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Eruption Age and Sequence of Ogurayama Lava Dome
at Towada Volcano, Northeast Japan Arc

Takashi Kupo*

Towada volcano is an active volcano located in the northern part of the Northeast Japan arc. Ogurayama
Lava Dome (OLD), which is a dacitic lava dome located near the center of Towada volcano, has been regarded
as a product of the latest eruptive episode A. In this paper, the author reports that the OLD is older than
previously thought and that it was formed at the end of eruptive episode D’.

The OLD overlies pyroclastic deposits of the eruptive episode E and is overlain by pyroclastic deposits of the
eruptive episode C. These stratigraphic relations restrict the eruption age of the OLD to 9.2-6.2 calkyr BP.
Within this time interval, two eruptive episodes (D’ and D) are recognized as tephra fall deposits in the distal area.
The distribution of Herai Ash from the eruptive episode D shows that the source vent is located in the vicinity of
the OLD. Furthermore, the petrological features of the OLD closely resemble those of the Herai Ash. These
observations indicate that the OLD is the product of the eruptive episode D’ (7.5 calkyr BP).

The probable eruption sequence of the eruptive episode D’ is as follows. Intermittent phreatomagmatic
eruptions occurred in the earliest stage. These eruptions produced the lower part of the Herai Ash. Subsequent
lava eruptions formed the OLD and accompanied intermittent vulcanian eruptions produced the main part of the

Herai Ash.

The source vent of the eruptive episode A is not the Ogurayama, because the Ogurayama was formed before

this episode.

Since the only crater topography currently recognized in the Towada volcano is the Nakanoumi

crater (NC), the source vent of the eruptive episode A is considered to be the NC.

Since the NC has been the main crater throughout the post-caldera stage, future eruptions will probably occur
in the NC. There is the current NC at the bottom of the lake of 320m in depth. A detailed examination of
probable eruption style in the future will be required for predicting volcanic hazard of Towada volcano.

Key words: Towada volcano, Ogurayama Lava Dome, stratigraphy, eruption age, eruption sequence, eruptive

episode D’, eruptive episode A
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Fig. 1. (a) Topographical map of Towada volcano showing the locality of outcrops. (b)
Location map of Towada volcano. (c) Topographical map of Ogurayama Lava Dome
showing a survey route and the locality of outcrops. A part of 1: 25,000 topographic map
“Towadako-toubu” published by the Geographical Survey Institute is used.
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Fig. 2. Eruptive history during the post-caldera stage
of Towada volcano. Ages: *Machida et al. (1981)
and Hayakawa and Koyama (1998); **Kudo and
Sasaki (2007); ***Kudo et al. (2003); ****Kudo
(2008) ; *****Horiuchi et al. (2007).
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Table 1.

p==3
=

Modal compositions of eruptive rocks from the eruptive episodes A to G in Towada volcano.

1L THHEKLEA T EY = F A~GEHYIO € — Nk

Episode Unit Name Number Sample* Method** vol. % Pl Opx  Cpx Ol Opq Phenocryst Groundmass
A Kemanai Ak-1 WP B 1028 0.80 0.18 - 0.21 11.47 88.53
A Oyu1 Ao-1 WP B 868 062 021 - 0.16 9.67 90.33
B Mayoigatai Bm-1 oB A 646 055 0.25 - 0.58 7.84 92.16
B Mayoigatai Bm-2 WP B 6.51 061 0.08 - 0.15 7.35 92.65
C Utarube Cu-1 WP B 18.60 1.47 1.70 - 0.65 2241 77.59
Cc Utarube Cu-2 WP B 1695 166 1.62 - 0.31 20.55 79.45
C Kanegasawa Ck-1 WP B 1791 140 1.21 - 0.70 21.22 78.78
C Chuseri Cc-1 GP B 1436 175 121 054 1.06 18.92 81.08
C Chuseri Cc-2 WP B 15.01 142 1.1 tr 0.43 18.02 81.98
D' Herai D'h-1 GP A 651 062 0.29 - 0.43 7.84 92.16
D' Herai D'h-2 GP A 6.34 075 027 - 0.29 7.65 92.35
D' Herai D'h-3 GP A 643 036 0.28 - 0.46 7.53 92.47
D Oguni Do-1 WP B 785 063 046 tr 0.20 9.14 90.86
D Oguni Do-2 WP B 765 048 0.30 tr 0.12 8.55 91.43
D Oguni Do-3 GP A 684 071 0.51 0.40 8.45 91.55
E Nambu En-1 WP B 1737 278 249 - 0.92 23.55 76.45
E Nambu En-2 WP B 1545 286 277 - 1.41 22.49 77.51
E Nambu En-3 WP B 18.02 2.17 1.53 - 0.56 22.27 77.73
F Kabayama Fk-1 SC A 1080 297 285 - 0.92 17.54 82.46
F Natsuzaka Fn-1 SC A 8.23 033 1.26 - 0.50 10.32 89.68
F Natsuzaka Fn-2 SC A 584 026 084 tr 0.58 7.52 92.48
G Shingo Gs-1 WP B 1218 063 0.50 0.26 13.57 86.43
Pumices at loc. 3 Pm-1 WP B 1512 2.00 1.50 - 0.86 19.48 80.52
Ogurayama Og-1 Lava A 940 069 040 0.69 11.18 88.82
Ogurayama Og-2 Lava A 954 056 0.34 - 0.37 10.80 89.20
Ogurayama Og-3 Lava A 916 0.80 0.32 - 0.32 10.60 89.40
Ogurayama Og-4 Lava A 880 058 037 - 0.26 10.01 89.99
Dacite gravels (layer E) atloc. 3 Dg-1 Block A 933 058 035 - 0.49 10.74 89.26
Dacite gravels (layer L) atloc. 3  Dg-2 Block A 8.22 047 040 0.40 9.49 90.51
Dacite lapilli (layer F) atloc. 3~ DI-1 DL A 959 0.64 0.35 - 0.54 11.12 88.88
Dacite lapilli (layer F) at loc. 3 DI-2 DL A 8.73 067 0.74 0.54 10.68 89.32

*Sample type: WP, white pumice; GP, gray pumice; SC, scoria; OB, Obsidian; DL, dense lapilli. **Methods for measuring modal compositions, see text
in detail. Abbreviations: PI, plagioclase; Opx, orthopyroxene; Cpx, clinopyroxene; Ol, olivine; Opqg, opaque minerals; tr, trace; -, absent.
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Table 2. Representative whole-rock major element compositions for eruptive rocks from the
eruptive episodes A to G in Towada volcano.
#£ 2. PRIEKILIEKT £ — ¥ A~G B REN SRR L0525 LA,

Episode Unit Name Number Sample** wt%  SiO, TiO, AlLO; Fe,03* MnO MgO Ca0O Na,O KO P,0s Total LOI
A Kemanai A2 WP 7084 063 1451 367 0127 110 362 427 114 016 10007 14
A Kemanai Ak-3 GP 6841 075 1487 447 0136 136 421 414 108 020 9962 15
A Oyu2 Ao2 WP 7236 055 1426 340 0122 080 320 437 119 013 10008 26
A Oyu 1 Ao3 WP 7183 057 1433 316 0123 081 324 441 118 014 9979 20
B Mayoigatai Bm1 OB 7374 043 1383 245 0111 058 262 462 124 007 9970 1.2
B Mayoigatai Bm3 WP 7280 047 1447 276 0120 069 291 442 119 009 9992 23
c Chuseri Cc3 WP 67.01 075 1556 491 0129 146 484 38 096 018 9967 20
c Chuseri Ccd WP 66.28 079 1565 510 0131 151 500 380 093 018 9936 17
c Chuseri Ccs  GP 61.90 088 1633 667 0145 218 600 354 076 017 9858 14
D Herai Dh3  GP 67.87 070 1584 431 0120 111 435 412 091 015 9947 24
D Herai Dh4  GP 68.35 068 1559 414 0119 107 427 420 096 014 9951 23
D Herai Dh5  GP 68.26 068 1538 418 0120 111 429 420 097 015 9942 22
D Oguni Do3  GP 6872 061 1541 368 0106 096 429 424 104 013 9918 16
D Oguni Do4  GP 68.82 061 1530 369 0112 092 419 422 104 013 9903 20
D Oguni Do5  GP 68.36 060 1560 375 0108 100 443 409 102 013 9910 17
E Nambu End WP 6436 082 1607 634 0126 197 560 351 089 016 9983 23
E Nambu En-5 WP 6395 083 1609 640 0129 203 560 344 087 016 9950 2.1
E Nambu En6 WP 6445 081 1576 620 0125 199 568 352 091 016 9960 22
F Kabayama Fk-2 sC 5759 091 1688 887 0144 378 777 261 056 015 9926 2.1
F Kabayama Fk-3 sc 56.84 089 1658 9.24 0149 402 868 267 050 013 9969 0.1
F Natsuzaka Fn-3 sc 59.02 098 1665 863 0143 272 759 302 059 015 9949 05
F Natsuzaka Fn4 sc 6151 098 1618 802 0143 219 680 331 067 017 9997 03
G Shingo Gs1 WP 66.31 085 1564 548 0125 148 513 391 092 019 10003 14
G Shingo Gs2 WP 6590 0.84 1563 542 0121 143 514 384 094 020 9945 1.8
G Shingo Gs3  GP 6594 084 1545 550 0122 153 512 388 094 018 9951 14

Pumices at loc. 3 Pm2 WP 67.23 074 1545 481 0129 137 482 393 094 016 9959 32

Pumices at loc. 3 Pm3 WP 66.46 077 1571 494 0128 144 491 387 093 017 9933 32

Pumices at loc. 3 Pm4 WP 66.90 074 1557 480 0127 142 483 399 095 016 9950 3.2

Pumices at loc. 4 Pm5 WP 66.50 075 1572 4.98 0132 149 482 396 093 016 9945 26

Pumices atloc. 4 Pm6 WP 66.65 076 1579 499 0131 149 48 394 092 016 9967 23

Pumices at loc. 4 Pm7 WP 6622 076 1585 4.97 0130 148 484 393 091 016 9924 26

Pumices at loc. 2 Pm8 WP 6490 078 1532 590 0122 189 548 370 094 015 9918 16

Pumices at loc. 2 Pm9  SC 6475 076 1554 587 0121 185 565 363 092 016 9926 16

Ogurayama Og4 Lava 68.55 066 1504 403 0120 104 429 433 096 014 9916 02

Ogurayama Og-5  Lava 68.98 065 1506 4.09 0119 107 433 426 098 015 9969 03

Ogurayama Og-6  Lava 68.88 067 1503 413 0119 115 433 425 096 017 9969 02

Dacite gravels (layer E) atloc. 3 Dg-1  Block 68.61 067 1510 409 0119 111 426 415 091 015 9915 05

Dacite gravels (layer L) atloc. 3 Dg-2  Block 68.80 067 1525 415 0121 112 434 405 093 016 9960 09

Dacite lapill (layer F)atloc. 3 DI-1 DL 68.92 068 1517 404 0118 107 428 426 101 014 9968 1.1

Dacite lapill (layer F) atloc. 3~ DI-2 DL 68.60 067 1528 411 0118 111 432 420 095 016 9953 1.0

Dacite lapill (layer F) atloc. 3 DI-3 DL 68.65 069 1534 425 0120 113 430 404 102 014 9969 1.9
Standard deviation 20 0158 0.006 0.097 0.030 0001 0.060 0028 0.097 0.007 0.005

*Total Fe as Fe,0s. **Sample type: WP, white pumice; GP, gray pumice; SP, streaky pumice; SC, scoria; OB, Obsidian; DL, dense lapilli. LOI: loss on ignition.

**Standard deviation was calculated from the result of repeated 10 times measurements of JB-1a, which is one of GSJ (Geological Survey of Japan) Reference Samples.
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Fig. 3. A stratigraphic columnar section at the crater

wall of Nakanoumi (loc. 1). Its location is shown

in Fig. lc.
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Fig. 4. Whole-rock TiO,-SiO, and MnO-SiO, diagrams for eruptive rocks from the eruptive
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episodes C, E and G. The other eruptive rocks during the post-caldera stage of Towada
volcano are plotted in the outside of these frames.
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Fig. 5. A stratigraphic columnar section at the southeast
of Ogurayama (loc. 3).
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Fig. 6. Modal compositions of eruptive rocks from the eruptive episodes A to G in Towada volcano.
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Fig. 8. A sketch of a fallen tree near the summit of

Ogurayama (loc. 4). Its location is shown in Fig. lc.
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Fig. 9. Correlative stratigraphic columns for representative sections. Locations of each section are shown in Fig. la.

9. RURMLBFEIRICH T 2 MBS IR, BWrmofLE Z X 1a 1287,



100 Tk

]
11
=
s

soil
Jash.

Pumice lapilli
fall deposits

° Stratified ash fall deposits
=]
o
n
o
(7]
@ I - e e e ]___'[
2 —— | Grayish blve 5 ) &=
& —BEITE . Stratified ! ea!
= __—— |Crayishredpuple  ashfall | gg I
w =" i © S|
Light gray deposits : = g |
%2 - E i I'“'{
q I
D 338520550055850 ) . I !
55 Pumice lapilli Iz E
Qg = e—
fall deposits : 2E
8 10g |
3 393508 I !
3 p200002; | I

Bl —

Eruptive episode

-

Pl

lapilli & block

soil
f }ash '

Pumice lapilli
fall deposits

Bluish gray

— Stratified ash
— fall deposits

— orange
Bluish gray

GooopoonoGoRooag

. Ash-coated pumice
y Lant 9% |apilli fall deposits
) ) Indurated ash
Light brownish .
v AN BrEUnISTORY fa)) deposits

. B B e B

m Indurated ash

10cm Brown soil
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Locations of each section are shown in Fig. la.
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Fig. 11. Isopach maps for tephras from the eruptive episode D (upper) and D’ (lower). Numerals show
the thickness of tephra in centimeters. A part of thickness data for Oguni Pumice (marked by *) is
quoted from Hayakawa (1985).
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Fig. 12. Photomicrographs of grains in tephra samples. (a) The middle unit of Nakanosawa Ash. It contains
blocky and flaky glass fragments, spongy pumices and fresh dacite blocks. (b) Thin section of the middle unit
of Nakanosawa Ash (open nicol). (c) Herai Ash. Most grains are fresh dacite blocks. It contains small
amount of spongy pumices. (d) Thin section of Herai Ash (open nicol). All grains are fresh dacite blocks.
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Fig. 13. Relation between the area enclosed by isopachs
(S) and the thickness (T), for Nakanosawa Ash
and Herai Ash. Broken lines are iso-volume lines
assuming a relation ¥'=12.2 TS presented by Haya-
kawa (1985) (see text in detail).
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Fig. 14. Whole-rock TiO,-SiO, and MnO-SiO, diagrams for the eruptive rocks from
the post-caldera stage of Towada volcano.
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Schematic diagrams showing the eruption se-
(A) Initial
phreatomagmatic eruptions and sedimentation of
the lowermost and lower parts of the Herai Ash.

(C) Growth of the
Ogurayama Lava Dome and intermittent vulcanian
eruptions that produced the main part of the Herai
Ash. (D) After the eruption.
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(B) Initiation of lava effusion.
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