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Sequence of the 120 ka Adatara-Dake Eruption from Adatara Volcano, Fukushima, Japan:
Based on Correlations between the Outcrops of Pyroclastic Fall Deposits at
the Summit and Flow Deposits on the Flank and Foot of the Volcano

Ken-ichiro Funwara™, Takeshi HaAsEGawa™ and Akihiko Fuinawa

We performed systematic sampling and description of the Adatara-Dake tephra outcrop on the summit of Adatara
volcano, Fukushima Prefecture, Japan in order to reveal the detailed eruption sequence and temporal evolution of the
magma system of this volcano that erupted 120 ka BP. Even though there is no recognizable eruption hiatus represented
by a paleosoil layer, pyroclastic fall characteristics at the outcrop permit to divide Adatara-Dake tephra into 19 layers: A
to R; from bottom to top. The earlier layers (A to L) are characterized by successive pumice fall deposits, intercalated by
thin volcanic sand layers. The later layers (M to R) are rich in scoria fall and are partly welded, with agglutinate found in
layers O and R. Representative clasts from each layer were analyzed to determine the grain size distribution,
componentry, modal composition and whole rock chemistry. Layer M can be correlated petrologically and
petrographically with the lower part of Yugawa pyroclastic flow deposit on the eastern foot and the Motoyama
pyroclastic flow deposit on the western flank of the volcano. Similarly, the upper part of Yugawa pyroclastic flow
correlate with layer N, meanwhile the upper part of Motoyama pyroclastic flow correlate with layers O or R. There is an
increase in the lithic fraction with decreasing sorting in layer M, which we interpret to indicate increasing enlargement
of vent during the phase of this layer. The scoria/pumice volume ratio also increases remarkably in layer M, suggesting
that vent enlargement and sudden increase of mafic magma during phase M caused the column collapse that generated
the Yugawa and Motoyama pyroclastic flows. The mafic magma composition changed after layer O, with the
FeO*/MgO ratios becoming less than 2.1. After this change in chemistry in phases O to R, pyroclastic flows were
continuously generated and agglutinated deposits were formed at the summit. This suggests that the eruption style of the
final phase abruptly changed to relatively low column height.
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Fig. 1.

A
AAa
A A‘A‘ Iwate

Location map of Adatara volcano based on the 1/20,0000 scale Fukushima-hokubu map of the Japan Geographical

Survey Institute. Triangles show the peaks of major volcanic edifices, with locality 1 showing the Adatarayama peak.
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Fig. 2. Left: Schematic stratigraphic column of Adarata Dake tephra on locality 1. The horizontal extent of beds is not
proportional to grain size. Right: Stratigraphic variation of rock-type, proportions and grain size distributions (sorting
and median). M-U, M-M and M-L mean the upper, middle and lower parts of the M layer, respectively.
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Table. 1. Contents and components of phenocrysts (vol.%)
of juvenile materials in each layer. Yug: Yugawa
pyroclastic flow deposit, Mot: Motoyama pyroclastic
flow deposit. Pl: plagioclase, Opx: orthopyroxene,
Cpx: clinopyroxene, Ol: olivine, Opq: opaque minerals,
tr: trace component. See the caption of Fig. 2 for the
abbreviations of -U, -M and -L.

Phenocryst Components of phenocrysts (vol.%)
contents
Lithology Unit (vol.%) Pl Opx Cpx Ol Opq
Pumice  Q 17.4 70.8 13.6 10.9 - 4.7
P 21.0 72.5 10.6 14.3 - 2.7
M-U 21.4 72.0 7.6 16.2 - 42
M-M 12.6 83.2 74 8.5 - 0.9
M-L 142 71.1 14.8 11.8 - 22
L 193 79.9 6.9 11.4 - 1.8
J 14.6 76.4 72 14.4 - 2.0
H 16.8 65.0 6.3 225 - 62
F 18.1 75.1 10.2 12.3 - 2.5
E' 239 783 48 12.4 - 4.5
E 23.7 799 74 10.8 - 1.9
C 21.4 77.5 7.8 10.9 - 3.8
B 22.6 703 11.5 15.8 - 2.5
A 18.4 702 9.1 18.0 - 27
Scoria R* 48.4 75.4 6.1 16.0 tr 24
Q 36.8 71.0 73 16.6 - 5.0
P 22.0 71.1 12.3 1.7 29 2.1
o* 32.1 75.7 72 14.1 - 3.0
N 19.0 71.8 83 16.8 - 32
M-U 10.5 82.7 89 6.9 - 1.4
M-M 11.0 78.4 6.0 14.1 - 1.5
M-L 11.7 77.0 7.0 13.6 - 23
L 152 75.7 79 143 - 2.1
J 15.1 75.4 5.8 16.6 - 22
H 18.0 44.4 15.1 333 - 72
F 115 78.1 9.4 10.3 - 22
E' 19.0 71.4 13.6 12.4 - 2.6
E 18.5 722 12.7 12.6 - 24
C 12.4 76.6 11.0 11.7 - 0.7
B 15.6 77.6 9.0 11.8 - 1.5
A 19.1 68.8 8.0 204 - 29
Scoria Yug-U 19.4 67.7 9.4 17.5 0.0 54
Fiamme  Yug-L 36.6 62.7 13.5 202 0.0 36
Fiamme  Mot-U 36.0 773 6.1 143 0.0 23
Fiamme  Mot-M 29.6 67.0 11.8 16.6 tr 4.6
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Table. 2.  Whole-rock compositions of juvenile materials in each layer. See the caption of Table 1
for the abbreviations of units. All data are normalized to 100 %.

Lithology Unit sample |wt%  SiO, TiO, ALO; FeO* MnO MgO CaO Na,O K,O P,0s
Pumice P P-01 62.49 0.70 17.60 6.48 0.19 3.05 4.84 249 2.07 0.08
P-02 61.84 0.72 17.25 6.97 0.17 337 531 2.37 1.93 0.08
P-03 6242 0.71 17.14 6.71 0.13 321 5.12 243 2.05 0.07
P-04 58.84 0.78 19.52 7.67 0.21 3.77 5.34 2.13 1.67 0.07
M-U M-U-01 64.00 0.66 17.41 5.92 0.12 2.69 436 249 228 0.05
M-U-02 63.19 0.73 17.07 6.63 0.13 3.07 455 245 2.14 0.05
M-M M-M-01 62.99 0.73 17.33 6.70 0.14 3.01 451 239 2.15 0.05
M-M-02 60.17 0.84 18.88 7.74 0.16 328 4.76 220 1.91 0.06
M-L M-L-01 62.64 0.76 17.40 6.74 0.14 3.14 463 235 2.14 0.05
M-L-02 60.82 0.82 18.00 7.75 0.16 3.36 4.96 222 1.85 0.06
M-L-03 61.10 0.79 18.45 733 0.16 3.19 457 232 2.05 0.04
M-L-04 62.64 0.73 17.40 6.76 0.15 322 4.70 231 2.04 0.05
L L-01 61.34 0.78 18.38 7.03 0.16 327 4.59 232 2.08 0.04
L-02 60.34 0.83 18.44 7.71 0.16 328 5.04 232 1.82 0.06
L-03 61.05 0.82 17.65 7.90 0.16 3.15 5.10 230 1.81 0.07
L-04 62.18 0.75 18.06 6.73 0.14 3.03 4.56 238 2.13 0.05
J J-01 61.12 0.77 18.88 6.96 0.15 3.13 4.54 236 2.03 0.05
J-02 62.05 0.73 18.43 6.65 0.15 3.05 427 247 2.15 0.04
J-03 62.14 0.75 17.83 6.87 0.14 3.06 481 2.30 2.03 0.06
J-04 6135 0.77 18.12 7.17 0.16 342 4.54 236 2.06 0.05
H H-01 62.07 0.73 18.37 6.69 0.14 321 420 2.38 2.18 0.03
H-02 61.86 0.81 17.48 732 0.16 349 447 235 2.04 0.03
H-03 6291 0.68 18.34 6.06 0.14 2.83 422 2.54 2.24 0.04
H-04 61.84 0.72 18.75 6.67 0.15 3.16 4.04 239 226 0.03
F F-01 59.76 0.84 19.21 7.69 0.19 3.65 433 228 2.01 0.02
F-02 59.17 0.85 19.88 7.83 0.23 343 445 226 1.84 0.05
F-03 59.82 0.82 19.32 7.54 0.18 3.40 4.49 2.36 2.04 0.03
E' E-01 62.05 0.76 17.93 7.03 0.15 329 4.18 2.38 222 0.02
E-02 62.02 0.76 18.20 6.82 0.14 3.19 4.16 2.41 227 0.03
E'-03 61.82 0.78 17.73 721 0.15 341 4.44 235 2.09 0.03
E-04 61.63 0.78 18.01 7.24 0.16 344 4.10 228 233 0.03
E' E-01 60.92 0.79 18.84 722 0.16 338 4.03 234 2.30 0.02
E-02 60.69 0.81 18.49 741 0.17 351 438 238 2.14 0.03
E-03 61.52 0.75 19.28 7.17 0.16 332 3.88 1.95 1.95 0.02
E-04 6129 0.78 18.71 7.17 0.16 329 3.88 234 235 0.02
C C-01 60.05 0.83 20.51 7.52 0.16 323 343 2.09 2.18 0.01
C-02 60.38 0.81 20.11 7.40 0.16 334 3.39 2.12 228 0.01
C-03 60.08 0.83 19.23 8.01 0.18 3.76 3.80 1.98 2.13 0.01
C-04 60.50 0.80 20.05 7.39 0.16 3.18 351 215 224 0.01
B B-01 59.68 0.85 19.91 791 0.18 343 3.87 2.07 2.07 0.02
B-02 6220 0.75 18.21 6.99 0.15 328 3.83 2.30 228 0.02
B-03 6133 0.78 19.17 7.06 0.15 321 3.78 2.20 228 0.01
B-04 61.07 0.81 19.25 7.37 0.16 323 3.64 2.15 2.30 0.01
A A-01 61.90 0.77 18.68 6.96 0.15 320 371 2.17 245 0.02
A-02 61.86 0.78 18.17 743 0.15 345 3.65 212 2.37 0.02
A-03 61.74 0.81 19.44 6.99 0.15 3.08 3.05 2.12 2.62 0.01
Scoria R R-S01 6124 0.72 17.74 733 0.15 3.64 525 226 1.60 0.08
Q Q-S01 56.69 0.92 18.70 9.69 0.19 4.80 6.04 1.76 1.13 0.09
Q-S02 5713 0.84 19.41 8.78 0.19 437 5.76 2.03 1.43 0.07
P P-S01 57.18 0.76 18.10 8.35 0.17 4.68 7.77 2.07 0.82 0.11
(6} 0-S01 61.34 0.72 17.26 7.08 0.14 3.70 5.58 245 1.64 0.08
N N-S01 58.92 0.87 17.99 8.47 0.18 3.54 6.24 2.34 1.36 0.08
M-U M-U-S01 60.88 0.81 17.25 772 0.15 333 5.83 245 1.49 0.09
M-M M-M-S01 58.50 0.90 18.47 8.73 0.18 3.64 591 221 1.38 0.08
M-L M-L-S01 58.33 0.94 17.95 9.06 0.18 3.70 5.99 2.30 1.47 0.08
L-S01 59.00 0.93 18.21 9.19 0.18 3.74 6.09 1.24 133 0.09
I J-S01 59.22 0.89 18.37 8.51 0.18 344 572 2.20 1.39 0.09
H H-S01 58.43 0.97 19.38 9.00 0.18 345 4.79 2.09 1.63 0.08
F F-S01 5775 0.96 19.14 9.18 0.20 3.59 5.42 222 1.46 0.09
E' E'-S01 60.04 0.83 18.34 7.78 0.18 3.46 5.39 2.36 1.53 0.09
E E-S01 58.83 0.94 19.10 8.45 0.21 3.67 4.96 2.18 1.58 0.07
C C-S01 58.63 1.02 17.94 9.62 0.20 372 5.14 2.11 1.56 0.07
B B-S01 59.02 0.99 18.83 9.26 0.18 344 444 2.03 1.77 0.04
A A-S01 59.06 0.92 18.91 8.85 0.18 342 475 2.10 1.75 0.07
Scoria Yug-U Yug-U-S01 59.26 0.94 17.82 9.13 0.18 3.84 5.04 221 1.50 0.07
Fiamme  Yug-L Yug-L-01 63.42 0.74 16.52 6.79 0.13 3.18 4.52 2.60 2.08 0.02
Scoria Mot-U Mot-U-S01 60.74 0.77 17.53 7.29 0.15 3.50 5.68 247 1.76 0.10
Fiamme Mot-M  Mot-M-01 63.30 0.68 16.63 6.41 0.12 3.08 5.34 2.57 1.76 0.10
Fiamme  Mot-M Mot-M-02 63.94 0.67 16.54 6.22 0.12 3.06 5.02 2.56 1.79 0.08
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Fig. 3.  Whole rock compositional (normalized to 100 %) variation diagrams of (a) K,O vs. SiO (b) FeO* vs. A5O3 (c)

FeO*/MgO vs. SiO; and (d) TiO; vs. Al,O53 for Adatara volcano samples. (a) and (b) are for pumice while (c¢) and (d)
are for scoria lithologies. The high-K/medium-K boundary in (b) is based on Gill (1981) while the tholeiite/calc-
alkaline boundary in (c) is based on Miyashiro (1974). See the caption of Table 1 for the abbreviations of Yug and Mot.

ALO; - FeO* fliz 7R ¥ (Fig.3-aB LU -b). —JiATY
T 1L, Si027° 56 ~62wt.% DA % 7”3 (Fig. 3-¢).
FEAE - S (1995) IR S NL/Z®BY, (ZZANT TV
) RHOMB A RT E L D12, B (Miyashiro, 1974)
12 BT FeO*/MgO D\ kL >~ F (FeO*/MgO < 2.1)
EEW R LY R (2.1 < FeO*/MgO) IZHIBFIZ =43 & 5.
KIFFRD T ~ES, 2% ) &I T8 & U5t
KIEFFED 7 4 7 ADS, WD Si0, =63 wt.% UL L
DOFA A MHEERTOIK L (Fig. 3-a B LU -b),
KBEGE BES, 2 F 0 S Lo 2 20 7 Ltk
Wi EE D 7 4 7 A%, £ 4 593wt % & 60.7wt.% T,
ZIEB M % RT (Fig. 3-c BL U d).

5.

5-1 EEAHEREY & KRR OBEEE

Wil - TCIL O KGR, ek 6, HREAZBIE L
TIAELZEEZ SN TWADY (1L5T - BT, 2000), &
NFE CIHEEAD & O TEHA L0 dHET s Tn
otz TITE, BELLEONEFHEABLD
REYE DG AHFEIFRD S, HREKHEREY & WK
L ORIt AR A A B,

AL R BD &, BIKPER T EB L Otk
PGB 7 4 7 A LHEXKO M 8 &5, FF#ism ey
SiOyfl (63 wt.% LL 1) AR CHUT 2 Z &0 0%

(Fig. 3-a). TNBIE, Mo EWHICHE, 728 21 ALOs,
FeO *, KO IZBWTHHEWIZHMT % (Fig.3-aB LD
-b). T, BESSEMHLAYE - BL, SRS RER O
WETRET LD TIE R\, BAEEIKA AR (29.6~36.6
vol.%) EEATEVEL (21.4 vol%) £ ) b R R RS E AL
D 573, ALK —H IR & I A T
(72 & Z1%, Cas and Wright, 1987), KEFF R IZ#E =
BN T AFBOREERLHRBERE I L AT AKEHOER
(72& 21X, Rossand Smith, 1981) 7% & CHHE D\ jE N
EHHTEECTH B, X o T, RWFsETriik L 72551 K
FEFES & IR BRI Mg L3I LT R & % 2
5N5.

AR QS G B X AN OV =% 3 | IR TH R DA il o1
ERAKDO N B LoBEICOWTH LA BT 2. B
JIKFEE Lo A3 1) 7 & N &, B X OTCi K L3
DTATAEOFLERBHFOAT) TH, KAV
M A RT 2 &% % (Fig. 3¢ B L -d). #)I1AH
A T) T ENBIEE—- FHK LD L —
HTH2ens, MEEHETIEEEZ 51D, HIIK
B A3 7k, MBTHPL CEOAI YT LD
MIEAFL T 5B DD (Fig.3-c BL O -d), BRFYIZT
JEY 4. ol KR L, AL & B — RO
PEE BFEEEHE»S AT, 0BT RBIHILT 20
MHEBEEZSGNL, WINOBEIISIE NS DT,
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52 MEABERXOHRE

LRI R 3 TR LB E D LI
HEENKICBTL2EREROHEREEZERT L. 7,
A~L & % HERE S 97200120, AR Kt o J6 2k %
P REIME 7 <, TR BRIk O B WA R T F
IR SN D 2 Eh s, 2 L2 R L, EIC
M TFEA 2B L7227 2 — X EHZ B ENTES
(Fig. 4 1= M A-L). —/HTINHOBHEIZIE, I
R IR { —HRBERE L 72 KR g 2B e § %
(Fig. 2). SIS KIIBIE, MEESEE L ThaEdFsd
ZERENC Z DIFUEEAHIN D 2 & THAET S, TR
Bz Kty — DN K BB O A H 5 (72 & 218
Sigurdsson et al., 1985). 7B, HITEEOWT NI,
AR IZKE LA REDO LD A5 2 & CIIIC - IRID
(2000) ASFCER L 72, SO B IEEF L= v M2
ML ESNDWEEMEAERD . L L, HGIEERE O K
A=y MIEBEAKOEELED 1% (/- 2ve Ehb
ZEdh, ZOWRERERNTYH, HikEECRHBESR
KBTI E L e o lzbZ 2615,

FIEBEE, BPROICHER L2 M2, hiEs»s bk
EIZ2NT T, ARPEREETIERRO SNk o R EE RS
10~20% LLEEENL T LD h 5. SHICMEB L
T, WK T OWIKEED, ofi TR 3.0 &, ZNLLF
DI (0=2.0) LV FEIMLV, IhsidwTnd, M
B, KPR > TR L 222 & 2R s
% (72 & 21X, Németh and White, 2003; White, 1996). M
FIAE BRI, KITHERIC & 2 KRAEDIY A&
WAL > CRETDERDHDLEEZLNTEY (/2

& 2L, Freundtetal,2000), MEIZR LN, INEDE
2L E, MBS A F NI LSS
C NS, BAROEIC, KOHEAICRRE 2 A
BRI KGR o7z LT e TE S (Fig 40
2=y b M), ZORSEA LKL, HEOR IR
AT o CTHHIEZEZ S8, —bEss L7z,
MBI, SHIERTNEEMEMIBO NG,
REWMEORELE LS L, WiPEEECIIESTH - 7217
AW LT, MET%E/ZZUTRﬁﬁEL,ﬁ<
NETRAREWERZIFAT) 7T %A, LIt B
Qmmi,Ahﬁ%%@EEKOWT,ﬁﬁ?éKE%
BAERO (FAYA ) oA a) 7 (Gl 128D
% Z & TR OHISER G AN L, A AN
E o 72 REME R IRTE L /2. M EEERZ 1L, KO
PRI TR L, AR~ 7D EE - THB Y,
INH KB OFEEICHG LTRSS E 2 5N b.
KIERHERE & ORI IAERD S, Hid NEBE~O0 &,
5\ IE %O R 8 OUEFERS F TN O FELE D5k FE L
72 EZOLNA. KOEHIIBWT, NEIZ—EAEE
L, OB -REBE7Z7VFr—bOEMERT. LT -
BT (2000) (&, IUTEA> 5 8 km DB CHEMEAE AT (F
TR FREL, TR ERICEProTAI) T
DENT % £ 9 REMEZBDO TRV, TOI &M,
e - BT (2000) T, MEKEFEOZ T 7ESE T
R EE WD L LR LTS, Doz Lp
5, NELETIX, 2T TIY b LBV %
L, KIEEICT 7V F 4 — b EEFHEEODY,
[RIRRS (2K % 584, ARSI S8 5 X 9 Rk
KE Lo Tzl T& % (Fig. 4 D=y M N-R).
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5-3 RILBEY T YDOEHRE
HEHE - BlHT (2005) 12, A ) 7 OALERIEAS, FRIZHR
WITHIEIC SN2 05, RINEE~ 7 <2

R 2009 4 THEIEL Tz FRLZ WA
TINEHEIEH F T, FeO*/MgO=2.1 {3 #3512, P J& LU

T FeO*/MgO I, Q & LI TIX FeO*/MgO flli2 7' v
FEN, ENENELLMENL Y FERT. $4bb
2ODRINIEE~ <, PENPS QEELRILELT,
fFbof-bEm L7z, AT L2375
FRRIZER IS 70 Y M35 &, 1LY FeO¥/MgO=2.1
& BCHIRHEPAAS 2 S N5, LA LEAES, 20
YRS, ATIITR L D S REHONE L O BOMIZR
B HNA (Fig. 3-¢). T74bHH, A~NEDH FeO*/MgO
I, O~R FAMK FeO*/MgO fllICT By P ENLH. T
S e, M - M (2005) ORI L 2B~ 7w
DR, FER LD S RH (ML) & N—O0 JB#ETIE Z -
TWwWiesZzonsb, DFDERCIE, 77V Fh—
MEFARET D, OB L 722 &
HHEI S B,

6. £ & ®

TEREKINI B 2 RKHBEOBEKTH 54 1275
FERTOHEINZDONWT, B ~ 7 < M o 28 i
7o ERFEMCHE A 720, KT O3 F B Tl
BRI - SRR AT o 72, FOME, BHEBOSEH (Fik
Wrmtt, RLEESAR) R~ 7 <AL & ORFZEAL % F
GEETIRIT$ 5 2 ST E 2. KR TES N T
BRD3IDIZFEDOLEND.

D) HEETHREWMETH DT A A PERAG LR
FHEAT) T OEAENERL S, HEAMHEED O M
Jeg FERAS, BV AT B W - JeILT KGR b &
N7z, 52O NER, IR LEIZ, O
F 721 R FIETTILA O PRI TE .

2) HEK T, WD A~L BT ZE L
TWEEAT 2 TR L T 728, MBI, KGE DT
ERINEB~ I~ OZMPFRIFISRE Y, KWt % F8E
SH7z B NBUETIE, Kiiz it seoo9,
KIGEBEIZIZEIL T ZVF A — b S8 5 X 9 2
KR E & o7z

3) AT TICRESNLLINEEY 7 < I21E FeO*
/MgO 2SRRI T2 5 2 9 4 THHFHE LT NEPS
OBDY A I v 7% ZEHEIZL T, OB HIIETIE,
1K FeO*/MgO ~ 7 < A3 H L 7-.

R CTIEINS Ofawx 72—, EEHOWEIZ L -
THIEBHEOBREE T2ATH) S e TE ol &
BB BHEEREEL 2 LN TENL, RO

BOBEIIEREINL EHFTE2. 512, EBHITE
BB L E2ONLEALE AT 7T OREBGREHS D
BT, ANV TIVA )OO, ELEE,
< WA DOEEIIOWT, L) BAW R iE 2155
NPT E S,
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