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Abstract: Numazawa volcano is an active volcano located in the western part of Fukushima, NE
Japan, 50 km behind the volcanic front. New stratigraphic and dating study shows that the products
of this volcano are composed of the Shirifukitoge rhyolite pyroclastic deposit corresponding to the
Shibahara pyroclastic fall deposit at ca. 110 ka, the Mukuresawa rhyolite lava dome at ca. 70 ka, the
Mizunuma dacite pyroclastic deposit at 45 ka, the Sozan dacite lava dome at ca. 40 ka, the Maeyama
dacite lava dome at 20 ka, and the Numazawako dacite-andesite pyroclastic deposit at BC 3,400.
Total volume of the Numazawa products is about 5 DRE km?. This volcano erupted 1 DRE km?*
magma during the first 60 thousands years, but 4 DRE km?® magma in the last 50 thousands years.
The increase of magma eruption rate was caused by the increase of magma production rate.

Keywords: Numazawa volcano, active volcano, Fukushima, Japan, '“C age, fission track age, eruption rate.
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Fig. 1. Geologic map of Numazawa volcano. Numerals are locality numbers. The Shirifukitoge pyroclastic deposit is only
exposed in Loc.1. Latitude and longitude values are referred to the Tokyo Datum.
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Fig. 2. Distribution of the Shibahara pyroclastic deposit (Nm-SB). Numerals are measured thickness of the fall deposit in centimeters. Modi-
fied from Yamamoto (1999b) with additions of data. Latitude and longitude values are referred to the Tokyo Datum.
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Fig. 3. Teohrostratigraphic section at Shirifuki-toge (Loc. 1). Nm-
NK = Numazawa-Numazawako pyroclastic deposit; Nm-
MZ = Numaszawa-Mizunuma pyroclastic deposit; Nm-SR
= Numazawa-Sirifukitoge pyroclastic deposit. Other abbre-
viations are same in Table 1.
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THIRGZ TR K - THIRATH K O R Bt=H 220 Cpx= AW ; Cum= 73V 7'+ VP4  Hh=¥8 A X117 ; Opx= 15

WA Qz=h5; [ =005y e=1LJT (1995) sf=1L7C - 26k (1996) ;g=ILJT (1999a) ;h=IL17C (1999b) ;i=1L7T- PRI (2000) .

Table 1. Characteristics of the Numazawa-Shibahara and Numazawa-Mizunuma pyroclastic deposits. Bt = biotite; Cpx = clinopyroxene; Cum
= cummingtonite; Hb = hornblende; Opx = orthopyroxene; Qz = quartz; [ ] = minor component; ¢ = Yamamoto (1995); f = Yamamoto
and Suto (1996); g = Yamamoto (1999a); h = Yamamoto (1999b); i = Yamamoto and Sakaguchi (2000). See appendix for the localities.

Unit Sample  Loc. Mineral composition Refractive index mode Ref
Glass (n) Opx (y) Hb (n2) Cum (n2)

Nm-MZ Nm-MZ 2 Hb> Cum, Bt, [Opx]; Qz 1.498-1.499 (60%) 1.670-1.673 (80%)  1.659-1.661 (60%) e

Nm-MZ BANI107 18 Hb > Cum, Bt, [Opx]; Qz 1.499-1.500 (80%) [1.703-1.716 (100%)] 1.669-1.672 (70%)  1.657-1.660 (60%) f

Nm-MZ YNI101 12 Hb > Cum, Bt, [Opx]; Qz 1.499-1.500 (90%) [1.707-1.713 (90%)] 1.672-1.678 (90%) 1.658-1.661 (90%)

Nm-MZ AM202 15 Hb > Bt, Cum, [Opx]; Qz 1.498-1.499 (60%) 1.672-1.674 (40%)  1.659-1.662 (50%)

Nm-MZ Ht102 25 Bt, Opx, Hb, Cpx; Qz 1.495-1.498 (90%) 1.710-1.714 (70%) g

Nm-MZ AD206 21 Hb > Cum, Cpx, Opx, 1.499-1.501 (60%) 1.701-1.709 (100%) 1.671-1.673 (50%) 1.659-1.662 (60%) i

Bt; Qz
Nm-MZ HB102 17 Hb> Opx, Cum, [Cpx, Bt];  1.499-1.501 (100%) 1.702-1.714 (100%) 1.671-1.684 (90%) 1.657-1.662 (100%)
Qz
Nm-MZ KR101 22 Hb > Bt, [Cum, Opx]; Qz [1.713-1.717 (90%)] 1.671-1.686 (90%)  [1.656-1.658 (30%)]
[1.660-1.665 (70%)]

Nm-MZ KR202 24 Hb, [Opx, Cum]; Qz 1.495-1.498 (100%) [1.715-1.717 (100%)] 1.670-1.689 (100%) [1.660-1.663 (100%)]

Nm-SB  Nm-SR 1 Bt>Hb, Cum; Qz 1.497-1.500 (100%) 1.671-1.692 (100%) 1.661-1.667 (100%)

Nm-SB  AM102 15 Hb > Bt, [Cum]; Qz 1.496-1.498 (90%) 1.681-1.687 (70%) h
1.674-1.676 (10%)

Nm-SB  NT102 14 Bt, Hb, [Cum, Opx]; Qz 1.496-1.499 (60%) 1.674-1.678 (50%)  [1.664-1.667 (80%)]
1.684-1.688 (40%)

Nm-SB  KM101 16 Bt>Hb, [Cum]; Qz 1.496-1.497 (70%) 1.682-1.685 30%) [1.661-1.665 (70%)] h
1.673-1.675 (20%)

Nm-SB  Ht106 25 Bt>Hb; Qz 1.497-1.498 (60%) 1.680-1.689 (60%) g
1.673-1.676 (30%)

Nm-SB  NASI105 26 Hb > Bt, [Cum, Opx, 1.496-1.498 (70%) [1.703-1.708 (70%)] 1.675-1.687 (100%) h

Cpx]; Qz
Nm-SB  KR104 24 Bt > Hb, [Opx, Cum]; Qz 1.496-1.498 (60%) 1.673-1.686 (100%) [1.660-1.665 (100%)]
ERFR S22 THPCKLBE T HERIY OO 25 e IR T R (A) & /A

KGREGEORBHOD LAY H6IE,71£16 kad
T4y ay b7y ZHERMERE SN TS (3% 1LTT,
1999b) . Z DA IE LA D KA KIEHER OV AR LD
SHBITEL R EEFITL T, FLkis K Wk i
P& O EO R BERIIIER T 0D REHERE, 6
KEHOH N LR ThrEHMrEh .

2.3 KBREBRHEY
FEEM

KKFEHERYNE TR 25 2= b I~1I1 DO3BIZ[K ) &
N ARTEL TRERA Y 7N RGEE ARG T A5
AMEAE S L (1LJC,1995) . gk - FH (1994) DIHR
-EIT 7 IEFCED TH DA, M 413 A -

(Vmin) . Vmin = 3.69 TA (Legros,2000). T = /% ; DRE V
=E IR AR,

Table 2. The area enclosed within an isopach (A) and the minimum
volume (Vmin) of the fall deposits from Numazawa volcano.
Vmim = 3.69 TA (Legros, 2000). T = the thickness of an
isopach; DRE V = dense rock equivalent volume.

A (km?)
T (cm) Nm-NK IV|Nm-NK TI|Nm-NK I Nm-MZ |Nm-SB
2 1.1E+03
4| B88E+02| 6.6E+02| 2.6E+03
8| 5.1E+02| 4.3E+02| 9.4E+02|2.8E+03
16| 2.0E+02| 2.7E+02| 2.0E+02|1.5E+03|3.0E+03
32| 4.9E+01| 1.5E+02| 1.0E+02|6.4E+02|9.6E+02
64 6.3E+01 1.6E+02| 2.0E+02
Vmin (km’)|  2.E-01] 2E-01| 4E01| 9E-01 2E+00
DRE Vmin (km’)]  5.E-02]  9.E-02] 1.E-01| 4.E-01| 7.E-01
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Table 3. Results of fission track dating on zircon from the products of Numazawa volcano.

Location/  Number Spontaneous Induced Dosimeter
Sample # of grain ps [Ns] pi [Ni] pd [Nd] r U Agetlo P(Xz)
(10°%/cm?) (10%cm’) (10*/cm’) (ppm) (ka) (%)
Sozan Lava (Loc. 4)
GSJ R78273 200 242 [11] 1.91 [8689] 10.32 [2643] 0.142 190 43£13 17
Mizunuma Pyroclastic Deposit (Loc. 2)
GSJR61242 138 3.87 [13] 2.10 [7068] 7.42 [1142] 0.296 230 51+14 20
Mukuresawa Lava (loc. 2)
GSJ R68574 81 4.78 [7] 2.27 [3329] 8.15 [1256] -0.069 220 64124 0
102 6.95 [12] 2.79 [4817] 8.142 [2501] 0.397 270 75422 99
Mean 7116
Note:

(1) p and N are density and total number of fission tracks counted, respectively.

(2) All analyses by internal detector method using ED2.

(3) P(x’) is the upper y” tail probability corresponding to the observed ¥’ -statistics.

(4) Age calculated using dosimeter glass SRM612 and T = 35243 (Iwano & Danhara, 1998).

(5) r is correlation coefficient between ps and pi.

(6) U is uranium content.

(7) the total decay rate for 2*U: AD = 1.480x10™ / yr.

(8) GSI R78273 : this study; GSJ R61242: Yamamoto (1995); GSJ R68574; Yamamoto (1999)
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Fig. 4. Distribution of the Mizunuma pyroclastic deposit (Nm-Mz) unit II. Numerals are measured thickness of the fall deposit in centimeters.
Modified from Yamamoto (1995) with additions of data. Latitude and longitude values are referred to the Tokyo Datum.

2.4 BBAE
FfhEAN

RIEFZEIGALTEIZ 5 B L5816 mD L4 K E $
HEERL kmDBEER — 25853 BEF—2DBHED I
EEARI360 mTH S, HEIGHNZ AL 725855 13K EEE L C
o Ty dbRmicRBeasiEh dbmd it
TROTHIEN TS,

A REREA R R RDEA 8 A P a7
A AL OBIRIEE NS5 I EISITRERIKEDOE DL
HOWRBEDOEDH &30 B AR DHITKEREND
1375, B FEDRDIFERETOBRL 2 R BWL O FLE H3 5k
W E 72 KRR LS e T OB E/AAEM I35
IZEENTWA P TI BMEL TRIED RAER
4.8 mm) , % (RAKEF2.6 mm) WEAKG RA
Eft2.6 mm) ,#AEA (R KRFELS mm) |, HENHEA
O K Ef£1.2 mm) 880, BER (R KE%1.6 mm) %

EGHLEORIIIDIETHEL LS. FHERA BRSO —
IZVEEDBOENE N ks ATEE TH S, WA
PIABERIEE L WERIL A2 B E- ka2 Gtk s
L WHAMBIEFITNE N, 2 A AMEE D B
REBEASIC RN 7S A Mg A4 U T s, e Bl
AR ICE REL AR5 Nh 5, f13kid, v 4o
Tx Y T4y 7k E R,
YIYEHE

RIS DFRAT T B1ILAR DS S5 6 25 M 6 Pl ifii & Jf
ELTCRD72ARMIZ,3X10" DRE km® CHAZEE=2.4
g/cm®) ThHD BRENCH T2 KABELL THE 728
SHZOWTUT IG5 kb E e 5 X512
EL T3,
R ER

KBEPSIT, 43213 kaD VA aY T4y g/ bTw D
ERBESNT (BE3E) . ZOMIE A KHER O )

—329—



WEEH AN 20034 H54°% $9/10 %

BHERBEERREOHP] T —HKL T3, %72 liH O T
BRI B FRUE CI s &0 1JT (1995) TIZHR
WAEDELS T A AME S B AREKEHE R SR B s
ELTEENDZENS  KIHKEHEREYE T 49 A M
AF—ABEXDEHLVWEDEL T2 LAl , A A
5 O KPR O Y TR S L30T b
52 & 62 vE S Hk O A B E B % KRG K HE
B P SHERL TOWEWIENE ZDEZER LK
WL AR Tl E AIRIE R OB Th B LT
L kL.

2.5 BiEEIAEHEREY
S EER

AKBEHE RN B L IWT YHIRC B 2 3E B0 1k oD e P
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B3, . BENDTAFANKLNERIZZ AT, 2Dk
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Ta) T 4y 2k EE D,
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KAEHERE O B AU K0 370 ARG 2 =
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WREERSERIFABINZIFEALE LW,

BT TIE BEHELTRIEA (kA RE$3.2 mm) , A5
(K ER3.2 mm) @ ANG (RKEFL7 mm) &5
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AR TR KIEHERY) - VEIR-A AT K RHERE ) e O\ S I BAR 9 B HER D TR M i R 4 AIE
HER . AMS= I & it 73 BT s Rad =N — G I  a=HER i D BRALY s b=HER DAY S
c=HERI DI £ 58 d=HERW T O & I3 SRua i3 X% 2.

Table 4. Result of “C dating for the Numazawa-Mizunuma pyroclastic (Nm-MZ), Numazawa-Numagozen
pyrocalstic (Nm-NG), and related deposits. AMS = accelerator mass spectrometry method; Rad = radio-
metric method; a = charred material in the deposit; b = wood in the deposit; ¢ = organic sediments in the
deposit; d = organic sediments blow the deposit. See appendix for the localities.

Unit Sample | Loc | Method [Material| "“C age (y BP) [8"C (permil) Calib];;;f%j];;c age

Nm-NG 1013-8 7 AMS b 19910£150 -27.0 19880+150
Middle Terrace AB201 23 AMS b 42200£1160 -28.2 42150£1160

Nm-MZ Mz01 9 AMS a 419501040 -23.7 41970£1040
Middle Terrace | AB108 22 AMS b 44970£1030 -27.2 4493041030
Middle Terrace | AB107 22 AMS c 45270+1540 -28.9 45210+1540
Middle Terrace | AB109 23 AMS c 46410£1760 -28.0 463601760
Middle Terrace Mz02 9 AMS b >49350 -27.6 >49390
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PAMVEE B R S p TS R AR L 2 RS -
KWEEOREER L EEFh T, K2 = 9D kHE
WHE RS E M A~ ML S A e 0 — D
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Fig. 5. Distribition of the Numazawako pyroclastic deposit (Nm-NK) unit I. Numerals are the thickness in centimeters for

the stratified surge facies. Nmk = Numazawako.
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Fig. 6. Distribution of the Numazawako pyroclastic deposit (Nm-NK) unit II. Numerals are measured thickness of the fall deposit in centime-
ters. Modified from Yamamoto (1995) with additions of data. Latitude and longitude values are referred to the Tokyo Datum.
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Fig. 7. Distribution of the Numazawako pyroclastic deposit (Nm-NK) units III and IV. Numerals are measured thickness of the fall
deposit in centimeters. Modified from Yamamoto (1995) with additions of data. Latitude and longitude values are referred

to the Tokyo Datum.
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558 IRPRAIGINAI K T BIZBFR§ HHERI O S e R CREERS R Ad - NTS="2¢1E K Ry~ F50 4 (Lioe- BRIt
2000) ; Az - Is=E-— UM W Az - K= 28V LI (110C,2002) | OB 513 554R L FC . RN EI X% 2

.

Table 5.Result of '*C dating for the Numazawa-Numazawako (Nm-NK) and related deposits. Ad-NT5 = Adatara-Numanotaira 5 ejecta (Yamamoto
and Sakaguchi, 2000); Az-Is = Azuma-Issaikyo ejecta; Az-Kf = Azuma-Kofuji ejecta (Yamamoto, 2002). Other abbreviations are same
in Table 4. See appendix for the localities.

Unit

Sample

Loc

Method

Material

“C age (y BP)

§"C (permil)

Calibrated “C age
(y BP)

Calendar age

Intercept age

Recent Fan

1013-7

6

Rad

b

2640+60

-25.7

2630+60

20 (95%)

BC900-770

10 (68%)

BC820-790

BC800

Az-IS

915-09

19

AMS

4350+40

-25.7

434040

20(95%),

BC3030-2890

10(68%)

BC3000-2980
BC2940-2900

BC2920

Ad-NT5

Ad-NT5

20

AMS

4550+40

-26.2

453040

26(95%)

BC3360-3090

10(68%)

BC3350-3310
BC3230-3110

BC3340

Nm-NK

Nmk03

Rad

4460£70

-26.9

4430£70

20(95%),

BC3350-2900

10(68%),

BC3320-3220
BC3120-2920

BC3080,3060,
3040

Nmk04

Rad

4490£70

-24.6

449070

20(95%),

BC3370-2920

10(68%),

BC3350-3030

B(C3310,3230,
3110

NmkO06

AMS

4610£50

244

4620+50

20(95%),

BC3520-3340

10(68%),

BC3500-3450
BC3380-3350

BC3370

NmkO05

Rad

4640£70

-26.2

462070

20(95%),

BC3620-3580
BC3530-3270
BC3240-3110

16(68%)

BC3510-3430
BC3390-3350

BC3370

NmkO1

Rad

4740£50

-26.9

4710£50

20(95%),

BC3640-3360

16(68%)

BC3620-3580
BC3530-3500
BC3460-3380

BC3510

Nmk02

Rad

475090

-24.3

476090

20(95%),

BC3700-3360

10(68%)

BC3650-3500
BC3450-3380

BC3620,3580,
3530

Az-KF

915-11

AMS

4780£60

-26.7

4750+60

20(95%),

BC3650-3370

10(68%)

BC3640-3510
BC3430-3390

BC3620,3590,
3530

915-10

AMS

4770140

490040

26(95%)

BC3760-3640

10(68%)

BC3700-3650

BC3660

Lower Terrace

TLO1

AMS

534040

-15.2
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20(95%),

BC4380-4320
BC4290-4260

10(68%),

BC4360-4330

BC4340
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A ,1991) . ZOHEEEIL  DKPIE F eI 8 st
HEREHIvh D BALAF D AMSH S i FEAEAAE 52 ka (h
1A ,1992a) ,DKPEL L& X B4R )1 e M i &
O HE R O AMSTOHHE B FRAEAUES0 ka (PAHIE A

1992h) & R<—%¥ 5. LA»L,ZODKPOERIZ S [H D
ABNKHER DFERAE XS 2 FTETE8D TH
5. WThOERIEE IELWET 545 HERDfDOEZ
MZDKPO T A R BfROFREICEH KA MEW 1 H 5
Z&lZk 5,
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41 BFEFREAERR
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Loc. 18

Loc. 22 Loc. 23

Loc. ~=== Bn-ObE —
My e Eeatd - =< Bn-HP1
VNN 232543 Bn-ObE - - -| (KR201) 4 A 8] Bn-HP1
A '-'.-f on ///
A A /ﬁNm-MZ(KHmm
A A el _AB107
4 _Alnm- 4245 Bn-HP1 - —[¥45.210+1,540 yBP
Nm-MZ ATA
A . A A AB108
2Mla A a® 29 44,930+1,030 yBP
SA A A 1. AB201
4 A 42,150+1,160 yBP
4 e 4 5 23
.4 - 4 970+1,040 yBP b NM-MZ
PP — S—
Al hetetan BN-Kb s ==
T3 / — —1._AB109
im_| DKP Ry 1 46,360+1,760 yBP
Nm-MZ Ak-OK(KR203) m
ﬂ e A
Mz02 reseses Bn-KbE [ A
>49,390 yBP AR
Oom_|
EXPLANATIONS

black soil (kuroboku)
D volcanic brown soil
El massive or laminated silt i

S

R lignite

massive or laminated sand
L massive gravel

14C sample

pumice flow deposit
pumice fall deposit
lithic lapilli fall deposit
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Fig. 8. Tephrostratigraphic sections intercalating the Numazawa-Mizunuma pyrocalstic deposit (Nm-MZ). Ak-OK = Akagi-Okkai fall deposit
(Suzuki ez al., 1995); AT = Aira Tn fall deposit (Machida and Arai, 1992); Bn-HP1= Bandai-Hayama 1fall deposit; Bn-HP2 = Bandai-
Hayama 2 fall deposit; Bn-KbE = Bandai-Kobandai ejecta; Bn-ObE = Bandai-Obandai ejecta (Yamamoto and Suto, 1996); DKP =
Daisen-Kurayoshi fall deposit (Machida and Arai, 1995). See appendix for the localities. Details of '*C ages are shown in Table 4.
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Fig. 9. Distribution of the calendar ages for the Numazawako py-
roclastic and related deposits in Table 5.
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Fig. 10. Cumulative magma volume versus age for the products of Numazawa

volcano.
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No Latitude,N Longitude,E No Latitude,N Longitude,E
1 | KBEBE ILAT Rk I 37° 27" 2" |139° 32' 29" 14 | KBEBFBAHEEH) 37° 30" 9" |139° 48' 46"
2 | KBELIUATRWRIER®R |37° 26' 52"  |139° 32' 44" 15 | KBEB<EZSHETE=E |37° 25' 43" |139° 50' 8"
3 | KBERE ILATKEE L 37° 27' 51" |139° 33" 3" 16 | REEWRHEE 37° 24' 9" |139° 56' 12"
4 | KBEB& ILATAAL 37° 27' 40" |139° 33' 31" 17 |ERAREBILIE E 44 B HaiR 37" 43' 43"  |140° 4' 44"
5 | KBE&ILET A 37° 28' 50" |139° 33' 53" 18 \ERFFEBIEE BT RiEME |37° 35' 22" |140° 6' 18"
6 | XBESE ILHETBIR 37° 26' 34" [139° 34' 51" 19 |fBREBHEEZEXA A T/C4> |37° 43 58"  |140° 16' 13"
7 | KBEEILETBIR 37° 26' 39" |139° 35' 4" 20 | Z AT EME 37° 36' 59" |140° 18' 45"
8 | KBER=BHET/NES 37° 28' 6" |139° 35' 46" 21 | REFBLZEMILA F L 37° 37" 36" 140" 24' 14"
9 | KBEH=BHTREF 37° 27" 51" [139° 35' 50" 22 |EBILT B 37° 27' 16" |140° 22' 47"
10 | KBEB=EHET XA 37° 26' 38" |139° 39' 40" 23 |BBIUTHEA L 37° 25' 36" 140" 22' 14"
11 [ABEBHNEAT & T 37° 26' 44" 139" 43' 1" 24 | EIUTH=FEH 37° 20' 45" |140° 15' 48"
12 | BEBMN AT IR 57 37° 28' 26" |139° 44' 47" 25 ‘BB REFHTIS 37° 17" 6" |140° 3' 55"
13 | BRI IR TRT A 37° 35' 39" |139° 48' 51" 26 |BR/EEBHB/ART A A i 37° 0' 25" |140° 8' 20"
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Appendix . Index map of outcrops. Latitude and longitude values are referred to the Tokyo Datum.
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