oood
Journal of Geography
1151 10 1-25 2006

godooobbibggoooobbuogoooaoobbod
ooooobboogaooon

00 0O 000" Oooooooo® ooooooo®
00 o0oooo®™ o oooogote

Stratigraphy and Source Caldera of Pyroclastic Flow Deposits During
the Latest Pliocene to Middle Pleistocene in the Southeastern
Foot Area of the Hakkoda Caldera, Northeast Japan
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Hisashi SASAKI"" and Minoru SASAKI"“"

Abstract
0 O This study shows the stratigraphy, petrography, whole-rock chemistry and paleomagnetic
polarity of pyroclastic flow deposits during the latest Pliocene to Middle Pleistocene in the south-
eastern foot area of the Hakkoda Caldera, Northeast Japan. Six pyroclastic flow deposits are
identified in this area: Kumanosawa Pyroclastic Flow Depositd] Ks[] Takatoge Pyroclastic Flow
Depositd] Tk[] Osegawa Pyroclastic Flow Depositd] Os[] Hakkoda-Ose Pyroclastic Flow Deposits
0 Hto[] Hakkoda 1st-stage Pyroclastic Flow Depositst] Ht10 and Hakkoda 2nd-stage Pyroclastic
Flow Depositsl] Ht2[] in order of decreasing age. These pyroclastic flow deposits have dacitic
to rhyolitic compositions, and show distinct modal compositions and whole-rock major element
chemistry in each. Based on stratigraphy, topography and paleomagnetic polarity, eruptive ages
of the pyroclastic flow deposits are estimated to be as follows: Ks, 1.95-1.77 Ma; Tk, 1.77-1.07
Ma; Os and Hto, 0.99-0.78 Ma; Ht1, 0.76 Ma; Ht2, 0.40 Ma. The source calderas of the Ks, Tk,
Os, and Hto can be estimated from petrological features. The source of the Ks is neither the
Hakkoda Caldera nor Okiura Caldera, and is probably an unidentified caldera. The source of
the Tk may be a low gravity anomaly area® Nenokuchi Caldera” located northeast of Towada
Caldera. The source of the Os is not the Okiura Caldera. The source of the Hto is the Hakkoda
Caldera. This study suggests that the two large-scale pyroclastic flow deposits during 1-2 Ma
erupted from previously unidentified calderas(] one is possibly Nenokuchi Calderall This pro-
poses a revised volcanic history in which the activities of caldera volcanoes overlap each other in
the Hakkoda-Towada Volcanic Region.

i 0pOO00O00000000000000

i gpOoooOooo

b OpoOooO0O000D0O0O0o0O0on

BB5 Geological Survey of Japan, AIST

UE0 Kokusai Kogyo Co., Ltd

UE0 Department of Earth and Environmental Science, Faculty of Science and Technology, Hirosaki University

o

ot —



Key words[] Hakkoda-Towada Volcanic Region, Hakkoda Caldera, Pliocene to Pleistocene, py-

roclastic flow deposits, stratigraphy, whole-rock chemistry, paleomagnetic polarity,

source caldera, Northeast Japan

goooooooo-ooooooo, bobobob, booooboo, boboboo, b, -
goooo, oooooba, gboboo, oogo

IDoooao

gooooddddooooooooooooo
goooooboo11oooo, oobooooa
Jo00oo0Oooboooooo,1989; 0000
00,1993, 0000, 1999; Yoshida, 200111 0 O
goododddddoooooooooooog
goooooooobooooo, oobbooa-
Ogoo0oooobooooono, 19880 OOooo
ooooo, 199200 dooooooooooa,
19890 OOOOODOOO0O, 19920000000
gooooodooooo, oooooooooo
Ogoooobooobooooooooooogoog
0 0O Hildreth, 1981; de Sliva, 19890 00 0O 0O
gooooooooo, ooooooooooo
goooooooboboooo 10000, Oog
goooodooddoo, oooooooooo
goooodoodoooooooooooo, o
gooooddddoo, oooooooooog
gooboddddooooooooooooog
gooooddoddooooooooooooo
oo

goodoo-0oo0booooboooobooooo, o
godbobooooooooooboobo, oooo
godbobobooouoboboboboooo
gooO00ooooOoO0ooODoOoOooooo 1ma
gooooooobooog, booboooooo
35MaJ ODOOOOOOOO24Mad OODO
0000170 09Mal] OODOOOCOODO100O
04Ma O0O0OOOOOO04MalODODOOO
00ooooooboooooo, 1988, o0ooo,
1991; 00,1993 000 O00OODOOCOOO
gdo0oooboooboooobobooooo
O0oooOo,1988M0ooooooooon

0000000000000000 10 000
0100000000H1I000000 2000
OD0O0O0O0OHt200 2000000000000
000000000000000000000
0,1988; 00000, 1990000000, OO
O00O00O00O0H1OO0O0O0O0O0O0OO0OO0OO
000000000010 000000000
000000000000000000000
000000, 1998;, 00000,2002 0000
0,2004; 0 0, 20050 000000199800,
O00DO0H10000DO00O000000O00O
Ooo000000000O00OoOO, 000 O
00000000000 0000000 1m0
00, 000000200200 0000 0000
O000" 00000000000000000
000, 00000000000000000
00 1M00, 000000200400 0000
00000000 0000000000000
00010 00000000000000000
000200500, 0000 H1IOH 200000
000000000000, 000000000
00000000, 0000000000000
00000000 1M000, 0000000
0o, 0000, 00000000000000
000, 0000000000000000
000000000, 000000000000
000000000 0000000000O0O0n
00000000, 0000000000000
0000000000, 000000, 0000
000000000 0000000000O0O0n
0000, 00000000000000000
0, 00000000000000000000
D000, 0000000000 0000

o



140°45'E

141°00E

i
[
|
|
|

4 Quaternary volcanoes
(stratovolcanoes & lava domes)

V‘m Caldera rim
*~_ Inferred caldera rim
" Main river

Hakkoda Caldera

(1.0-0.4 Ma)

44 (0.4-0 Ma)
—————— Mgy - — P o — — — — — —40°40°N-
A, A
2T Study area
@e, } A (Fig. 2)
S5, - A 4 -
'Q/I;Gf A | a A a A e .
) _ | Minami-Hakkoda VG. ~"Oirase River
lkarigaseki Caldera £.. . | (1.0-0.3 Ma)._
(2.4 Ma) "Okiura Caldera /
(1.7-0.9 Ma) |
= 7’§ —————— - — = —l———— —— = — —40°30'N
/ | . |
e .
\‘\\ //I | lA A
A 7 | al
Iaink: il | [
Yunosawa Caldera -._ | Towada Caldera ' 0 5 km
(3.5 Ma) S i , (0.4-0 Ma) : ——
| ' s
| |

01j00o0o0-0o0o00oo0oocO0oo0obo0obo0oo0oo0oooO0ooooO0oOooOooOooOooOOoOoOo
00000000000 000019910 00000200420 0000000020050
oOoooooooO0oOooO0oOooOoboO0OO0oOoO0oOooObOO0OO0OOoO0OOOoOO0cO0OO0OOooOoboOn
oooooo

Fig. 10 Caldera distribution map of the Hakkoda-Towada Volcanic Region. Caldera rim topogra-
phy and inferred caldera rims are from Muraoka et al.0]1 1991(] Kudo et al.0 2004alland
Kudo and Sasaki] 200501 The hatched area shows the study area in this paper. Latitude

and longitude refer to Tokyo Datum.
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Fig. 2.10 Geological map and geological cross-sections of the southeastern foot area of the Hakkoda Caldera.
Location of this area is shown in Fig. 1. Latitude and longitude refer to Tokyo Datum.
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Fig. 40 Modal compositions of strongly welded pyroclastic flow deposits in the southeastern foot area of

the Hakkoda Caldera.
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Table 20 Modal compositions of strongly welded pyroclastic flow deposits in the southeastern foot area of the

Hakkoda Caldera.

Unit” Number vol.O Plg Qtz Opx Cpx Opq Hbl Phenocryst Groundmass
Ht2 HT2-1 22.7 5.1 1.5 1.7 0.6 tr 31.5 68.5
Ht2 HT2-2 23.9 8.8 1.1 1.9 1.0 tr 36.6 63.4
Ht2 HT2-3 27.2 6.0 1.3 1.3 1.0 36.8 63.2
Ht2 HT2-4 26.2 9.2 1.3 1.2 0.6 38.6 61.4
Ht2 HT2-5 30.3 8.4 1.0 1.0 0.8 tr 41.5 58.5
Ht1l HT1-1 19.6 5.0 1.4 0.5 0.6 tr 27.2 72.8
Ht1l HT1-2 22.6 54 1.2 0.6 0.7 30.5 69.5
Htl HT1-3 23.7 6.9 1.5 0.8 0.9 33.7 66.3
Htl HT1-4 26.0 5.1 14 0.7 0.5 tr 33.7 66.3
Htl HT1-5 24.8 7.6 2.3 0.7 1.0 36.4 63.6
Htl HT1-6 315 6.8 1.0 0.3 0.9 40.5 59.5
Hto HTO-1 9.0 - 0.5 0.5 0.3 10.2 89.8
Hto HTO-2 11.1 tr 0.4 0.5 0.4 124 87.6
Hto HTO-3 14.7 - 0.2 0.5 0.2 15.6 84.4
Tk TK-1 22.8 5.8 2.1 0.7 1.3 32.8 67.2
Tk TK-2 27.8 4.2 2.3 1.0 1.0 36.3 63.7
Tk TK-3 27.1 54 2.7 1.1 1.1 37.5 62.5
Tk TK-4 27.6 7.9 1.7 0.9 0.8 38.9 61.1
Tk TK-5 31.0 6.5 2.5 1.1 1.2 42.3 57.7
Ks KS-1 12.8 - 0.9 1.0 0.8 15.5 84.5
Ks KS-2 14.8 - 1.5 1.2 1.0 18.4 81.6
Ks KS-3 194 - 14 1.0 1.0 22.9 77.1

YUnit name: Ht2, Hakkoda 2nd-stage Pyroclastic Flow Deposits; Htl, Hakkoda 1st-stage Pyroclastic Flow
Deposits; Hto, Hakkoda-Ose Pyroclastic Flow Deposits; Tk, Takatoge Pyroclastic Flow Deposits; Ks, Kumanosawa
Pyroclastic Flow Deposits. Abbreviations: Plg, plagioclase; Qtz, quartz; opx, orthopyroxene; cpx, clinopyroxene; opq,
opaque minerals; Hbl, hornblende; tr, trace; -, absent. All samples are strongly welded ignimbrites.
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Fig. 50 Opx/Cpx volume ratio versus total pheno-
cryst content of strongly welded pyroclastic
flow deposits in the southeastern foot area of
the Hakkoda Caldera.
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Table 30 Representative whole-rock major element compositions for pyroclastic flow deposits in the Hakkoda-
Towada Volcanic Region.

Unit''"” Number Samplé’?” wt.0 SiO; TiOs; Al,O; Fe;0s” MnO MgO CaO NaO0 KO P;05 Total

Ht2  HT2-7 P 71.74 046 1502 3.40 0.09 069 3.04 365 174 0.07 99.90
HT2-6 P 71.60 051 1397 386 0.08 094 338 396 164 0.08 100.01
HT2-4 w 68.44 049 1591 386 011 0.70 420 4.04 1.09 0.09 98.93
HT2-8 w 69.81 054 1474 439 010 095 324 351 142 0.08 98.76

Ht1 HT1-7 P 7128 040 14.23 3.00 0.09 0.73 326 381 193 0.07 98.80
HT1-8 S 62.71 090 1556 747 018 2.06 6.08 390 0.77 0.18 99.80
HT1-10 w 67.07 054 1520 432 012 1.09 430 369 114 0.08 9755
HT1-9 w 68.84 046 1514 371 008 0.71 4.16 410 111 0.07 98.39

Hto HTO-4 w 70.14 058 1452 435 0.14 056 3.02 433 120 0.10 98.93
HTO-5 w 68.27 060 14.82 468 0.12 091 388 450 115 0.11 99.04
HTO-6 w 68.73 0.62 1481 464 012 0.76 366 444 117 0.11 99.07
HTO-7 w 69.71 0.60 1454 457 012 069 350 454 118 0.11 99.55

Tk TK-1 w 69.03 059 1566 521 010 110 337 3.04 167 0.07 99.84
TK-6 w 66.63 061 1499 543 011 149 427 342 154 0.09 9858
TK-7 w 67.57 055 14.66 488 0.09 132 424 364 157 0.08 9859
TK-8 w 67.46 056 1455 494 010 140 398 344 166 0.08 98.17

Ks KS-1 w 71.19 069 1334 499 0.08 083 3.02 379 197 0.12 100.02
KS-2 w 67.65 083 1521 598 0.09 080 329 335 171 0.14 99.04
KS-3 w 6791 078 1435 589 009 086 348 352 178 0.13 98.80

Tw-He Th-1 P 68.89 061 1570 3.73 0.12 0.74 297 425 102 0.12 98.14
Th-2 P 69.59 049 1451 3.09 011 0.75 365 430 114 0.11 97.74

Tw-Of To-1 P 7150 046 1455 284 0.10 069 352 444 111 0.09 99.30

Tw-Ok Tg-1 S 6133 097 1565 7.82 017 240 627 367 065 0.18 99.11

Ok Ok-1 P 70.60 039 1588 2.77 0.10 057 311 432 131 0.07 99.10
Ok-2 P 7443 030 13.05 213 0.10 036 192 451 164 0.05 98.50
Ok-3 P 66.16 0.64 16,58 4.05 0.11 095 420 4.13 093 0.14 97.88
Ok-4 P 76.07 029 1285 198 0.10 026 174 386 199 0.05 99.18

“Total Fe as Fe;0;.” "Abbreviations: Ht2, Hakkoda 2nd-stage Pyroclastic Flow Deposits; Ht1, Hakkoda 1st-stage
Pyroclastic FlowDeposits; Hto, Hakkoda-Ose Pyroclastic Flow Deposits; Tk, Takatoge Pyroclastic Flow Deposits;
Ks, Kumanosawa Pyroclastic Flow Deposits; Tw-Hc, Towada-Hachinohe Pyroclastic Flow Deposits; Tw-Of, Towada-
Ofudo Pyroclastic Flow Deposits; Tw-Ok, Towada-Okuse Pyroclastic Flow Deposits; Ok, Aoni Tuff.” *“Abbreviations: P,
pumice; W, welded part; S, scoria.
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Fig. 60 Harker diagrams for the whole-rock major element chemistry of pyroclastic flow deposits in the
southeastern foot area of the Hakkoda Caldera.
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Fig. 70 Whole-rock K;0-SiO; diagram for ignim-
brites from the Towada, Hakkoda, and Okiu-
ra calderas.
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Fig. 80 Progressive demagnetization results for test samples of Takatoge Pyroclastic Flow Deposits] upper: orthogo-
nal vector diagrams, lower: decay curves of remanent magnetizationl Solid and open circles are projections
on horizontal and north-south vertical planes, respectively. PThD, progressive thermal demagnetization;

PAFD, progressive alternating field demagnetization.
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Table 40 Site-mean paleomagnetic data for Takatoge
Pyroclastic Flow Deposits.

Sample N D I K o5

Tk-Site 2 6 2129 0404 156.7 54

Tk-Site 3 6 2111 0452 6112 2.7

N: number of samples, D: declination, I: inclination,
K: precision parameter, tgs: radius of 950 confidence
cone.
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