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Effective Method for Tephra Correlation on the Basis of Petrological Characteristics:

Outcrop Database of Large Scale Pyroclastic Flow Deposits

around Akan and Kutcharo Volcanoes, Eastern Hokkaido, Japan

Takeshi HASEGAWA™ and Mitsuhiro NAKAGAWA

This paper introduces a practical use of outcrop data in determining the correlation, stratigraphy and distribution of
large-scale pyroclastic flow deposits (PFL). The studied area is the Akan and Kutcharo volcanic zone in Eastern
Hokkaido, Japan, which have had a long and complex history of more than 20 caldera-forming eruptions during the
Quaternary. A database of the stratigraphy and glass chemistry for the more than 20 PFL can be established by studying
a sufficient number of representative outcrops. We found representative outcrops where stratigraphic relationships
between several PFL can be observed at the same time. We analyzed glass chemistry of juvenile pumices (> 10 clasts)
of the PFL. The database enables to identify all exposed PFL in this area, thus allowing us to draw detailed maps of the
distribution for each PFL. The database can be also used for correlation and chrono-stratigraphic determination of
reworked volcanic deposits, such as terrigenous marine deposits in Kushiro region, located on the plains at the foot of

Akan and Kutcharo volcanoes.
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Fig. 1.

Map showing the distribution of Akan and Kutcharo pyroclastic flow deposits (PFL) on a shaded

relief map demonstrating digital topography of Eastern Hokkaido illuminated by sunlight from the
NW direction. Star indicates the location of the outcrop of Fig. 2 (Kitami-Kaisei).
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Fig. 2. An outcrop of Kitami-Kaisei (star in Fig. 1) (re-
printed from the Fig. 10 of Hasegawa and Nakagawa,
2007). Kp and Ak are pyroclastic flow deposits from
Kucharo and Akan volcano, respectively. Note that at
this outcrop, deposits from the two volcanoes inter-
finger (e.g., Ak2 and Akl occur between KpVI and
KpV). Kp I (chemical compositions of which are
shown in Fig 3) extends to the left of the picture
between the tree line and the top of Kp IV. The
unlabelled layer between KpVIII and KpVI is
reworked material of KpVIII. (car for scale)

Vi S BEIN T IS ET 2604\, 728 %
£, 20 JTAERTLARE LI L 72 BT 22 - JEAHE K o i b
O IEEGCHE, FRE 2 S 4 40 km JLPE 2B 2L L
FABICHAAES % (Fig. | ORHIONE). T OFETIE,
TR S TR AR A VI (Kp VIID, [F VI (Kp VI), B
FENWETT 2 (AK2), [[] 1 (AkD), HEFHEBAH V (Kp V), [
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Table. 1. All data are normalized to 100%. FeO¥*, total
iron calculated as FeO.

wt.% Si0, TiO, ALO; FeO* MnO _ MgO Ca0 _ Na,0 K0

Kpl 77.92 039 1243 158 0.00 0.36 143 354 235
7827 0.46 12.33 1.68 0.01 0.28 1.30 339 228
71.79 0.38 12.48 1.62 0.01 0.28 147 3.69 228
78.05 027 1225 171 0.00 032 141 3.66 234
78.16 0.36 12.44 1.61 0.00 035 135 344 229
78.08 0.36 11.88 1.40 0.19 039 1.46 4.02 222
77.98 0.44 11.96 152 0.05 0.36 137 4.03 229
71.99 0.35 1221 145 0.08 027 133 4.01 230
77.69 029 1212 1.56 0.10 0.38 1.49 397 239
77.86 0.33 12.11 1.64 0.12 032 131 4.01 230
77.90 0.32 11.89 131 0.20 0.44 1.36 4.19 2.40
78.16 0.18 12.03 1.47 0.24 0.29 127 4.06 2.30
78.01 029  1L79 1.58 0.11 042 1.41 4.05 233

Kplv 77.93 039 1228 171 0.02 0.36 122 4.15 1.93
77.89 0.41 1227 1.82 0.00 0.40 127 4.03 1.90
77.85 0.41 12.13 171 0.03 0.46 1.39 4.07 1.95
77.93 0.30 12.01 1.82 029 037 117 4.14 1.96
77.91 0.24 12.53 1.55 0.01 0.39 116 4.36 1.84
78.17 0.35 12.10 1.70 0.00 0.46 124 4.18 1.80
78.00 0.51 12.08 1.87 0.00 0.41 1.36 4.01 177
77.67 0.38 12.04 2,05 0.07 045 127 429 1.78
78.11 0.44 12.11 1.78 0.00 032 124 4.06 1.95
78.10 0.32 12.12 1.68 0.15 0.34 113 4.25 1.91
77.85 0.31 12.23 175 0.21 039 118 4.13 1.95
77.93 0.31 12.16 1.92 0.07 0.36 127 4.12 1.87

KpV 75.83 0.59 12.76 212 0.15 0.50 1.74 4.40 193
75.75 0.44 12.71 2.10 0.16 0.62 1.70 4.63 1.89
76.08 0.57 12.46 229 0.07 047 1.68 4.52 1.86
76.25 0.51 12.73 2.05 0.09 0.53 1.72 424 1.87
7542 0.63 12.86 2.14 0.15 0.50 1.74 4.62 1.93
75.83 0.40 12.88 2.10 0.17 0.50 1.72 442 1.98
76.01 0.56 12.69 217 0.13 047 1.76 421 1.99
76.09 0.34 12.89 230 0.00 0.53 1.67 4.32 1.86
76.20 0.35 12.71 1.89 0.18 0.61 177 433 1.98
76.06 0.34 12.68 220 0.17 047 175 4.36 1.98

Akl 77.03 0.44 12.14 2.10 0.00 0.38 145 3.76 2.70
77.31 0.36 11.89 211 0.00 0.38 1.44 392 2.60
76.93 0.36 12,12 1.82 0.09 0.47 1.57 391 2.74
77131 0.40 11.98 1.98 0.00 0.40 1.39 373 282
76.95 0.33 1222 1.96 0.19 0.36 143 392 264
77.04 0.43 12.13 1.70 0.14 045 1.48 397 2,65
7773 0.23 12.15 151 0.01 0.30 1.53 3.82 272
77.12 0.54 11.98 2.02 0.17 031 145 3.74 267
77.38 0.34 12.08 215 0.00 0.30 147 3.74 255
77.40 0.37 12.08 1.68 0.17 0.39 1.45 3.90 2.56
77.30 0.43 12.16 1.94 0.00 0.43 141 376 256
77.29 0.46 12.25 191 0.00 035 1.45 376 253

Ak2 74.37 0.33 12.87 344 021 0.36 1.73 3.87 282
7427 0.43 12,97 3.50 0.00 0.32 1.64 4.13 2.74
74.04 0.38 13.22 3.44 0.00 0.38 1.78 4.03 2.74
73.55 0.50 13.02 3.65 0.04 047 1.88 4.14 274
73.74 0.37 12.96 355 0.09 0.48 1.83 4.14 285
65.90 1.22 14.52 6.32 0.16 1.83 421 3.80 2.04
64.80 124 14.72 6.60 0.17 229 443 3.83 1.91
64.49 129 15.02 6.94 0.11 2.05 438 37 1.94
67.75 1.08 14.22 539 0.08 1.59 3.76 395 218
64.74 1.26 14.95 6.72 0.26 2.02 4.54 361 1.91
73.96 0.48 12.81 3.86 0.04 0.34 1.80 387 284
73.94 0.58 13.20 3.50 0.05 033 1.66 399 276
73.90 0.44 13.10 339 0.14 0.48 1.76 4.04 274
73.83 0.48 13.16 3.58 0.16 0.46 1.75 3.99 2.58
73.65 0.43 13.58 353 0.08 043 1.64 392 274

Kp VI 7721 0.23 12.38 1.67 0.22 0.44 1.50 434 2,02
77.12 0.50 12.47 1.50 0.01 0.51 1.59 4.16 213
76.62 0.34 12.60 1.54 0.18 0.59 1.59 434 220
76.82 0.35 1291 1.76 0.07 0.40 1.48 4.15 2,05
76.99 039 1265 1.65 0.07 0.50 1.59 397 2.18
7717 0.36 12.74 1.56 0.10 0.42 1.59 3.94 212
76.92 0.55 12.53 1.66 0.20 0.40 1.61 3.96 217
7729 0.38 12.53 1.76 0.06 035 1.47 4.02 2.14
77.30 0.45 12.72 1.46 0.00 0.32 1.44 4.11 2.19
77.02 0.34 12.67 1.84 0.16 0.34 145 3.94 224
77.01 0.40 12.73 1.76 0.04 037 1.44 4.09 215
7729 0.38 12.78 1.60 0.00 033 141 4.13 2.08
7725 0.36 12.55 1.82 0.01 0.39 1.40 4.03 218

Kp VI 78.38 0.27 12.13 139 0.04 0.38 122 351 2.68
77.84 0.28 12.38 148 0.06 035 124 384 253
78.09 0.32 12.12 1.66 0.11 032 118 3.67 253
78.11 0.43 12.25 1.30 0.19 0.26 111 383 252
78.06 029 1208 1.56 0.12 022 113 389 265
78.16 0.34 12.13 1.57 0.09 0.25 1.18 374 253
77.89 0.40 12.14 151 0.14 035 1.19 387 2.50
78.03 0.33 12.16 1.60 0.00 033 113 3.86 2.56
78.17 0.37 12.19 1.44 0.10 0.21 112 391 249
78.05 037 1219 1.50 0.13 0.25 124 3.80 247
7791 0.34 12.18 1.60 0.00 037 119 387 254
78.18 0.36 12.25 137 0.00 0.36 128 374 246
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Fig. 3. KO - SiO, variation diagram of matrix glass for

juvenile materials from each pyroclastic flow deposit
at the outcrop of Kitami-Kaisei as in Fig. 2. All data
are normalized to 100 %.
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Fig. 4. Representative glass compositions from samples of
pumice clasts and welded tuffs from the Kushiro
Formation (modified from the Fig. 7 of Hasegawa et al.,
2011). Compositional fields of Akan tephras (Ak13-
Ak17: (Hasegawa and Nakagawa, 2007) are also shown.
All data are normalized to 100 %.
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Fig. 5. Diagram showing the relationship between the

distance from the center of Akan caldera and the aver-
age of 3 largest lithic fragments found in surface of the
outcrop (ML) of Akan pyroclastic flow deposits
(modified from the Fig. 18 of Hasegawa and Nakagawa,
2007). All data comes from outcrops in southeastern
side of Akan caldera except for Akl and Ak2. VEI-6
eruptions are plotted between two dashed lines.
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