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Abstract: The Sotoyama Plateau on the mid-western Kitakami Massif, Northeast Japan, displays
a low-relief surface with an altitude of 650-1000 m. This topography is considered to have been
formed by periglacial phenomena. We discovered the 80-cm-thick pyroclastic fall deposit, named
Yabukawa Tephra in this study, from the Quaternary valley floor deposits along the Sotoyama River
on the plateau. This tephra is subdivided into four subunits on the basis of their lithofacies. The tephra
contains characteristically large amounts of vesiculated pumice and minor lithic fragments: andesite,
dacite, rhyolite, tuffaceous mudstone, tonalite, chert, etc. It also contains grains of beta-quartz, feldspar,
hornblende, orthopyroxene, ilmenite, biotite, etc. A geochemical composition of volcanic glasses from
the tephra shows relatively high SiO, and K,0, and low CaO, MgO and TiO,. Their refraction indexes are
1.495-1.498.

The Yabukawa Tephra is thought to deposit in the late Chibanian on the basis of the 0.24 + 0.04 Ma
fission-track age from zircon in its pumice. Furthermore, the tephra is possibly correlated with the Odai
White Volcanic Ash, which occurs in the eastern foot of Mt. Iwate, based on its petrography, refraction
indexes of volcanic glasses and the zircon age.

Keywords: Chibanian, Yabukawa Tephra, zircon, fission-track age, stratigraphy, correlation, Morioka,

Kitakami Massif
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Fig. 1 Geological map in the mid-western Kitakami Massif, Iwate Prefecture. The map was referred from the Seamless Digital
Geological Map of Japan (1:200,000) V2 (Geological Survey of Japan, AIST, 2019) on the GSI map of the Geospatial
Information Authority of Japan. Distribution of the river terrace deposits within the Sotoyama Plateau is painted based

on the geological survey for this study.
Abbreviations: O. M. (Ou Mountain Range); K. M. (Kitakami Massif); VG (volcanic group); V. (volcano).
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Fig.2 Topographic map (a) and route map (b) around the outcrop of the Yabukawa Tephra, Yabukawa area in Morioka City.
The topographic map is from the GSI map of the Geospatial Information Authority of Japan.
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Fig. 3  Outcrop of the Yabukawa Tephra (unit B). Straighten folding scale at the center of the outcrop is 1 m long.
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Fig. 5 (a) Wood fossil in the peat layer (unit A) underlying the Yabukawa Tephra. Hammer is 30 cm
long. (b) YT2iP tephra interbedded in the peat layer. (c) Expanded photograph of the YT2iP
tephra showing a pinch-and-swell structure by dewatering.
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[+], [*], Tel&iLTH 3.
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Table 1  Lithologic features of each unit of the Yabukawa Tephra and its lower and upper units. Symbols of “+++7, “++7, “+”,
“*” and “tr (trace)” are written in descending order of mineral content in residues.
Abbreviations: 8 (presence of beta-quartz); Bt (biotite); Cpx (clinopyroxene); Ep (epidote); Fld (feldspar); Hbl
(hornblende); Ilm (ilmenite); Opx (orthopyroxene); Qz (quartz); L (lower part); U (upper part).

; ; Mineral in residue
Uit Grain Eolor Thickness Remark
size (cm) Qz | FId | Hbl |Opx | Cpx | IIm | Bt | Ep
G P Grayish Laminated
c toarse 35;” green to 25 o+ |+ + * tr tro| tr /abundant
0 granulé | pale green 8 spherulites
Pale
B4 |Coarsesand | greenish 10 +++ |+ + * tr * tr | Fine/greenish
to granule gray P
u| Granule ) 44| |+ * tr tr * tr Abundant
Grayish B
B3 beiga 40 coarse
L Pebble 9 +;+ |+ * tr tr * tr pumice
B2 | Pebble Beige 19 |+++|++ | + |+ | | « | | « | APundantlithic
B fragments
Pale : _—
B1 Pebble beige 10 +;+ ++ + + * * tr | tr | High argillation
A Silt to Pale to Reverse grading
(vT2ip)| coarse sand grayish 2-6 +H+ | % tr | ++ tr * tr | tr /dewatering
beige B structure
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Fig. 6 (a) Photograph of pumice samples from the horizon Ybtl in the subunit B3 of the Yabukawa Tephra.
(b) Photomicrograph of the pumice. (¢) Thin section image of the pumice, under open-polarized light. (d)
Volcanic glasses in residues from the upper part (horizon Ybt2) of the subunit B3.
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Fig. 7 Thin section images of rock fragments from the Yabukawa Tephra: (a) hornblende andesite; (b) basaltic andesite; (c) dacite
showing a spherulitic texture; (d) dacite; (e) rhyolite; (f) tuffaceous sandstone; (g) tuffaceous mudstone; (h) tonalite, and (i)

chert.

Only Fig. 7g is under open polarized light, while the others under cross polarized light.
Abbreviations: Bt (biotite); Hbl (hornblende); Gn (glauconite); Mf (pseudomorph of spherical microfossil); Mm (mafic

mineral replaced by chlorite).
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Fig. 8 Thin section image of spherulite grains from the unit C,
under cross-polarized light.
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Fig. 9 Harker diagrams showing the chemical composition of major elements of volcanic glasses from the upper
part of the subunit B3 and the subunit B4 in the Yabukawa Tephra.
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Yabukawa Tephra (Ybt3 in B4) (20181113L1-2b)
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Fig. 10

Refractive indices of volcanic glasses, orthopyroxene and hornblende from the upper part of the subunit B3 and

the subunit B4 in the Yabukawa Tephra and the YT2iP tephra in the unit A (peat layer).
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Table 2

Measurement condition of the instrumentation using

a quadrupole inductively coupled plasma mass
spectrometry for fission-track dating.

Laser ablation
Model

Laser type

Pulse duration

Wave length

Energy density

Laser power

Spot size

Repetition rate
Duration of laser ablation
Carrier gas (He)
ICP-MS

Model

ICP-MS type

Forward power
Make-up gas (Ar)
ThO */Th (oxide ratio)
Data acquisition protocol
Data acquisition
Monitor isotopes
Dwell time
Standards

Primary standard (U content)

Primary standard (FT age)

CARBIDE (Light Conversion)
Femtosecond laser

224 fs

260 nm

1.6 Jlcm?

40 %

10 pm

100 Hz

10s

0.6 L/min

iCAP-TQ ICP-MS (Thermo Fisher Scientific)
Quadrupole

1550 W

0.9 L/min

<1 %

Time-resolved analysis

255 (15 s gas blank, 10 s ablation)

29 SI, 202 Hg’204 Pb, 206 Pb, 207 Pb,208 PbJZSZ Th,238 u
0.2 s for 26Pb, 207Pp; 0.1 s for others

Nancy 91500 (Wiedenbeck et al., 1995)
Fish Canyon Tuff (Danhara and lwano, 2013)
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T 77DRA[IZEENBZILIA VDT 4 v gy - bTy 248K

Ns: AR T v 78, Nusp: RAGARHI BT 2 PUOMBHIE S Wz v ML Nuswa: RO Y 5 v
VB, pst AR Ty 2 EIE, pusp  RAGVEHI BT 3 P UOMEIHIIE X W7z H o v B, pusa @ EEHEGOR
DY FVvDh Ty VEE Ulce: v T ViEE.

Fission-track ages for the zircon from the pumice in the Yabukawa Tephra.
Abbreviations: Ns (number of spontaneous tracks); Nu-sp (area-corrected total count of U on unknown sample); Nu-std
(number of counted uranium of standard); ps (density of spontaneous tracks); pu-sp (density of area-corrected total count of

8U on unknown sample); pu-std (density of counted uranium of standard); Uicp (uranium content).

. Ps Uicp Age (+19)

Grain no- (em?) e Pus (ppm) (Ma)
1 1 1.042 x 10° 14,410 3603 x 10° 96 041 = 0.41
2 1 6.250 x 10* 88,816 2220 x 10" 589 0.40 + 0.40
3 3 2000 x 10° 75449  1.886 x 10'° 501 151 + 0.87
4 0 0000 67,001 1675 x 10' 445 0.00
5 0 0000 16,369  4.092 x 10° 109 0.00
6 0 0000 65,328 1633 x 10" 434 0.00
7 0 0000 32443 8111 x 10° 215 0.00
8 1 5.000 x 10° 66,705  1.668 x 10'° 443 043 + 043
9 0 0000 52,638 1316 x 10" 349 0.00
10 0  0.000 10,153 2538 x 10° 67 0.00
11 0  0.000 9,713 2428 x 10° 64 0.00
12 0 0000 50,706 1268 x 10™ 336 0.00
13 0 0000 14,895 3724 x 10° 99 0.00
14 2 6.250 x 10° 57,335 1433 x 10" 380 0.62 + 044
15 1 6.250 x 10* 55309  1.383 x 10'° 367 0.64 =+ 0.64
16 0 0000 84,971 2124 x 10" 564 0.00
17 1 2500 x 10* 44,776 1119 x 10" 297 0.32 + 0.32
18 2 8000 x 10 170414 4260 x 10" 1131 027 * 0.19
19 0 0000 113,440 2836 x 10" 753 0.00
20 0  0.000 18,727 4682 x 10° 124 0.00
21 0 0.000 13,035 3259 x 10° 86 0.00
22 0 0000 12,697 3174 x 10° 84 0.00
23 0 0000 21,060 5265 x 10° 140 0.00
24 0 0000 32,481 8.120 x 10° 216 0.00
25 2 5714 x 10° 81,635  2.041 x 10" 542 040 + 028
26 2 8333 x 10° 190,857 4771 x 10" 1266 025 =+ 0.18
27 2 1000 x 10° 134,065  3.352 x 10" 890 042 + 030
28 0 0000 79,005 1975 x 10" 524 0.00
29 0 0000 42,271 1057 x 10' 281 0.00
30 1 4348 x 10* 92254 2306 x 10'° 612 027 + 027
31 2 4762 x 10 33705 8426 x 10° 224 0.80 = 0.57
32 2 8333 x 10 184,273 4.607 x 10" 1223 026 =+ 0.18
33 1 4167 x 10 109,782 2745 x 10" 728 022 022
34 1 6.250 x 10* 66,359 1659 x 10" 440 054 + 0.54
35 0 0000 147,618  3.690 x 10" 980 0.00
36 2 1111 x 10° 151,589  3.790 X 10" 1006 042 + 029
37 0 0000 9417 2354 x 10° 62 0.00
38 0 0000 72,225  1.806 x 10'° 479 0.00
39 0 0000 8706 2177 x 10° 58 0.00
40 1 1111 x 10° 276,040 6.901 x 10" 1832 023 + 023
41 0 0000 95156  2.379 x 10'° 631 0.00
42 1 1111 x 10° 153,736  3.843 x 10" 1020 0.41 = 0.41
43 0 0000 154,416 3.860 x 10 1025 0.00
44 1 5556 x 10* 95,130 2378 x 10" 631 0.33 + 033
45 0 0000 125324  3.133 x 10" 832 0.00
46 0 0000 95128 2378 x 10" 631 0.00
47 0  0.000 28,521 7130 x 10° 189 0.00
48 0 0.000 20,321 5.080 x 10° 135 0.00
49 1 7.143 x 10* 105,121 2628 x 10" 698 039 + 039
50 1 4167 x 10* 35505 8876 x 10° 236 0.67 + 067
51 0 0000 38689 9672 x 10° 257 0.00
52 0 0.000 11,531 2.883 x 10° 77 0.00
53 0 0.000 15,709 3927 x 10° 104 0.00
54 0 0.000 91,188 2280 x 10" 605 0.00
55 1 8.333 x 10° 43,905  1.008 x 10" 291 108 + 1.08
56 0 0000 32,131 8.033 x 10° 213 0.00
57 0 0000 65179  1.629 x 10'° 433 0.00
58 0 0000 57,714 1443 x 10" 383 0.00
59 0 0000 47,197 1180 x 10 313 0.00
60 0 0000 110,939 2773 x 10" 736 0.00
61 0 0000 56,614 1415 x 10™ 376 0.00
62 2 222 x10° 121,525 3.038 x 10" 806 104 + 074
63 2 3.333 x 10° 70,605 1.765 X 10" 469 0.27 + 0.19
Total 37 2578 x 10*
Mean 06 3036 x 10° 720863  1.802 x 10" 478

Pooled age 0.24 * 0.04

Zeta value (cm’/yr): 44.9%1.8. Correlation coefficient between p, and p,., (1): 0.512. N, 12,659, py.qa: 3.165 x 109.
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Table 4 List of "*C ages measured for carbonaceous materials from the peat layer (unit A) and gravel layer (unit D). Horizon
names are referable to Fig. 4. pMC: percent modern carbon.

Horizon Sample no. Sample 51 C (%) (AMS) Libby age (yr BP)  pMC (%)
Ltd1 20190903L.3-1 Peat -28.63 = 0.39 50,340 £ 710 0.19 £ 0.02
Yp2 20181113L1-1 Wood fossil -26.63 + 0.36 >53,840 <0.13

Ypl 20190903L4-1 Peat -29.50 £ 0.33 >53,940 <0.13

ayun

olun

HNX CRHTHRS N 2R HERL

Fig. 11 Cross lamina observed in the Unit C.
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Fig. 12

<«——— Towada-Ofudo Tephra
(ca. 36 cal kyr BP)
(Kudo and Uchino, 2021)
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<—— rework deposit
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1)1 sk D S L1 - KA TNESI 25464 5 55 DU
JE DREREIRK.  EEBEF O RIT L - N
(2021) 12Xk 3.

Comprehensive columnar section of the Quaternary
strata around the Sotoyama and Oishi rivers in
Yabukawa area. Date of the Upper Pleistocene was
referred from Kudo and Uchino (2021).



AL Bl g s, SRR Mo F s =7 V% T 7 7 (NEED)

EETHTOS, ZhbDaAaTHhDOF 73 E/ITFT I
DKIA T A ERSCFRR E L L2282 5, BT
T MR —RTEEDERONE L 572 BaA
12, BT 7 5 LU 2 R ERDR AR &
DL LT, WKWK D 55, WHIZIZCaOETH
Buarin oh, EAEADRITE (KA1, WHIZ
72(1987) Tld y = 1.756—1.761) T & i & I BHHE L2 X 1 ]
HETHh 5. Loy 7z, Il 7 7Y
TBEFTI1I5DEZARNYT5m,

SUEEIZB 2877 52 &50F =7 VO
GO, BURTIIMO TIRENTH 5. 5%, #HE
i & P, A O K UK A HANOBR, E
JBHEIZ F5 1T BAE T, YT2iPT 7 5 DAL 5 & %
THZ2&T, ZThETRLS G2 > TOAEVRMOKED
L ATDRB O XU - B F /3 =7 v WO K mER- O
AX=—UREDEMHIZHEIALSA T EFELZENS. NI
27T, AL bUBBIZ BT 372 b =2 2R KIZPE S g
BEDRHDOTFHA,»DICA B RENEN & 5.

9. ¥£&0

- ERETHER, B BIEAGHE & YRR 3 5 5 DU HE
Rh 5 X380 emD T 7 2 2 R L, [#IF 7 7]
EFRERL .

CHN T 7 73 REL A EEKREL, 7T IREPIC
SRR - B - YR ARa - i K E 2R
Wohd, 72, PEEGIFAIOESHOMEIE, ®
Wi - 74 A b - FRCE - BEXKETES - b=V -
Fr—F+Th5.

KILA T 2 OB R ENSIO; - K0 &KV CaO -
MgO - TiO, TR O b, 727 DEHTERIL 1.495-
1498 TH %

WO YL V5 024 +0.04 MaDFTER S 5 1,
HINT 7 53 F =7 VI BICHER L - L Hlilr s h
5.

HINT 7 7 oK, A ORI, KL T 20
T, FTHERAZE2 6, BMNKLKEOMRT 7 5T
»BAGKEKKIZRIETE 208 b 5.

BE MR SHNER AT IEZE AT 12 1% YC (AMS) 424K %
BN 72720 e, PESE R RTAR B BT 28 P J B R A fi = b B
ARBEELS L — FOBRICIETES G220 S
FARIEHIRBG K Ze 2 v 4 — o FIFERKIZIE, AFl
IEDFINAR T 7 F IO TEE LR E 72770
7o, ARSI T L 7 ZFET ORI LA RIITAR LD
NEIZOWTZIERZWE720W 2, BEHREDOKREESRK
B ORI OMB KR (& & [ HE S 725r) 12
i, BERSGEIC Y AR ECBERE Y 2. iBL T
WOBEKT S.

X

Danhara, T. and Iwano, H. (2013) A review of the present
state of the absolute calibration for zircon fission track
geochronometry using the external detector method.
Island Arc, 22, 264-279.

THEFR (2000) S FILOME : KILKAEE 2 HAHR. T
FHRSCE R WSS, 32, 234p.

B W (1995) kil 5 2 OREHTERRNE - RS HE %
DOMEETH) 2 b, HWEEMERS, 101, 123-133.
REMVER] - AAD W - FHE S - THEREER - RS -

mHARG - B 5 - bk ERE - AEEESE (2019)
JUREFXILFFERCE © 1mA v ¥ 2 DEM& Hw 72k
e HEE & K-ArfEQUHNEIZ & & D < i@, & F

DI, 49, 4-25

Higaki, D. (1980) Tephrochronological study of slope deposits
in the Northwestern Kitakami Mountains. Science
Reports of the Tohoku University, 7th Series, 30, 147—
156.

gE KD (1987) AL Bilstrb oo #hm Py E R B & R
K. SEPUACHEZE. 26, 27-45.

M - g - MEE - R R - TR
KE—5 2018) & FRAHIENNIZ 5§25 27 —
YA TDYNAVFT KOU-Pb £ L 2 D&k
B AEMERE, 124, 819-835

JFEish - EAIC - S B (1981) B B Ediikic ¥
2 BRI I O DK B & K LJKIER. S DUAC
e, 20, 61-73.

% 2 (1973) PEALERAL ilibic ) 2 Rhm 7. HAH
B2 TPRI%E, no. 4, 36-37

DHREIE— - EHFE K (2005) & T AKIULBEIX. Kl E[X
13, PEARMFHEFRERS Y 2 —.

RRENE — - bFE R - AR - T 52 (2006) & F
KIMWE 7 — 2 X — 2. BUEHEX V-1 (CD-ROM).
PERBMEHE B AR A & v & —.

Jochum, K. P., Dingwell, D. B., Rocholl, A., Stoll, B.,
Hofmann, A. W., Becker, S., Besmehn, A., Bessette, D.,
Dietze, H.-J., Dulski, P., Erzinger, J., Hellebrand, E.,
Hoppe, P., Horn, 1., Janssens, K., Jenner, G. A., Klein, M.,
McDonough, W. F., Maetz, M., Mezger, K., Miinker, C.,
Nikogosian, I. K., Pickhardt, C., Raczek, 1., Rhede, D.,
Seufert, H. M., Simakin, S. G., Sobolev, A. V., Spettel,
B., Straub, S., Vincze, L., Wallianos, A., Weckwerth,
G., Weyer, S., Wolf, D. and Zimmer, M. (2000) The
preparation and preliminary characterization of eight
geological MPI-DING reference glasses for in-situ
microanalysis. Geostandards Newsletter, 24, 87—133.

Jochum, K. P., Stoll, B., Herwig, K., Willbold, M., Hofmann,



WEFHAMIZWE 2022 BT73& H2H

A.-K., Amini, M., Aarburg, S., Abouchami, W.,
Hellebrand, E., Mocek, B., Raczek, I., Stracke, A., Alard,
0., Bouman, C., Becker, S., Diicking, M., Britz, H.,
Klemd, R., de Bruin, D., Canil, D., Cornell, D., de Hoog,
C.-J., Dalpé, C., Danyushevsky, L., Eisenhauer, A., Gao,
Y., Snow, J. E., Groschopf, N., Giinther, D., Latkoczy,
C., Guillong, M., Hauri, E. H., Hofer, H. E., Lahaye,
Y., Horz, K., Jacob, D. E., Kasemann, S. A., Kent, A.
J. R., Ludwig, T., Zack, T., Mason, P. R. D., Meixner,
A., Rosner, M., Misawa, K., Nash, B. P., Pfander, J.,
Premo, W. R., Sun, W. D., Tiepolo, M., Vannucci, R.,
Vennemann, T., Wayne, D. and Woodhead, J. D. (2006)
MPI-DING reference glasses for in situ microanalysis:
New reference values for element concentrations and
isotope ratios. Geochemistry Geophysics Geosystems, 7,
Q02008. doi: 10.1029/2005GC001060

T 5% - NEPREZ (2021) 5 FIVERI TR, KA
WS S M=+ HIBEAKAE T 7 7. WEHIHENF

5, 72, 129-138.

WIE ¥ - BrHmE R (1992) KWK T + 7 2. JURURAAH
W%, 276p.

HIEH ¥ - B 7R (2003) B KILIK 7 b 2 2. K
FHRE, 336p.

MTHD ¥ - Bk - EASHE - BURSEE (1987) AEH A
#IAL Bk S WFALIK. HBIUALHTZE, 26, 129-
145.

Matsu'ura, T., Furusawa, A., Shimogama, K., Goto, N. and
Komatsubara, J. (2014) Late Quaternary tephrostratigraphy
and cryptotephrostratigraphy of deep-sea sequences
(Chikyu C9001C cores) as tools for marine terrace
chronology in NE Japan. Quaternary Geochronology, 23,
63-79.

Matsu'ura, T., Komatsubara, J. and Ahagon, N. (2018) Using
Late and Middle Pleistocene tephrostratigraphy and
cryptotephrostratigraphy to refine age models of Holes
ODP1150A and ODP1151C, NW Pacific Ocean: A cross-
check between tephrostratigraphy and biostratigraphy.
Quaternary Geochronology, 47, 29-53.

HRINAR - AR - EE -l J1- 6l & (1963)
AL BN ESRvR R OS2 K O < AL ENIGRR O 5
MUfcHs (1), WEZHERS, 69, 163-171.

K& Al - MERREE] (1999) JUREKILEE OB & < o'~
MR O BFRE—Z2 M2 L. AL, 94, 187-202.

K BRI - MIATBUAT - FFE SR (1980) ALERAL HAKHE A O
fEFT - M ORBIFIZONWT (FD2). SR KL

PRI, 33, 53-73.

By B (1970 A6 Filidte - ShlE s O DKz, sk
WhEE, 23, 18-22.

Sakata, S., Hattori, K., Iwano, H., Yokoyama, T. D., Danhara,
T. and Hirata, T. (2014) Determination of U-Pb ages for
young zircons using laser ablation-ICP-mass spectrometry
coupled with an ion detection attenuator device.
Geostandards and Geoanalytical Research, 38, 409—420.

PERITH B AR A £ v 4 — (2019) 20 i3 D 1 HAY —
2L 2 HUB XIV2. https://gbank.gsj.jp/seamless/. ([
EH 20218 H1H)

EOE— (1984) b BiLtdEEBIZ F5 1) 2 MoK A LI ObA
JEKMBIR. HACHBE, 36, 240-246.

FELTE — (2005) 52 #AL bl & fir QB 1L 3, 2-1E B
UM, (@) CAREDKRBIR » 5 /W 7-ok o]t
N ESEER E AL Bl Nt— 2 - AR - $HP
W - BN, RO, AL BRIk
HiflRZ, 55-58.

HEHAZ - S (2020) T ARIE A OFAAE. kL, 65,
13-18.

TR EG - SRR - ARHE— (1999) b Bilisto Fi A
AT TR B B ST 2 A IRHO S AL 22 P E.
W FERE, no. 53, 111-134.

NEFEE.Z (2019) 5 F A LR O ILERAL FAFIC 5 Hm 3 %
Y 2 7R S OE M D L 3 v U-PhEAL
WEEAA RS, 70, 357-372.

WEFREZ (2021) & T BE R O ALEAL ik
WEP» S/ ENRY 4 TV T VAR K
A& & AR DA ACRRGE. B R A AF 7T e,
72, 99-107.

INEPREZ - PIefRds (2021) AL LiListarb g8 oD rhk AR AU
ik % B < (AR IREEOE A - FR & B AL TR
Wi 643 6 =51, HE MR, 127, 651-666.

A W EHEK - B E (1997) BKHE » EO T 7
7 Iy LIRS, Kl 42, 17-34.

Wiedenbeck, M., All¢é, P., Corfu, F., Griffin, W. L., Meier, M.,
Oberli, F., von Quadt, A., Roddick, J. C. and Spiegel, W.
(1995) Three natural zircon standards for U-Th-Pb, Lu—
Hf, trace element and REE analyses. Geostandards and
Geoanalytical Research, 19, 1-23.

Yokoyama, T. D., Suzuki, T., Kon, Y. and Hirata, T. (2011)
Determinations of rare earth element abundance and U-Pb
age of zircons using multispot laser ablation-inductively
coupled plasma mass spectrometry. Analytical Chemistry,
83, 8892-8899.

(% f}:20214£12H10H ; 5 PL:20224E6 H6H )
(RHAZRR : 202247 A5 H)



Nk
Appendix

21

FINT 7 50B3E EHRUBABIZE T A S KILH 5 2O FEITEMK.

AL Bl g s, SRR Mo F s =7 V% T 7 7 (NEED)

ABF20181113L1-2a ¢ Y

20181113L1-2bid B3JE D Ybi2 e, B4 OYb EHED 5 7 F NG5 hi-.
SD : HE¥E(RZE, FeO*: 4k% 2fHi CAIME L 7-{d.

Table A1l

Major element chemical compositions of volcanic glasses from the upper part of the subunit B3 and the subunit B4

in the Yabukawa Tephra. Samples 20181113L1-2a and 20181113L1-2b were from the B3 (Ybt2 horizon) and B4 (Ybt3
horizon), respectively. SD: standard deviation. FeO*: total Fe as FeO.

20181113L1-2b (Ybt3)

Point no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Average SD
SiO, 70.94 70.94 71.82 70.77 70.09 72.68 71.33 72.00 71.18 71.94 71.84 71.06 71.52 72.02 72.00 71.48 0.66
TiO, 0.13 0.13 0.09 0.10 0.10 0.10 0.16 0.08 0.09 0.07 0.00 0.08 0.09 0.14 0.13 0.10 0.04
AlLO3 11.44 11.54 11.70 11.34 11.39 11.85 11.40 11.65 11.53 11.66 11.58 11.43 11.66 11.72 11.56 11.56 0.14
FeO* 0.97 0.77 0.87 0.87 0.99 0.92 0.87 0.74 0.00 0.89 0.88 0.80 0.73 0.97 0.98 0.82 0.24
MnO 0.09 0.00 0.18 0.00 0.21 0.12 0.07 0.15 0.00 0.06 0.08 0.11 0.04 0.06 0.00 0.08 0.07
MgO 0.06 0.10 0.06 0.09 0.06 0.06 0.05 0.02 0.05 0.10 0.09 0.06 0.01 0.04 0.10 0.06 0.03
Ca0 0.65 0.57 0.61 0.53 0.63 0.64 0.62 0.61 0.64 0.58 0.58 0.60 0.56 0.58 0.63 0.60 0.03
Na,O 3.83 3.84 3.87 3.83 3.91 4.08 3.84 3.93 3.95 4.07 3.87 3.88 3.85 3.99 4.04 3.92 0.09
K0 2.55 2.47 2.50 2.60 2.41 2.48 2.57 2.49 2.52 2.53 2.50 2.47 2.64 2.62 2.50 2.52 0.06
Total 90.66 90.36 91.70 90.13 89.79 92.93 90.91 91.67 89.96 91.90 91.42 90.49 91.10 92.14 91.94 91.14
Sio, 78.25 78.51 78.32 78.52 78.06 78.21 78.46 78.54 79.12 78.28 78.58 78.53 78.51 78.16 78.31 78.42 0.25
TiO, 0.14 0.14 0.10 0.11 0.11 0.11 0.18 0.09 0.10 0.08 0.00 0.09 0.10 0.15 0.14 0.11 0.04
AlLO; 12.62 12.77 12.76 12.58 12.69 12.75 12.54 12.71 12.82 12.69 12.67 12.63 12.80 12.72 12.57 12.69 0.09
FeO* 1.07 0.85 0.95 0.97 1.10 0.99 0.96 0.81 0.00 0.97 0.96 0.88 0.80 1.05 1.07 0.90 0.26
MnO 0.10 0.00 0.20 0.00 0.23 0.13 0.08 0.16 0.00 0.07 0.09 0.12 0.04 0.07 0.00 0.09 0.07
MgO 0.07 0.11 0.07 0.10 0.07 0.06 0.05 0.02 0.06 0.11 0.10 0.07 0.01 0.04 0.1 0.07 0.03
Ca0 0.72 0.63 0.67 0.59 0.70 0.69 0.68 0.67 0.71 0.63 0.63 0.66 0.61 0.63 0.69 0.66 0.04
Na,O 4.22 4.25 4.22 4.25 4.35 4.39 4.22 4.29 4.39 4.43 4.23 4.29 4.23 4.33 4.39 4.30 0.08
K,O 2.81 273 273 2.88 2.68 2.67 2.83 2.72 2.80 2.75 2.73 273 2.90 2.84 272 2.77 0.07
Total 100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00 _ 100.00  100.00  100.00
20181113L1-2a (Ybt2)

Point no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Average SD
SiO, 70.45 71.49 71.81 70.49 71.52 72.55 72.46 71.58 72.33 72.21 72.89 70.91 71.19 71.02 70.53 71.56 0.80
TiO, 0.16 0.00 0.08 0.00 0.02 0.07 0.12 0.05 0.12 0.00 0.00 0.02 0.15 0.07 0.05 0.06 0.06
AlLO; 11.38 11.57 11.65 11.25 11.55 11.88 11.66 11.49 11.78 11.76 11.98 11.41 11.56 11.58 11.35 11.59 0.20
FeO* 0.95 0.87 0.98 0.85 0.83 0.95 0.85 0.92 0.79 1.07 0.91 0.96 1.13 0.97 0.91 0.93 0.09
MnO 0.13 0.11 0.18 0.11 0.21 0.05 0.11 0.08 0.08 0.03 0.02 0.07 0.10 0.13 0.18 0.11 0.05
MgO 0.08 0.06 0.08 0.09 0.07 0.08 0.04 0.05 0.05 0.00 0.09 0.04 0.05 0.00 0.01 0.05 0.03
Ca0 0.53 0.61 0.58 0.61 0.65 0.64 0.58 0.67 0.60 0.67 0.62 0.56 0.59 0.65 0.61 0.61 0.04
Na,O 3.73 4.04 3.98 3.88 3.93 4.00 3.99 4.04 3.99 412 3.99 3.76 4.03 4.05 4.04 3.97 0.11
K0 2.56 248 2.65 2.49 2.54 2.67 2.51 2.52 2.52 2.55 2.54 2.60 2.54 2.77 2.38 2.55 0.09
Total 89.97 91.23 91.99 89.77 91.32 92.89 92.32 91.40 92.26 92.41 93.04 90.33 91.34 91.24 90.06 91.44
sio, 78.30 78.36 78.06 78.52 78.32 78.10 78.49 78.32 78.40 78.14 78.34 78.50 77.94 77.84 78.31 7826  0.20
TiO, 0.18 0.00 0.09 0.00 0.02 0.08 0.13 0.05 0.13 0.00 0.00 0.02 0.16 0.08 0.06 0.07 0.06
AlLOs 12.65 12.68 12.66 12.53 12.65 12.79 12.63 12.57 12.77 12.73 12.88 12.63 12.66 12.69 12.60 12.67 0.09
FeO* 1.06 0.95 1.07 0.95 0.91 1.02 0.92 1.01 0.86 1.16 0.98 1.06 1.24 1.06 1.01 1.02 0.10
MnO 0.14 0.12 0.20 0.12 0.23 0.05 0.12 0.09 0.09 0.03 0.02 0.08 0.11 0.14 0.20 0.12 0.06
MgO 0.09 0.07 0.09 0.10 0.08 0.09 0.04 0.05 0.05 0.00 0.10 0.04 0.05 0.00 0.01 0.06 0.03
Ca0 0.59 0.67 0.63 0.68 0.71 0.69 0.63 0.73 0.65 0.73 0.67 0.62 0.65 0.71 0.68 0.67 0.04
Na,O 4.15 4.43 4.33 4.32 4.30 4.31 4.32 4.42 4.32 4.46 4.29 4.16 4.41 4.44 4.49 4.34 0.10
K,0 2.85 272 2.88 2.77 278 2.87 272 2.76 273 2.76 2.73 2.88 278 3.04 2.64 279 0.0
Total 100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00 ~ 100.00  100.00  100.00  100.00  100.00 _ 100.00  100.00  100.00







