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Takahiro Yamamoto (2006) Quaternary volcanoes in the geological map of Japan 1/200,000, Shirakawa,
NE Japan: new evidences on the stratigraphy and radiometric ages. Bull. Geol. Surv. Japan, vol. 57(1/2),
p.17 - 28, 7 figs, 3 tables.

Abstract: In this paper, I mention new evidences on stratigraphy and radiometric ages from Quater-
nary volcanic rocks in the Shirakawa Quadrangle, 1:200, 000. 1) The Aizu-Nunobikiyama volcanic
rocks are newly named for dacitic and andesitic volcaniclastic rocks and lava flows beneath the Early
Pleistocene Shirakawa pyroclastic flow deposits in the western flank of Mt. Aizu-Nunobiki, Fukushima
Prefecture. The fission-track age of zircons (FT age) for these rocks is determined as 1.4 + 0.2 Ma.
2)The Shirakawa pyroclastic flow deposits consist of the Kumado, Ashino, Nagurasawa, Nishigo and
Ten-ei ones, in ascending order. The FT ages for the Ashino pyroclastic flow deposit in the Ashino
area, Tochigi Prefecture, and the Sukagawa area, Fukushima Prefecture, are 1.1 + 0.2 Ma and 0.96
0.21 Ma, respectively. The later age is younger than the stratigraphic age (1.4 to 1.2 Ma) for the
deposit. The FT age for the Ten-ei pyroclastic flow deposit in the Kitsuregawa Hills, Tochigi Prefec-
ture, is 0.94 + 0.20 Ma. 3) The FT age for the Kamafusa pyroclastic flow deposit is determined as
0.41 £0.13 Ma. 4) A debris avalanche deposit exposed along the Tosasagawa to Naka River between
the Otawara pyroclastic flow deposit and the Kuroiso debris avalanche deposit is newly named as the
Yosasagawa debris avalanche deposit. This deposit is intercalated with the fluvial terrace deposits in
the MIS 8 stage. 5) The “C age for the Yahata unit of Nasu-Chausudake volcano is determined as
8,740 = 40 yBP.

Keywords: Shirakawa, 1:200,000, Aizu-Nunobikiyama volcanic rocks, Ashino pyroclastic flow deposit,
Ten-ei pyroclastic flow deposit, Kamafusayama puroclastic flow deposit, Yosasagawa
debris avalanche deposit, Nasu-Chausudake volcano
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R E BB 2S£ # — (Research Center for Deep Geological Environments, GS])
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Fig. 1 Topographic image of the western part of the Shirakawa Quadrangle, 1:200,000. Numerals are locality numbers.
Solid lines are the margins of the Early Pleistocene calderas. A7= Narioka caldera, Oz = Ono caldera. The image
has been made using the digital map 50 m grid (elevation), from the Geographical Survey Institute, Japan.
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F2lX XA IO, An =235 KLY, Ba =HHiEa (P 2 74 - Afifd) ,
W) . Sr =P WRHERIYITE, Tk =) (o i) .

1/25,0000 [PLEWMI] O —#8 % i,

Fig. 2
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=k APRE (8%
ﬁ%i%ll%ﬁﬁﬁﬂ) & [E IRk,

Topographic map around Mt. Aizu-Nunobiki. 47 = the Aizu-Nunobikiyama volcanic rocks, Az = basement rocks (Jurassic to

Cretaceous), /77 = the Jonoirisawa Formation (Late Miocene), 57-= the Shirakawa pyroclastic flow deposits, 7% = the Takagawa
Formation (Late Miocene). See Fig. 1 for the location. Part of the topographic map Hatoriko, scale 1:25,000 by the Geo-

graphical Survey Institute, Japan.

LCED, 720 a{T-> 7. 72, HWKBR
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Eh (1995) R1LTT - £ (1997) Tl X hTwb
DO, IS A S 5 B E % 72 W HERU O Fg e 12
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PZHRIE LT d . ARKILEAD L 2 1I0KIE 5842125
e <o HIEMNZKLIMZEES Kb Tnhs,
ZOKIE BN L 721078 (1991) R1LIC - 5
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DFRAIIVEEMTLEORMEE 2 >, Ak v
g =4 — LR AR,

hva

5]
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Jaramillo geomagnetic polarity

0.99 Ma

Concealed unknown caldera

Ten-ei Pyroclastic Flow

(N)
Hb-bear Opx Cpx dacite

0.92 +0.25 Ma (GSJ R66831)
0.94 +0.20 Ma (GSJ R80588)*
0.96 +0.18 Ma (GSJ R60143)

1.07 Ma

Nishigo Pyroclastic Flow (R)
Opx Cpx Hb dacite

1.02 +0.16 Ma (GSJ R66830)

Nagurasawa Pyroclastic Flow (R)
Hb Opx Cpx dacite
1.19 = 0.20 Ma (GSJ R80584)

Oshiramori Lavas

R)

Hb Opx Cpx dacite

Kasshi Volcanic Rocks (R)

Opx Cpx andesite

: : 0.96 £ 0.21 Ma (GSJ R80585)*
Ashino Pyroclastic Flow (R) 1.1 + 0.2 Ma (GSJ R80586)*
Hb-bear Opx Cpx dacite 1.2 £ 0.1 Ma (GSJ R60147)
1.4 +£0.2 Ma (GSJT R60146)

E:
Kumado Pyroclastic Flow R) 1.1 +0.2 Ma (GSJ R80583)
Opx Cox daci 1.3 +0.3 Ma (GSJ R56951)
px Cpx dacite 1.47 +0.09 Ma (NEDO, 1990)

Aizu-Nunobikiyama Volcanic Rocks

Opx Cpx dacite and andesite

1.4 £0.2 Ma (GSJ R58267)*

Caldera fills

: Stratovolcano

3 AN ERHERIR O e & B, N =1Ewi, R =W, Cpx =HRHis
Opx =Fbh¥if, Hb =@ MKa, Fm =%, * =A#L. 1LociEs» (2006) 12k 5.

Fig. 3

Stratigrapghy and radiometric ages of the Shirakawa pyroclastic flow deposits.

N=normal geomagnetic polarity, 2= reverse geomagnetic polarity, Cpx = clinopyroxene, Opx =
orthopyroxene, /Z5 = hornblende, /7 = Formation, * = this study. Modified from Yamamoto

et al. (2006).

1992 ;Loc. 1) 7 51.4+02MadD VLIV - T 4y
Va3V by sERERICE. (Tablel). ZOF
A, LALORRF - 5 K HE R o 4R (Fig. 3)
LEEDOHPTELE > TWE, LT, FERIIC
AL AW HE R T & A2 2 D o i
WHOEDTHBZENWEIZE 572,

2. 3. &R
AKILE O oy AP (1355 B A & W L 7235

DANDY HILF IO HILTF 5% 5894 km Pl it 7-
MEIZd 5. KIEOBEHIE MBS h2#E &0 0
WUHER D HBS 2 Z & 6 Kilfkodbr 5 ih 7
B 725 Z LI3MEFETH 5. WL POHDIERRNE
KoThBOoTALTINIZBELTWBEIDE Lk
W, MERRR & ERE D S AR & AR HEREY)
HWOXANT 7 KIUAD 8 A B Z L EAEETH B0
& Ly il ORIKB RS ARIHIETH % D T
mElkilie UTHOARRTIFERZ &1L 72,
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Table 1 Fission track ages for zircons of the Quaternary volcanic rocks in the Shirakawa Quadrangle.
Sample Loc. Number Spontaneous Induced P(c?) Dosimeter T U Agetlo g
of grain ps [Ns] pi [Ni] (%) pd [Nd] (ppm) (Ma)

Kamafusayama pyroclastic flow deposit

GSJ R80587 3 30 1.57x10* [10] 1.06x10°  [672] 97 8.018 [4105] 0.757 120 0.4140.13 37245
Ten-ei pyroclastic flow deposit

GSJ R80588 9 29 5.33x10* [22] 1.60x10°  [661] 17 8.136 [4166] 0.087 190 0.9410.20 35043
Ashino pyroclastic flow deposit

GSJ R80585 2 30 6.96x10* [22] 2.01x10°  [635] 92 8.025 [4109] 0.654 240 0.9630.21 37245

GSJ R80586 5 30 1.11x10° [57] 3.10x10°  [1592] 38 8.852 [4532] 0.561 290 1.1£0.2 35043
Aizu-Nunobikiyama volcanic rocks

GSJ R58267 1 30 1.20x10°  [103]  2.63x10° [2253] 60 8.34 [1285] 0.515 250 1.4+0.2 37245
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(3?) is the upper y” tail probability corresponding to the observed y -statistics.

(4) Age calculated using dosimeter glass SRM612 and { = 37245 (Danhara et al., 1991) or 35043 (Danhara et al., 2003)

(5) ris correlation coefficient between ps and pi.

(6) U is uranium content.

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

3. HAKBRHEEME

3.1. MF LA < % <5 ED
A KW HERRR L, FRi2 SR - =% - mANR -
PEHE - RACKBFHER D 2> & & 5 (Fig. 3; & - &A8
1991 ; 1LJC - F M, 1992 ; (7T, 1999a). Zh oDk
Wt HERE Y13 1/20 )7 [l ) XD b 3k o AL P ok 1 Ll T4
125 BHTE R 7 L7 5 B (Fig. 1) 2480 LTH
D, B KFERHERN 1.4 Manife, 728 A v HE R
Wid1.4 ~ 1.2 Ma, FMAIKRRHERYIZ1.2 ~1.0
Ma, PEAR KPR HER 13 1.0 Ma gtk , KAWL iR HERY
M31.0~0.9 MalZlEH L 728D Td 3 (1LJT,1999a;
(ICIEA, 2006) . F 7z, KR KFHERED A 1L C
HBIENE, WTHOHERED G WL T\ b,

R K HE RS, R AHEEDES 74 A b
BOWER U 728 A EIKFREE - KILIBERR S 05 75 5 .
HKRE I3 150 m L BT, @i KSR 0 1 8 1 f 2
THRHZE W, B O RS IR AR P MGER O Tl
ANKWERHERE O T AT & 1.4 mOFE T AW & #oo
TWa, KKBRHERDORBIEE, 1/5 )7 [HE ] XiE
Mk (172077 [HYE] Mgk L si%) o/ 7L
5% (On; Fig. 1) T&% % (lJt, 1999a).

PR MR, A PIG R A RN A T A
P A MNEOBAEEIK A - KIUBEEIRE» 550,
[THE - TEH] XEbISRIZ 5 2 3EHEOBEDOND D L
7 7MNTL1,000 mLL L (1WJE, 1999a), # LT 74T

o

wRA100 mDJEEAFFD. 172005 [EW | X %A
T AT I A G A DA D RS U 72380 A %0,
X D W A IR ZERT 25 I FE A Tld M o [H 5 A
E LTSN TS, AR HER R O T
LR O RS D0,

AP IERHE R &, AP R AN G 7
434 FNEOIEBER OO KBRS » 655, K
KWEFRHEFRE B DO ND D AL T FilEH T, Ao
FE B I TR F A TR 200 m O E A Fi B o~
DD HNT 7 MR EREIZEH > TS, HL
7 7 Ab A S R g (17200 [THE] X
M H 3k ) 2 AN EX G b sk P D AR ZE K LR S A © A
VLARZEM] 25 8 J N o A 9 B A%, AgE IR A 2 & 28
BINTHIZ 20 TOREIZIE A L&,

VYRR A SR HE R, B A HLURDIE A A PO
HHE OB (BRI EIEERS) U 2RO g A - #%
A KINBEEE RS 22 6 78 5 . I KJE I3 200 miG# T, 5
S D 15 5 WL PG AR PR R T, A RO i HE ek
W& RNT, HBAVRHER) A B EE > T b, K
KWEFRHE R OIS, THE ] XN s N 0 el 77 v
55 (Nr;Fig.1) T& 5 (lyt, 1999a).

RBKWERHERNE, AKH &H RO B RV A
FA B A NEOIEERE OB EERK A - ik
B 5 0 5. RS KGR O KAEH5 IR
Mz A L, Z ORBIEIE50 mAi#k TR L Twb., K
KRN XS e & B HEREPNIE, WK B rp g B i 1| e
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2% [ XiEko 7 7 5 Ok, Ap=7/324 t; Cox=FiA ; Hb =58P ; Opx=R5HiA ; Qz=h% ;
[1 =&, Sb-OT =i - KHE AFSRHERY, Km PFD =§iFE 1L AFERHERY , Tn PFD = R AKMRHER,

* =PHER. VD =1CiEA (2006).

Table2 Characteristics of tephra layers in the Shirakawa Quadrangle. .4p= apatite; Cpr= clinopyroxene; /75 =hornblende; Opx= orthopyroxene;
Oz = quartz; [ | = minor component. $»-O7'= Shiobara-Otawara pyroclastic flow deposit, K7z PFD = Kamafusayama pyroclastic flow
deposit, 7iz PFD = Ten-ei pyroclastic flow deposit, * = rework deposits. " = Yamamoto ez a/. (2006).

Unit Sample Loc. Mineral composition Refractive index mode
Glass (n) Opx () Hb (n2)
Sb-OT KT103 Opx > Ap, Cpx, [Hb] 1.500-1.507 (100%) 1.715-1.722 (90%)
Sb-OT* 10-101 Opx > Cpx, [Ap] 1.502-1.507 (100%) 1.715-1.717 (90%)
KmPFD  GSJR80587 3 Opx>Cpx 1.535-1.553 (100%) 1.710-1.712 (70%)
Tn PFD GSJR60143" Hb > Opx, Cpx; Qz 1.504-1.505 (100%) 1.710-1.715 (80%) 1.673-1.675 (60%)
Tn PFD GSJ R80588 9  Hb, Cpx, Opx; Qz 1.709-1.713 (90 %) 1.673-1.680 (80%)

(% o> BT 1| HE R 28 s B B Bidk R (VhiliE 2
1985) D EEfIZ @ AL I T 5. AR E N ITH] =
i (Loc. 9; Fig. 1) TixEEHISkKILTG AL E &0 EE
15 cm D& T HDK KK % 3 > T, J@IE2.6 m O IEEHE
BN S 2 6 5 5 A KIEFHERY OAG I 1T
KRR TH 2, PLESWITEH O H BT Gk ET 1Lk i
TRHERE I 23 AT I8 0D TSI LT 2 i REPE 235

3.2. K&

i (Loc. 5) O F B KtmHE R (GS] R80586)
751.110.2 Ma, HETL7 73 (Loc. 2) O
He R (GS] R80585) 7* 5 0.96+£0.21 Ma® YLV -
T4 y¥ary 7y 2ENES (Table 1), #EHEH
WAL 5 A7 Gt 1S & B G T i3 i HE R U R LT o
5. %72, B (Loc. 9) O RS ARG Y HE
4 (GSJ 80588) 7 5130.94£0.20 Mad Y )LV -
T4y avbTy EREHZIZH (Table 1).
PEAT IR AL R FH IS & 2 EH ¢k 2 O HEREW I3 15
LTW3,

3. 3. iR

S 0 O FAHTE RS RIS B ARHER I D2 DD 5 %
GSJ R80585 23 T & IZ i Ty 2 & OO | - UfE 13
PERAE & BEDFP CTHEE > T\ B, BRI KA A
TRHERE 2 Jaramillo subchroniZEH L 72 # 2 5 h
50T (LJc, 1999a ; ociE~, 2006) , ek =
PR O FFFOE KiZ14~1.2Mak Abh
. gaARIE A2 (1998) i, FH U ARRHERM O FALIZ &
B R AR HE R L2 U O THREL & 7= 50kt
75 1.4%0.2Ma, 58 - KFEKRHERIMEIZ S 5
PO AR HE R 1okt U TR CHRER & A7z 5okt
5079+016MadD LAY - T 4wy gV NTFTwuy
FRAERE L T D, Z O KRR O FR Ul
FITiEA (2006) OFNREE R —3T 525, IR

KA G HE R O A IE R 25 2 B A T Jaramillo
subchronk D ¢ HL B> THB VT & iZAbEwn., 72
72U, ZOEMIEHS 2Ty, ZEdl)IEE» S &
5 N7z KR KA G HERA Y O - CU0E (Table 1) - $i
YRR (Table 2) - AL AR, Z Oxf A R 20
ZLERFLTNS,

4. BRE IR RHERY

4.1.BFREEME

AR LT, A OELZ F PSS KL - = ARRE K-
H Sl - Akl - KRB TR S, 2
NENHDHOL L WD &2 55> T3 (Fig. 45 1 -
Eh, 19955 bt - £, 1997) . B 7l K13 0.50 Ma
A 5 L 22k iVE - RIE O g Kilifk T, JRHE
KIDFEDO LI IZHAIE LT 5. S 1L KW i HE R
(5 - A8 1991) & 72 OIEBARBICE L& X h
% E 0T, fEEEVEEA PG O §E7 L O B 1 bk oE
o 2 R PR I 0 FEIZ S04 L L0.43+0.03 Ma
DOK-ArfERME MG T B (fF - @R, 1995).
RAKPERHER DL, VERE L 23RO RIE - T4 %
A N BB 6 2 B FRUATIIBRIARS I & IS
ERAARFHACE I, HER O FAIE EBIEREEH O ) b
HAPKEL 8D, 72, HEEKEHNOPEH 2
F—BHE (Loc. 3) T, KFRHERIMI O FRiIZ#k 4
b THER A3 0, 2 DL 1 mJE O K HE R
HIZIEERE & > T B KHERY I 3R Gk
BOHBEKINEPEEIICEENEINZORIZZL L,
MREAS IR O RINEREED K5 -2 % LT
3. BHVARSER R IR A A TIE, RDRIRD 4 X D K ILK
MoK BIERITIRKAEL2 mOARE KIS B - Kl
EELEGATWS, WA EHC K2 HETIE, K
WRYNI B AR L 72,
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Fig. 4 Simplified geologic map of the Quaternary deposits around Nasu volcanoes and Nasunogahara fan. 240 = debris avalanche deposit,
PFD = pyroclastic flow deposit. See Fig. 1 for the location.
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Fig. 5 Outcrop of the Yosasagawa (¥) and Kuroiso (X) debris avalanche deposits along the Yosasa River, Yosasa, Nasu
Town, Tochigi Prefecture (Loc. 6). There is a fluvial gravel and sand layer between two avalanche deposits.
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Fig. 6

Outcrop of the Yosasagawa debris avalanche deposit () within fluvial terrace deposits (#7/) along the Naka River,

Batou Town, Tochigi Prefecture (Loc. 8). The thickness of the Yosasagawa debris avalanche is 7 m.
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Nasunogahara Nasu volcanoes Shirakawa & Aizu
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BT AREKIUEE, BE A nHERE I R ORI T 7 T OBk, Asod = Asod 775, Hu-NN=J,r - tAT 75
Kn-KD=W%E - BHE 57 7 5, Nm-SB=4R - )85 75, Ns-SRIto12=WFHE - A 1~12 7 7 8, On-Pml =
% -Pml 77 7, Sn-KB=W1 - Z{£HF 7 Z, Sn-SK=m1Jii - k&7 75, TgP=HE7 75, TK=
Et T 7 7, DAD =%IEk 72 MR, PFD = KR, thl =@&6 LB HERY, th2 =& 1B e HER
tm1 =" TBREEHER.  (loC (1999b) % —HBeZE.

Fig. 7

Stratigraphic relationship among Nasu volcanoes, debris avalanche deposits and key tephra layers. 4so4 = Aso4 tephra, Hu-NN=

Hiuchigatake-Nanairi tephra, A7-K2 = Kinunuma-Kurodahara tephra, V-5 = Numazawa-Shibahara tephra, Vs-SR/ 70 /2= Nasu-
Shirakawa 1 to 12 tephras, On-Pm/ = Ontake-Pm1 tephra, S7-AZ = Sunagohara-Kubota tephra, S7-SA = Sunagohara-Sakasegawa
tephra, 7g/”= Tagashira tephra, 7K = Takatsue tephra. 2.4/ = debris avalanche deposit, 2/ = pyroclastic flow deposit, #/ = higher
I terrace deposits, #22 = higher Il terrace deposits, 772/ = middle I terrace deposits. Modified from Yamamoto (1999b).
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Table 3 Result of AMS "C dating for the Yahata unit of Nasu-Chausudake volcano (Vas-CH3).
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