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Eruption Interval between the Two Pyroclastic-flows from the Ohachidaira
Caldera of Taisetsu Volcano, Central Hokkaido, Japan:
Estimation from the Paleomagnetic Directions

skk . ES
and Keiko Suzuki-KAMATA

Yuki YASUDA*, Eiichi SATO**, Keiji Wapa™
Eruption interval between Hb- and Px-types pyroclastic-flows from the Ohachidaira caldera of Taisetsu volcano,
central Hokkaido, Japan, was estimated from the paleomagnetic directions. Px-type pyroclastic-flow deposit rests on
Hb-type one, and gravel beds are intercalated between them. Oriented 138 samples were collected from 13 sites for
paleomagnetic analysis. The paleomagnetic direction of Hb-type pyroclastic-flow deposit shows a normal polarity with
a westerly declination (overall mean is N=7, D= —27.1°, [=66.3°, @95=2.7°, k =511.2), while that of Px-type
pyroclastic-flow deposit shows a normal polarity with an easterly declination (overall mean is N=6, D=19.8°, [=67.5°,
95=4.6", k=213.8). The two paleomagnetic directions are significantly different, and the time interval between the
two pyroclastic eruptions is estimated to be more than about 100140 years based on the geomagnetic secular variation
in China, Russia, Europe, North America, and Japan.
Key words: Ohachidaira caldera, pyroclastic flow, eruption interval, paleomagnetic direction, geomagnetic secular

variation
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WL 7o KPR R 3 S R 00 5 7 2 2 8 (Hb-
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Fig. 1.
show locations where the samples for “C datings have been collected by Katsui ez al. (1979, 1988) and
Nakamura and Hirakawa (2000), see text for details. Inset shows index map of Taisetsu volcano.

e WE SR EHIE % <, Hb-type KFEFHERED 12DV
EHEHERATE SN TV, 20k ) s, Bk
MR T2 T 5 2 AR TH L. R
5 KW HERE 1 & & DILBRR L, F10 4E 4 5 5% 1,000 47
O CAREZEACT 2 MBSO B & B AL L L
TREELTHBY, TEREATE 2 hUSREE: S N7 R
SHRECERTRELZ NS TH A,

ZF ZCARMZE T, KEILEIZ A $ 5 2 FiEO K
MR OMEREZH 5 20T L &bz, Hi
TR TTAEIGE 24T » THHE ORI E D < S oBEf R
BHDONE LD -7

2. RELOEXES)SE

KREL OB NEEIH 1Ma ICBIMG L 72 Gz &L
F— - FEEHATR A BISEPERE (NEDO), 1990, p. 232-233).
B O NKD S EERREE F— AW L THAT 5
HHARD IR GF AITERE S 721, INTEIS O Hh L T,

Distribution of Hb- and Px-types pyroclastic-flow deposits. Arrows show river-flow directions. Stars

N=2AH =2, VL - 23 7HEE L, &HEIC
KRR AT L TR 2km OIS 7 V7 5 DT
sz (B - b, 1979; Hk, 1987) (Fig. 1). HERF7H
VT T OB TN IBERREE 7 1 & v o 72 U KL AR
ENT-DEFMEFEA VT IR B Z L ThH D (B -
ftb, 1979) (Fig. 1). ¥ b #\KILET & 5 G ORI
B 12 HAERNICRB Lz & ZE 26N TwD (R -
I, 1991). HRFrOWEKIE, 250 FEFTLAEISJEE TA L
ToRESIEIETH D (FIH - i, 2003).

3. HEBFEHIVT IEREOXFHHEREY

SRS V75 W L 72 KRR S, AR
FH AT T OEAFNEEE S 2 RIS NS (K
B - RO, 2012, 2015; FIH - i, 2007; #5145 - fi1, 2006).
MHEOEAFNHELIE3 2H Y, BATH D hon-
blende ¥ &% & pyroxene B S O &I (£ - fIH, 2012;
Ff - B, 2006), A KT AOILEM (FHE - ATH,
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2015; A1 - i, 2007), A3 1) 7 DL E LM (7 -
MIH, 2012) TH 5. K TILEHEE - FIH (2012) & FfE
(2, 2 O KRG 12D C, B HIC hornblende
Pk % % &t b O % Hb-type KFFEHEREY), pyroxene
B %% & b O % Px-type KFHHERM & § 5.

KEIILTEE (43°45" 15'N, 142° 54" 10E) ([Z#E T 5
KT HERE W o D AL R 2 & 1% 33,640 £35% yBP (B
I - A, 1979) @, HEE (43°41748"N, 143° 1'20"E & 43°
42/ 54N, 142° 59" 47"E) (@ B KW iE T~ o
R A HEAE Y v o AL AR 20 5 1 28,980+ 1,600 yBP
(B3 - i, 1979) & 28,750+900yBP (It - fih, 1988)
DOMCAERPEMA S SNz A - B (2000) 1,
KEHHEE (43°417 507N, 143° 1 9"E) 125 ¥ 5 KWk
HEREWIE T DR T AR O TALIZFRD B L5 KA
5, INH#FRERESNT (AMS) 12 & > T 30,070 =340 yBP
DOUCHERPEBE G, HRINSOFEREIS, 20
KT HERE M DT AEA X 30ka TH D L ENTE
7o B -l (1979, 1988) & HIAS - SFEJIT (2000) A3k &
L 72 KT HERE ) O b AT1%,  Px-type KR HERE ) 0 45
i F2H B (Fig. 1) S &5, H5AIR L ZEAMIE
Px-type KRR Db DO TH B LW TE B, 7277
L, IhoSDOFMMERZBFEIEROb D ThHL720, %
BROTERAEMRIL 30ka K D 22 & FHENS.

e - Al (2010) 1, WERT- 7V 7T 2> 5 IS 137
km OFHHIE BNV IC5E 9 5, MR v 7 7 ki
OFEFKIKBIE FOEIEICE TN AW, AMS
P12 & o T 32,640 820yBP DM C E M HIEE % 1572
JERAE WL 1T % O JE 4240 1L 38,028 £ 836 cal yBP TdH % (Il
I - A, 2010). S ORETRILIKIE, Px-type NI HERE
WD co-ignimbrite ash T 5 W REMEATE VY (R - i,
2009; FIH - fi, 2007).

4. HBETORBRHEBYDOEIRS L UHBHER
Hb-type KT HEFRE W IE R F ILALE A S AL E 1221
TEMPEEIL, Px-type KW HERE W T E 2> & L UE
AT C & VI S IR 2 e CHERE L, ST
ERMLTwD (Fig ). MEZELICHHETZL0E
FRE DT B (Fig. 1), 2 MO KFAHERE L,
WINSIKEKIKOIEE TR C, KEER (B - A
a7 - AIRER) EAVROREER &R, WIKOTE
CHLIRTH . Px-type KB URHERE W) O 1548 FE AV~ &
AT, BODPRFICOINTEERLL > X b,
Hb-type KGR IZOWT, RFHETIIAEL v X
IS N Loz,

ML T AL E I O BUEHE,  Hb-type K3t HEFE P
[ZDWT 7 HisT, Px-type KETEHEREIZ DWW T 6 HiAT

THILL 72 (Fig. 1). #5382 & AW Tl L
7o Sem DL Eo#FEER 70y 73 £ T 7-20
i, AFT 138 BFRELL 72, SRt BMIE, KTty
HIVERE LT B MU Tl R ISER RO E IR, ks L
TWARVWHE TERE SR S A EER TH 5 (Table 1).

DRI, BURHBRICHD S o B % T 5.

4-1 KAk

fk@@ﬁ@ﬁl%m%ﬁ(%ﬁf%éwgn.ﬁ
NG B TR 12 A5 T o BRI TR (Fig. 2a) ©
&2 MO KT HERE 2T L DICTEH L, BT IEVARS
L SRTE 5 S HR BT B o0 585 L 72 Px-type KWt 3 it
B, TRLZIZIEERE O Hb-type KFRHERE I AT ERE: S
%, Px-type KWEHEHERIM IS KF LY L 72 RE AV L
v A% &t (Fig 3a). #UEHE Px-type KT HERE W) 20 &
1 #b50 (TS02), Hb-type KFULHEFREW 2> & 2 Hi A (TSO1,
TS03) TERELL 7= (Fig. 2a).

RIBEN IO LRI R T, Px-type KFHHERE
1, B L 7oHERE W 2 RS IS E 9 5 (Figs. 2c and 2d).
Bk U 7o HERE X RS C, Ik, P S EE
ML LR OME (A LiikoRWI IV
M~k (BRE) LOHEHM»S %5 (Fig. 2b). AJEIZIE
BT VAR B G O A S B E EICED AL
g &, BEECEE L KIS O O % EICE
& A-2 J& (Fig. 2¢) L H3H V) (Fig. 2b), BROIARFEITZ
NENK S0em L4 1m TH S, A-1 &1L Hb-type K
TLHERE W) O VEAEIICEL S 2 BRI E R 2 & D (k
BE- A, 2011). F72, A-1EIEEE 1-3em OfH & AT
V7 5bTPICELR A2 B CIIMR SN 272, B
JEIIEEDE cm-60cm TH V), £ L OYh, HEMLH»
SOV NERE~ )V NE L RO L HIE
) Ao TIRARKIEM % 29 (Fig. 2). ABL BRELE
OBEFIIHETH ), WEIZAFH 14m O S CTHMH
LCWaBA, FTRIZBIAIRIC—EH L CTB D IERTE v,
BHAERANB-o TV L, HEIZL->T—HELNL D
DD, 10 5 m F T Px-type N HERE D 582105 %
(Figs. 2c and 2d). COMEITIE, Px-type NHUifEFE
D FAZIZ Hb-type KEFTHEFEM DTFRD HN D .

A-1 JE 7% Hb-type KGR W IR O A5 B A v %
Gty (EHE - ANH, 2011) &2 5, A-1 BOIRELIIC
Hb-type KT AHERE 256 T L CW 2 LT & %

4-2 %%Eﬂ

Kerld, EFEH 1.7km, HEK 04km, wAIHHEH 50
m OERBEIADOIFRTH B (Figs. 1 and 3b). T DKL
Hb-type KIGHERE I 2> 6 72 5. 186 20-30m (Z7EHS L,
Sfke LCHEFINICHERESEEL TBY (Fig
3b), TP 1020m FFEERKETH 5. FFEEFHOTREIE
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Table 1. Summary of paleomagnetic results for Hb- and Px-types pyroclastic-flow deposits.
Site Lithofacies N Ny Ny Np D(® 1(°) a95(°) k
Px-type
TS02 densely welded 7 30.1 713 3.6 279
TS04 non-welded 10 10 24.7 68.8 6.3 60.6
TS08 weakly welded 10 10 24.5 59 9.9 24.9
TS09 non-welded 9 10.3 70.6 5.8 78.5
TS12 densely welded 19.3 65.4 3.9 238.3
TS13 moderately welded 10 2 8.5 68.7 7 48.4
Hb-type
TS01 non-welded 12 12 —-15.1 66 2.5 314.7
TS03 non-welded 7 -25.7 65 24 612.1
TS05 non-welded 11 4 369 66.7 9 26.9
TS06 weakly welded 9 1 —24.6 66.3 4.5 132.8
TS07 non-welded 20 8§ 12 37 65.1 3.8 74.8
TS10 weakly welded —-18.7 66.1 3.5 220.4
TS11 weakly welded —31.8 67.8 7.7 76.6

N, number of samples from which ChRM is obtained; Ny, number of matrix part
samples; Nk, number of essential clast samples; Nz, number of lithic clast samples; D,
mean declination (in situ); /, mean inclination (in situ); as, radius of 95% confidence

circle; k, precision parameter.

WL N TB YR TE RV, KEOEIIZHA T
% Hb-type KR (TS05 JEL) (&9 <
&%, EHIGSERETD (TS06) & IRIEEHL (TS05, TS07)
PO 7. Ka & ZomAIZHA T % Hb-type K
FORRWE, REAR & L CHE R RS 7 KR
G, M TS05 & TSO7 THILL 2 A B AR 134T,
CDERGEIKA TdH % (Table 1).

4-3 EEBHLSITEE

KEILALE S S LTI 53453 % Hb-type Kt HERL
%G@J)gﬂ%kﬁﬁlmmui®K@ﬁﬁﬂ%%&
LTwa. R, <4 MV BN ClREs L
SIE T MR ET R O 563 L 72 Hb-type KFLERE Y 28
e @it LCwad. WO ST d Hb-type KEEHEHE
R O T I EHEHERE Y A 2 B b LT b 720 B
L 22\ s, IRAHEIZSE 8 SR oy (ERF4A - A,
1966) BB SNDLENDH D, REHRNEFT 722 #
F(TS10, TS11) (Z#EEEOYIE Y OFEEE T, GHEH L 72
Hb-type KHFEHERD 238 m 9 2 A5 F BRIZ AP 23T
LN THBYMERTE v, M e b IZHIHDPE N
O, HREHEOG IR TS 5.

44 RpgEE

kB BEC UL, HINAWIZEE T 5 Px-type Kt

WO RMT 2B TE L (Fig. 1). BEREEZHENT 5
Px-type KHHEREWIE 2 DD 7 =) ¥ 7 2=y b (Smith,
1960a) 2*5 7% % (Fig. 3c). KW HEREY &k o B IE 1%
#155m T, EASIEICEER (F20m), EEEH (9
24m), ARG (B 6m), FEEREE (B Ssm) &b, &
FEECIELERTE A AR B A3 L T\ % (Fig. 3c).
FNEND Y =) vy y MZIZ, B ORI S
WEEET L 7Oy MIEERGRO O NG, Ta—
=y My EEICIE, MR ZREA0 5 % 2 A RERD
Ly RIRICHET D, FREOr—1) ¥ 7=y b OER
i, AKCFICEY LB aARE L Y A5RO 55,
Ik B8 B 72> & Hb 1 TS04 N[ 72 o CHERE W A1 3 IR &
b BREHIRTMO 7O —2=y b (TS04) %5 I
L7,

-5 BEWE

JE &k, JLTE-FE A O S EEER 10km DL o>
BTHDH (Fig. 1). T Tl AR LS 7 a2 Bk
B 5% L 7 Px-type KGR HEREW 25, i SF NG Of
IR L CE MY A (Fig. 3d). KR o fE
JEiZ, Hb s TS12 JE2E TR 200m 1235 % (Fig. 3d).
4 TS12, TSI3 LTI, KEEFHER Y KB
L2 ARE L » X & & (Fig. 3e).
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Fig. 2. (a) Location map at Tenninkyo. Black circles show sampling sites. Arrow shows the flow direction of the
Chubetsu river. We use 1:25,000 topographic map of Asahidake published by Geospatial Information Authority
of Japan. The contour interval is 10 m. (b) Detailed columnar section of the stratified deposit in Fig. 2c. (c) View
of the left bank of the Chubetsu river around Tennin bridge. Well-developed columnar jointed Px-type
pyroclastic-flow deposit rests directly on the stratified deposit, while Px-type pyroclastic-flow deposit overlies
Hb-type one in the easternmost part of the outcrop. White arrows mark layer B. (d) Sketch of Fig. 2¢c. (e) Close-
up view of layer A-2 representing the highlighted area in Fig. 2c. The layer is mainly composed of altered dense
volcanic rocks which are well rounded. The ruler is 1 m long. (f) Close-up view of layer B representing the
highlighted area in Fig. 2c. Note the low-angle cross-lamination in the layer. The sickle is 25 cm long.

451



452 LHHL - ERS— - AHEENR - ST

~ Scoria

\

e

Fig. 3. (a) Close-up view of densely welded Px-type pyroclastic-flow deposit at Tenninkyo. The fiamme are
essential lenses. The hammer is 33 cm long. (b) The north-east part of Oiwa. The outcrop consists of Hb-type
pyroclastic-flow deposit. Columnar joints are developed vertically. (¢) View from underneath Kyokanheki. The
outcrop consists of Px-type pyroclastic-flow deposit. Two cooling units occur at the outcrop. (d) Valley of
Sounkyo near site TS12. Well-developed columnar jointed Px-type pyroclastic-flow deposit is exposed on both
banks of the Ishikari river. White circle shows a sampling site. (e) Close-up view of densely welded Px-type
pyroclastic-flow deposit at site TS12. The fiamme are essential lenses. The black clasts are scorias. Centimeters

shown on meter rule.

4-6 ETFAGEsE THARIRE L 2 FE S TB Y, FEhidignr o IFEH T
o r FAJIEVIZE T % Px-type KEETHEREY)  H 5. SURHIFHART (TS08) & IEAEKEES (TS09) A2 58k
(Fig. ) 1%, JHAEE50m DL lC, BEIZAERE LES L7z REACIRAFERY 32 #r L Clgy
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Fig. 4. Representative behavior of thermal demagnetization experiments for Hb-type pyroclastic-flow deposit. (a)
Sample shows one-component magnetization. (b) Sample shows two-component magnetization. (c) Sample
shows three-component magnetization. (d) Sample shows no stable magnetic component. In (a)—(d), the left
figures are orthogonal vector diagrams. Solid and open circles are the projection on the horizontal and vertical
planes, respectively. The right figures are normalized intensity decay curves.

LI ENTEholzlzd, KEL Y XAOHFMIIAT
H5.

5. EHBRH AT
-1 BEHE
BRI 724770 2 B0k b 5 540 24mm, R 24

mm OMAEFRHE 2 1 #5280 1L CllEzE & L,
W52 (AT R e R o & — BRI M o T MR
FEBRE TIT o 72, FREAWALK T & oy 272012, 50k
D HIRFR AL (NRM) % 58 12 By B Bl I E B &
fTo7z. BEBALOWEIIZA YT —fst R
%1 SMD-88) %, BHRELIIZBIEREEE R B
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Fig. 5. Representative behavior of thermal demagnetization experiments for Px-type pyroclastic-flow deposit. (a)

Sample shows one-component magnetization. (b) Sample shows two-component magnetization. (¢) Sample

shows no stable magnetic component. In (a)—(c), the left figures are orthogonal vector diagrams. Solid and open

circles are the projection on the horizontal and vertical planes, respectively. The right figures are normalized

intensity decay curves.

TDS-1) 2 L7z, o n#E 100T 225 500C O
PHClx 50C %I &, 500T L b Cld 30C A Theis 590C,
620C, b L <12 650C £ TiTo7c. BN EIFN O
BHE BN E T OBMMEIREIL 10nT LV TH 5. FEBRE,
TR AT (Kirschvink, 1980) 12 & 0 H5nd 72 78 it
W5 (ChRM) 20 BEL, Ol %Rz, ZDtk, K
O5HN72 ChRM O F & T EITFHL, 2612280
KW HERE Y OFERH 2 L (2 L7z, ChRM OILED
F#1X, MAD (Maximum Angular Deviation) %% 10° £ %

D &R RALE S & LCHRA L7z, P A oB I
PE R (95% Rl fags L /LT A =5 ) 1F
Fisher (1953) @ kI HE> TRD 7.

5-2 #ER

ST 72 B T BT A SR % Hb-type NREGEHEREM 12D
T Fig. 4 12, Px-type KRG 125> T Fig. 5 127K
. AEof 8 HORMETIE, < DA 400CH IR T
TOBREW CARERB L REE SN, Tl EoiRkE
TR SIS > CEAMANISIHIET 2 B— DR L5573

JIN
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Table 2. Number of samples showing each demagneti-
zation behavior.

Site Na] N()n Nrw Nth Nn()

Px-type
TS02 8 7 1
TS04 10 9 1
TSO8 10 9 1
TS09 10 8 1 1
TS12 11 7 4
TS13 10 6 4

Hb-type
TSO1 15 12 3
TS03 7 6 1
TSOS 12 6 5 1
TS06 9 8 1
TSO07 20 18 1 1
TS10 9 9
TS11 7 6 1

Total

138 111 14 2 11

Nat, number of samples oriented in the
field; Non, number of samples showing
one-component magnetization; Niw,
number of samples showing two-compo-
nent magnetization; Nm, number of
samples showing three-component
magnetization; Nno, number of samples
showing no stable magnetic component.

172 (Figs. 4a and 5a). &) @9 L OREDHETIE,
450C LT ORI 53 & & DB O E C IR 2 7 -
THEARINIIRIE T 2 BT O 2 B 25#k ) S L7z (Figs.
4band 5b). & 52O 2 FETIE, 400C PUT ORILL
SRR, 350°-450T (F0FF TS06-8) & L < 13 400°-500C
(VR TS07-L7) O #iFHCTRED 515 il ks & 2Ll
L OIREE TR A A o CEAMMIIHIES S i a0
3 AR S 7z (Fig. 4e). REmTid, BUTIZA -
THEMBMIIHEFET 2 Bk s % @k o ChRM &35,
LB, AR EORE T, B UHSOMmORED RS
ChRM D J L & RIBENIIZM 7z b &2 D > T b X
IR Z B A, MAD 725 10°Ai DL E 2 AL 5% 5
N7hro72728, ChRM % 3K 7% %2> 72 (Figs. 4d and 5 ¢).
BOHRL R T DR BER 7 DV OREVIE, HTNT
AT LITIES D E A H o 72 (Table 2).

ChRM 13 % £ D4 590C T TOMH TR E <l
L, 770y Xy 7iREH» 6200-650C THAHZ LhbH
(Figs. 4 and 5), ChRM %39 £z~ 7 4% A
FCHY, ZNPIIATIAS P EENDLEEZ DN
A, B, CRM DL, w7484 bOFa1)—H
(578C) A TAY T A ML EH-> T b & E 2
SN2 TS 2 OIS ZAL A5 %\ (Figs. 4 and
5).

F T 620 O A S ChRM Z4BEL, ZD)
L% M T8 2 L7z (Table 1, Fig. 6). aosld it KT
9.9°% 7 ), ChRM O iZi N T < FEh4 2. F
72, 2 DDA 2 R BRI S 2 T,
L5 Cdy 5 ChRM DIZ ) AMEEL S & 0 b o
HREEAY X < M TS05 Tld ChRM @ k %564 Th 5
DK LRI ST kA3 5.7, Hipi TS13 Tld ChRM O k
P363.4 Th D DR LIKEK S D kA 1.5 TH o 7.
ChRM O #3335 57 1E V3740 b IEAT R T, Hb-type ‘K
Pm R O b DIFILVE I, Px-type KR
Db DI HF NI ENETNER L, ZNHIEETRR
I T OB D HERRE Y /L (IGRF, D=#)—9.2°, I=
#557.9°) & —3 L7\ (Fig. 6). ChRM O Hi 235 /5{r
KW HER ) L 12389 5 &, Hb-type KT HERS
WIZOWT N=7, D=—27.1°, I=66.3°, aos=2.7", k=
511.2, Px-type KIEGHERWIZ OV T N=6, D=19.8°, I
=67.5", aos=4.6°, k=213.8 L7V KWFHER Z &
12 L W—3 %R (Table 3, Fig. 7). 245 2 Hit 95
% BRI NI E 2 O FTHEREN A DI (Fig.
7), AHHEEIC LT 18.0°£7.3° (46.9°£18.7°DIWAZE, 1.2°
+73°ORA7E) HEILT W5 (Table 3).

5-3 WS AT — 2 OFH

W AT & BRSO R T L0 L UTO
%5, () BRI, REGR, AEGRO
WFNTH L2200 53 ChRM O i idH AT
£ <=3 L (Table 1), Zid ChRM HHEREH D 78 & #4212
ARSI N2 EFRL TV, (2) ChRM O Hi IS5
REZBUE O M ERRES 6712 —3 L 22\ DT, ChRM (3%
T OREEFR AL TIE 2. (3) ChRM O 3b 134 5 A
X, RS 2SEZ > Th, BRHOBENRL-TH,
UK R T d v —3 2R ¥ (Fig. 7). 2
S 2 T O KRR 2 2 hs, BRiL T bH
LR L CO R nHTIZ b 59, BRI [
@ ChRM 2 MG L 722 & ARIET 5. (4) KiFiRERY
DVERETETIL, Hb-type, Px-type & b (2 WIS 22 HIR S R
EEGESHETEY, Pxtype [V TIERFIZOANTL
KEL VAPROLNL. 0O L) REPOIGERC R
BgL, WRYSESERCEE L2 L2RTHITH S
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Fig. 6. Equal-area lower hemisphere projection of site-mean ChRM directions and 95 % confidence circles for
13 sites (in situ). The present geomagnetic field direction is estimated based on the 2010 International

Geomagnetic Reference Field (IGRF).
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Fig. 7.
Hb- and Px-types pyroclastic-flow deposits.

(Cas and Wright, 1991; Smith, 1960b). L L4 TO#%HE
F2iE, ChRM (T K HERE T R | A4S S 72 ) LR Y
LBFREWALTH D EEZ D EROAEVICHA I
b, B, 2 F720F 3 B OALS R S N7z ORI
Bes & RIS LT, AR RS0
IR A FFETE v

VARG L 7o KT HERE D |2 565E 9 2 HURET B Jr A 8 &
UAREL » Z0WH % D L12, HEREWOMEEIc>WTE

E

Equal-area lower hemisphere projection of overall-mean directions and 95 % confidence circles for

Z A — IS, KA RICIEE S L RETEL O i,
HEROGHIIIN L CEEET 5. 72, R mHEEY
D X A O KGR L, IS RS
DS AFIZACP MR 2T 5 (B 21 Walker e
al, 1981). Z @728, FEIRETEUI SR 012 SR 1258
ETAHEPHENAS. Hb-type & Px-type K HEFE W
ERFEROMKRE AL, & HIHE MM Tns L
75, Hb-type & Px-type KWTiHERE) OHERE S, T Hufs
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Table 3. Overall-mean directions of Hb- and Px-types pyroclastic-flow deposits.
Site Type D(°) 1(°)  aos(®) k
TS02, TS04, TSO8,
TS09. TS12. TS13 Px-type 19.8 67.5 4.6 213.8
TS01, TS03, TS05, TS06,
TS07. TS10, TS11 Hb-type -27.1 66.3 2.7 511.2

N, number of sites; D, declination; /, inclination; ass, radius of 95%
confidence circle; &, precision parameter.

RAMN B A JET £ EENIAE U Twze v &HIIT
T&5L. ZDO/®, ChRM O FIZEHEIRIE % 17> T
B ZOZ &L, Px-type KEERHEREWIZOWTIE, R
HL Y ZADKFZRII LTV E I Enb L HFHENns.

ChRM O KIFFEIEFE & & O AL AH IR0 5
(Fig. 7) JELIRIE, Hb-type KR DB LU Px-type K%
FEOWEN LA & 72 REROZER b L < It 4
RONEETH L. HEOWE, TR SR
D12 46.9°£18.7° LT 2 LBEDH 4, HHr DI
Wil T R O (AR BB S5 TUE 22 v (Jolivet er al., 1994
Kodama et al., 1993) 2 & 06, HEAWMEZIZH D & 13F
22V, MR OB IIKELL, T AN - 3
v, iR EH%d S, ChRM O KREFHERE Z & 0 Fy
HAAZFAEEEELC LT 18.0°£7.3° L2 % <, AN H
W COBAED MU AR 155 FE (D=0°, 1=#/7 62.4°)
LV (Fig. 7) ST &6, TOEEE L S 725Kk
FEEALEEZTEW,

PLEOERRD S AFTIE, ChRM O -3 ) % K
W) Z & 12 L 72 b 0 (Table 3, Fig. 7) &, Ki%
TEEAR I LIRS O T RS A . (Hb-type 12D\ T D=
—27.1°, 1=66.3°, @os=2.7"; Px-type |22\ T D=19.8°
1=67.5°, aos=4.6°) LT 5.

6. & i
6-1 Hb-type & Px-type KEERDOER(E—ETH -
=h

RNIETIE 2 FEEH O KR HERE Y O IR (A-1 )
PHRAE L T\ b i - FIH (2011, 2015) 1F A-1 8 (ffe
B - MIH, 2015 O Layer2 #B) 12 Hb-type ARt HERE W
BIFEOERBIK G EENTWwD 2 L5, Hb-type
KIEFOWEK %, Hb-type KETEHERAVARE L, A-1 8
DI S, Z D Px-type KO KA E 72 L
7o, EOIARWIGEOMER, 2 IO KW HERT Y Ol i
WRFMNIHEERELRD D, ZIUITRK O B2 Hf
L[ITNAFIEEEIC L C 18.00£7.3° Z4b$ % 72 1) D[]
MWHolzZlhkRLTWA, L7h>T, 2HED KB

TlE— O K THEH SN0 TIlE% {, ZOmE R
WIEH S D danidy - 72,

62 MEHEROEE

TlE, HHEEHOZIZEDL SVOESEAS )N 2B
Wi, HHRRHEEZ R D N2 7200 oS miEmn =z
Ly, F 7z, ARFRA IR 2 T 30ka LLAT O 7K FEZ LR
PR SN TRV T, 57l R & BE
FEOKAEZALRLER & OXFIIZ & o TRIERHER I DT,
FREMWEETHZLEH L. 22 CTRHTIE, KOE
(EASH N & & DIKAEBALD REE % BEAE O K E 2 Lt fkh
SHAD D, Tt HWwTREOBENHBEHET 2 2
EERADL. BB, RAEEIC L SRR OZEE) 35
1T, W CHRR N 2 R R D B 720, F L
HETREOBEBMRE AL 2 2Lk TE W

572 2 D OW MG T AR M T O 7 (46.9°+
18.7°) REH L TWB Z &5, Ri ClIHfEARAD
KAEZALOMEEICEB T4, — IS, KELEICL-
TH L A MmADZEIE, HIR L Clamicm v (Eik
JE) IEEREL Y, AEIST VT () 13 &0
&< 7 A (Merrill and McElhinny, 1983). ZD72®, i
AR IR ERE D, BEEIZENS R
L EFHEEND, RAZGEEIEEICKS {, LKL
NS RBEL LN 0% BT 272012, RAZLHEE
DORFED D IEARMAHIL (B 44°N) 2 OEEICLCHE
At 20° LA D FE PR (24°-64° N) DKEZALRLEED ST .
TRAEZEALIRIE 2 AR b B BRE, BEAF ORAEZEALRRERD &
RAN AT EZEL T A EAT ML, 351220
e 50 b B TR A DY 4778103 2 85 2 BUY H
L, 2085 OmAOTIEHELEEL KDL, KiiTS
EETHOE, FE, ayy, I-—avos b7 A7,
HADLDTH%.

C IS O TRl S 7zl L AT AR ok ARk
FRZE D&, RADATEALT 2 OV LRI O E
(&, HEFRmOE S FifE (19 28°N, #122°E) T 8,800
yBP i D#5 350 4F (Zheng et al., 2014 @ Fig. 6 Z:HH),
oY 7oALY T (#62°N, #34°E) T 11,800 yBP
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Fig. 8. Paleosecular variation declination record derived

from volcanic rocks in western North America (see
Hagstrum and Champion, 2002, for details). The
shaded region indicates the minimum time period for
47° declination change. Modified after Hagstrum and
Champion (2002).

A2 DK 200 4- (Bakhmutov and Zagniy, 1990 @ Fig. 9 2%
M), 3=y b OAY 2 =7 (#64°N, #19°E)
T 2,400 yBP Hif4MDKJ 250 4 (Snowball and Sandgren, 2002
D Fig. 8B ZHR), b7 A1) #VEEO+ L T M (K 43°
N, #119°W) T 11,350 yBP Hif4D#5 100 4 (Hagstrum
and Champion, 2002 @ Fig. 5 1), H AR HEST 4,600
yBP Fi % D# 350 4E (Hyodo ef al., 1993 O Fig. 11 Z:H)
Thb. L7zhoT, WAOEALI RS HEDIEILT »
) AVEERD F L T VIO KEZAL (Fig. 8) T, T D
ZALEE I B L Z 047 /yr L RAEL SN L. T O L
ErHwd e Hoh 2 oohEs i oRAET
55D 46.9°£18.7° % E L S+ 5 OICLEREFRNIEH 100
+40 F L b, DLEDOERD S AR TIL, Hb-type &
Px-type KREHE O M IR 1235 48 CHY 100 £40 4F D 72 8
HobEHET D,

gk - AT (2012) (FEERFE AV 7 7 R OB EE
R7YBDITOWT, 2 FEEHO KR OIS L7
HEE~ 7~ OEED Hb-type 122V TH 6-9km, Px-
type 122V THI 6-8km L 2 1), IZIZELTHD I &H
5, WMEFZENZNWHIZLZHDOTIELRLL12THo 7
EHE LT, OB L, Px-type HEH < 7 < Ol
J& (800°-810T) %% Hb-type ® Z 4L (750°-770C) £ V) &
WELHNE, Hb-type KE O~ 7~ iRAIZL 5T
HERE~Y I YOREN EA L2720 TH S LR,
K EMER OB BB AR IUE, IRERF L~
TXWTH w2535 7% & LC, Hb-type HiFR
B~ 7 <5 Px-type EEE~Y 7~ ~BLTE 5% & Fik
L7z, RWIZE0MERE, 2 FEH O KBGO O MR
THI 10040 FEOFFHIHIBR2SH 5 Z EASH S M2 D

kT

CNRERE~ 7<) ICET A8 - fIH 2012) ©
ETNVEFHINTH 5.

7. B bH VI

KE LR 7 V75 2L, Hb-type KB O
WK, A7 < & D 100240 OB &2 A, Px-
type KIFROMAKAEE 72, T L, BT IRK
oM T O~ 7Y A7 2220 TilmT A8, HlfS
Hr5 25 5% FEXHERT 572012, Hb-type
KWEGTHEAR W O MRS SER 2 W L, BAREY 72 BE I IR 2
Ko D UENH B

B 4

KIfFea D B IZH 72D, M RO R A S
Bh LU~ I YERREOREREOERIZIE, &3
F—THWERER Y LTV nie, Mo LiEK
T, OSBRI, AR EB LU0 A
F 3 7 AR O RFEBA RS S 1F, BERALIZD
WTO TR - ISR 8L wiz2wnie, B, KK
YR & AT IR R R A T W E,
72 EADAFR R TIRiEE L Qw2 wi, WEHRHAET
1Z, BV RE R o H AL AL S BURHRIL D B F{mw
T LTCWiwi, BHEETHDLEHNEZK, e
K, BIUOWEARL LTS BEFZR, ER
N OBEE 22 X > ML o T, BRI s
ENz. AWFRET) ICH2Y, AEHEEA AR
B & ORI EHAIF B X A O — i 2 L
7o, REIMENLABANOEHFIUIOWTIE, B4 L
TALFOFT 2172, 2o 410 SR L7
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