV, 51, i
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Fig. 6. Harker diagrams of whole-rock major elements compositions of lava samples from Oakan volcano.

Localities of sampling points for analyzed samples are shown in Fig. 4.
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70 75 80 55 60 65

60 . 65 . 70
SiOzwt.% SiO2wt.%

0 E
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Fig. 7. Selected Harker diagrams for chemical com-
positions of volcanic glass for tephra layers in
Fig. 5.

FlBEEEORAOR R Y TAESLIEND, Oaa T
7 7 bHEEEE T3S HERFEERE Th 5 EFEL O
%.

(2)  HERTFERE N KYIE D ¥ R
SROFETHVWESNAET 75055, gEldkl
5 AR CTHRIEKILAIRETE S, IhE TT DR
PHIGNTOROWT 75 Thb, gBIEHEMEEIFET
RIS BE T A TH 0. = DEE R K ORI 3 M5

Az WS % (Fig. 10) &0 5. g [EOETE AL
BHEEETH B EEZ OND.

Db o, gl@z ks & KiY) Oafa &HiFRd 5.
Oafa (3 ALK LIRE 1358 % B A TH) 7,000 4E5i7 D Ma-f
W, 92,500 4RO Ta-c2 ICEDLNTVWS, Thbd
DF 75 & Oafa EOOFHEDOESAE S &g, £
R EOEE A3 7000~2500 4ERI DRI T—E LRET 5 &,
Oafa (3#Y 5,000 FERIOMEHYITH 5 LHEET X 5.

82 Oafa OEENEIDXILL

Oafa DJEE LHEE, HEFERFLTETIES L-1-2
I ORBTEKOTH 3 VS 1 KOS mh - THEN
3 2T H B (Fig. 10). L7253 > T Oafa (3 L-1-2
IRt & N B AREME S E V. T D T & 13 Oafa A5 E-2 1]
W EES &, % LT L2 F Tl Oafa 28
Avonmw EELFMNTHS. & 51T Oafa D

RIS E R IATEEE Y & T B o, R 2
cm PI_E® Oafa OAEY O 5 L2Elk 2k 72, 1k
HHER S B I & Oafa DS LEHRE 4 % &,
FeO/MgO-K,0 X[ G, Oafa (3 L-1-1 5% & 1ZBABE I X3
TX 5. &5IC Oafa 3 L-1-2 WIS L2 Wins & [A)
U~y R EICESD, FeO/MgO % K,0 ORAKIET I3
L-12 WA s B L T W 5 (Fig. 11). 2Rk L 72
Oafa DHEIMIHAGHLE S L12 HiAEEE L TH
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5. L7cid-> TEAFMIC S Oafa 13 L-1-22 O HY)
THsLHMTE S,

8-3 MEFEAILDEANE

() JRIET 7 5 & HERTERE Y o B R
HERTHERE D LRI i, ik LiZ4505 & 9 2 e HHAEACRE
Mo 77 50U L THB D (Fig. 5, Table 3), LIARERL

6

v aTaa @ fTac2

+ b Ko-c2 @ g Oafa

¥ c:Mab [ h: Maf

b, d: B-Tm £ it NaPS/NaPf
O e Meb A jKpd
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=
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0 Ma-f
0 0.5 1 1.5 2
TiO2 wt.%
Fig. 8. TiO, versus K,O diagram for volcanic glass of

the tephra layers in Fig. 5. Compositional ranges
of well-known tephras are also shown. Most layers
except for Oafa can be correlated with the tephra
from distal and Me-akan volcanoes. Data sources
of each tephra layers from other volcanoes are as
follows; Ta-a and Ko-c2 after Furukawa et al
(1996) and Yoshimoto and Ui (1998), Ma-b after
Wada et al. (2001) and Kishimoto et al. (2009),
Ta-c2 and Ma-f after and Kishimoto et al. (2009),
B-Tm after Machida and Arai (2008) and Wada et
al. (2001), Me-b after Wada (unpublished data),
and KpIV after Hasegawa and Nakagawa (2007).
Compositional fields of Nakamachineshiri somma
stage tephra from Meakan volcano is drawn based
on glass compositions of proximal samples of NaPS.
Tephra names and their source volcanoes are shown

YEens s 7 5 OuEMRE» SIEKEREHEET 5 C
LT X 3 (Fig 12).

PHIIREITH 208, B2 AEB L UREIISEELE
155 NaPS (ca. 13ka) ICEDONTWVWE T En 5, FillliE
BB K ORTHALLA D A EE X 13,000 FRiT L 0 W EF 2
5N 5. L LEHEE) O BISREHIC > W T AT
YO FRPHERETETVWR VWD TH 5. L1
EFEAUCBIL T, RIS K D Oafa XL 17
L-1-2 #id, #9 5,000 HEFi0iEFH#) &m0 5 b, Lol-
LEIC>WTE, T OEETIE L-12 ims & RimtEgic
REBENFD SNV DT, WE DRI X 78 HH
MIBRIEFET 5 & 1FEZ IV, Licdd->T, L-1-14]
b a7 L1 WoihEh 34 5,000 FERiOIEE & LTHA
S RBEE->TORRVTHAD., O EiE, L1180
BEBVT NS Tac2 (ca. 2.5ka) &L 0 — LIZEDN
57, Z@Ouo—LfT Maf (ca. 6.6ka) DEEH SNTS
MotclEEbFHELTOEL, L2l Tid, &
IR OWEEREGRD o AR OE I EEA 6505 L-2-
4IEEIS Ta-c2 IO THY (Hifdi16), £< O L2 1Y
B 2500 FERTE TR Lic & WA 5. — ATl
TS 1 KOO KK 13 Mab @ _IRHEREYIDSHEZR T &
50, TNELD TFAOT 7 5B D OBV, Lich-
T, IWTHKOROER) $IEETR TR b ke L 7o mTRErEDS
HBH, ZOMEHH Ma-b OIEH L 7249 1,000 511 13
SETLIEVWR B,

(2) MK

INF TORE D SUEPTEEDFEF LI T O LS IcF
EHoNB.

IR EN ] < 14 13,000 £EFT & TIZ, FIKEAETRHIIC
X o THEBKILDTER S Nz, E1BICIE DA S AGH
RICECEEE < 7R L, €D%I1F B2 Bt
RENBEFAHA M7 BB ERYE L. BHT
Bina T — 7 OIERED SHEE S M B B OEE L,
BAEOITEE ZIER CHISZ & &2 5n 5, HitFEol

in Fig. 9. ., - S N T -
e HRIEL, BT 5EEOEED SHEE LI E C 5,
Table 3. Result of correlation of tephra layers and their ages.
layer |Name |volcano "¢ age(yBP) age age data source

a [Ta-a Tarumai AD 1739 Katsui and Ishikawa (1981)

b Ko-c2 Hokkaido-komagatake AD 1694 Furukawa et al. (1997)

c Ma-b Mashu 980+100 ca. 1.0 ka Katsui et.al.(1986)

d B-Tm Baitoushan ca. 10 ka Machida and Arai (2003)

e Me-b Meakan (Akan fuiji) 2,070+80 ca. 2.0 ka Katsui et al. (1976)

f Ta-c2 Tarumai 2,490+70 ca.2.5ka Furukawa and Nanayama(2006)
g Unknown |Unknown

h Ma-f Mashu 6,510+70, 6,730+60 |ca. 7.4 and 7.6 ka |Kishimoto et.al.(2009)
i-1 NaPS . - Wada (1988)
2 [Napr.1 | ieakan (Nakamachineshir) Fo=sas. 525 ca 13ka Katsui et al. (1976)

i Kp IV Kucharo ca. 115-120 ka Machida and Arai (2003)
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Meakan
Others

Ta-a AD 1739 Tarumai

Ko-c2 AD 1694 Hokkaido-Komagatake
Ma-b ca. 1.0ka Mashu

B-Tm |ca. 1.0 ka Baitoushan

[ca. 2.0ka | Meakan (Akanfuji)
Ta-c2 ca. 25ka Tarumai

Meakan

Kp IV ca. 115-120 ka| Kutcharo

&
Bl black soil and loam scoria fall
= reworked [=Z+ scoria or pumice fall
[1 ashfall 1]  pyroclastic flow
]
o]

Kutcharo

Tarumai

Fig. 9.
names and their ages are also shown.

Results of correlation of tephra layers.
Seven tephra
layers were derived from the volcanoes in Hok-
B-Tm
tephra was from Baitoushan volcano located at the
boundary of China and North Korea.

Tephra

kaido, which are also shown in the figure.

Data sources
of eruption ages of each layer are listed in Table 3.

B A ISR 1,100 m, (AFE 1389 4.7km’ TH 5. <
D%, IERERITILRRREDSFA L, hics brm0nE
f:' 7372 ﬂﬁ)@}ﬁ /}lLT L.

BIA/EEN%, 8,000 AEL) i3 L SRIFIZ 12 & A%
WrEEHBG L 72, L4ﬁfiE2W%L®ﬁ@ﬁﬁL
Iy ERKOFRIER S 1, 95,000 FEHiIC
Oafa SIEH L 72,

E(}lu &
L-1 wIic i3, DASARIKEL L

A EZ S %A Ui L-1-1 iEE D8 AP I R L
fo. =0k, KSR ZE FIc v ESE 1K0
T KD3FH L, Oafa DSLAREERERICEH LT, v

DKW L7z, 5l& ks v KON, S iEE
TSRS N LT, ALK « BRI 0—E 278 -

fo. L1 HHOEB 0%, (LTEEC OIEENDBAIE L, K%
EAOE & D L2 Womamasiiifdbis, & & OHiEo
rmfl%Eot LLITED 5 OIFE TS 2,500 /T

WL, TEKOB K ESER s E T, Diad s
¢> 1,000 FEFILENCRIER S Wiz &2 5N 5. %L
KD KTE L, Oafa AR & &% T, #76.5 km®> DRE
(Dense Rock Equivalent) & R & 5417z,

I Cld, ARKILAILI OIS 800 m HisS oAtk
TIRMIGEESIEEN AW S re (ERE,  1965; BT,
1994). F 7o, BWEMNTFILKONE, 3 & OHERFEE K
COF ORI TEAHICRIE LT D, Th oot
FREIF & O SROIRENIKE L TV b EEZ N5,

84 HFAEEDEEFHDEH

HEPTFEE OIRB O R E, & 3 eiEEiAmE L i

BERBFEARTH - 1o ETH 5. ki, R & BIOE
FORIH) 8,000 FEH O KRIEMNEAET 5 T & b T
»H5.

L ficsaimoiEt i clid Kk IER S v Tn
BT EMEL, TOEKIZR b oy R ) RTEETRE %
M-tfedBEZoNs, 2O—NT, ILEPHICHE N KW
ARSI, KPEROFAEZMES K 5 1 RHE R
FEHIEK ZERD SNV, T D & S I HERSEE O iR
OHIL, KIHROFA R IRFIFIC M T KW & R
SHDBIE, BRIEKSRZZ CTERRBBKET->TE
T MRS DR Gitb b« FOH, 1994; 5, 1994; #0
FH o« fth, 1988; FOH « fl, 1997; KL « fth, 1976) & (&K
S EBEZ2bOTH B, Flo, MPTFEE TR
o T EBRB S, ThehTkIEZEER L
coxt LT, HERTSE K DR IAEE < [ e 3B
FEOINTE, S EB LT 1L.5km OFPFHIcE P L, K&
L OIS - e b TH 5.

L e~ S~ BRREERIIE» S5 T4 A P ET
ZRR AL AR FE B, 2L O Si0,-K,0 KT
BOWFNOEHHTLIFEE—EHELO L Y FEE
5. Lrchi- CHillE %<3, 8, 000 RO ARIELIA
Botilbhhbbd v vDOREIBELIE - To X
5 Thb. —J, Si0-MgO XTHRS &, AiflllH L %I
EHOMMOEI BXULI-1 TE Mg < 7 <WiEE) L
T, TDRIZMEMg <~ 7 < DIEENCHiTd 53 L 7o
[AREEHENE, TNoD< 7 <R DOEHP 7 DK
KOFHM> W TR TR 5



160 FHft— « Fa)lE5A

\j_) o

Fig. 10.

Isopach map (a) and isopleth map (b) of the Oafa tephra.

Numbers are thickness (cm) of tephra layer

(a) and maximum grain size (cm) of juvenile materials (b).
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Fig. 11. FeO*/MgO-K,O diagrams for the rocks of the
L stage (L-1-1,L-1-2 and L-2) and Oafa. Com-
positional variation of Oafa tephra is the same as
that of L-1-2 rocks.
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Fig. 12. Summary of eruptive history of Oakan vol-

cano. Time markers by tephra are shown. Tephra
names are the same as those in Fig. 9.
box shows lava flows and debris avalanche deposit.
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