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Genetic Relationships of the Compositionally Diverse Magmas
from Aso Post-caldera Volcanism

Masaya Mivosur*, Toshiaki HasENaka** and Takashi SaANO***

Between 270 and 90ka, Aso volcano produced four large caldera-forming pyroclastic flows, all of which
probably derived from a single zoned magma chamber, as suggested by previous geological and geochemical
studies. On the other hand, after 90ka, for the post-caldera activities, it is difficult to create a wide compositional
range of post-caldera magmas from a single magma chamber model, when the following observations are
considered. (1) Seven distinct magma groups with distinct petrographic and compositional characteristics are
found; I.2px-rhyolite, II. bt-rhyolite, IIl. hb-dacite, IV. 2px-dacite, V. aphyric andesite, VI. porphyritic andes-
ite, VL. basalt-basaltic andesite. (2) Incompatible trace element plots show that the seven magma groups were
(3) Vents

extruding basaltic magmas are centered in the caldera, whereas those extruding andesitic, dacitic, and rhyolitic

formed by at least four end-member magmas that do not show parent-daughter relationships.

magmas are distributed around them. These observations indicate that several (at least four) magma chambers
are developed during the post-caldera activities, and that the compositional diversity of the magmas can be
explained by magma mixing among the end-member magmas in addition to fractional crystallization.

Key words: Aso caldera, post-caldera volcanic products, compositional variation of magma, vent distribution
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the volcanic front (broken line) associated with
the subducting Philippine Sea Plate. Shaded
circles indicate large calderas in Kyushu. Open
triangles show active volcanoes.
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Fig. 2. Block diagram showing the history of the development of Aso volcano.

This diagram is based on Ono

and Watanabe (1985), Watanabe (2001), Masuda et al. (2004) and Miyabuchi et al. (2004).
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Table 1. Modal analyses and averaged grain size of plagioclase phenocrysts of representative
rock samples from each group in the post-caldera stage of Aso volcano.

Sample AS2837 ASK217 ASHTO01 ~ ASK3463 AS1017 AS025 AS044
Lava name Otg Tkn Hnt Ttn Ngn Swt Hks
Group 1 1 I v v I\ IV
ol (vol. %) - - - - - - -
opx <1 <1 <1 <1 <1 <1
cpx <1 <1 <1 <1 1 < <
hb - - <1 - - - -
bt - 1 - - - - -
pl 4 9 5 7 7 7 9
opq 1 <1 <l <1 <1 <1 <1
gm 94 89 93 92 91 91 90
ph 6 11 7 8 9 9 10
Grain size of pl (mm) 0.6 04 0.5 0.7 0.6 0.6 0.6
10 0.2 0.1 0.2 0.1 0.2 0.2 0.2
Sample ASKS01 AS083 ASTS60 AS035 AS030 ASKS02 AS060
Lava name Kss (W) Tch Krs Okm Ebs Kss (c) Nrd
Group v \ VI VI VI VI VI
ol (vol. %) - - - - - - <1
opx <1 <1 2 2 3 1 <1
cpx 2 2 3 5 5 4 8
hb - - - - - - -
bt - - - - - -
pl 12 8 34 28 38 31 32
0pq 1 < 1 <1 2 2 3 2
gm 84 89 60 63 52 60 57
ph 16 11 40 37 48 40 43
Grain size of pl (mm) 0.5 0.5 14 1.0 1.0 1.1 0.9
10 0.1 01 0.6 02 02| 03 03
Sample AS050 AS040 AS065 AS039 AS1029 AS047 AS046
Lava name Akm Ymn Ayg Mitn Ysh Mry Tkd
Group VI VI VI VI Vil VI VI
ol (vol. %) <1 <l 2 3 4 1 3
opx 3 <1 <1 <1 <1 <1 <1
cpx 9 3 7 11 8 7 10
hb - - - - - - -
bt - - - - - - -
pl 30 39 39 29 37 42 26
opg 2 1 <l 1 <1 3 1
gm 55 57 52 55 51 46 60
ph 45 43 48 45 49 54 40
Grain size of pl (mm) 1.2 09 0.9 0.8 0.8 1.1 1.0
10 04 03 0.2 03 0.2 04 03
Sample AS026 AS028 AS051 AS077 AS045 AS043 Vb-01
Lava name Ksh Kmt 0Ojd Aks Nkd (O) Nkd (Y) Nkd (Y. P.C)
Group I VI VI VI VI VI VI
ol (vol. %) 1 2 1 1 5 2 1
opx <1 1 <1 <1 1 <l <1
cpx 9 7 7 9 5 7 9
hb - - - - - - -
bt - - - - - - -
pl 32 33 37 28 33 35 39
opq 1 1 <1 2 <1 1 2
gm 56 56 54 60 55 54 49
Dbh 44 44 46 40 45 46 51
Grain size of pl (mm) 12 12 1.1 16 1.1 12 1.0
10 03 03 03 06 04 04 02

Abbreviations ; Otg = Otogase ; Tkn = Takanoobane; Hnt = Hontsuka; Ttn = Tateno; Swt = Sawatsuno; Ngn =
Nagano; Hks= Hakusui; Kss= Kusasenrigahama; Tch = Tochinoki; Krs= Karisako; Ebs = Eboshidake; Okm =
Okamadoyama; Ymn = Yomineyama; Akm = Akamizu; Nrd = Naraodake ; Tkd = Takadake ; Mry =Maruyama;
0jd=0Ojodake ; Kmt=Kometsuka; Kkm =Kamikometsuka; Ksh=Kishimadake; Aks= Akase; Mtn=Matsunoki;
Ysh=Yoshioka; Ayg=Ayugaerinotaki; Nkd =Nakadake. (W)=welded pyroclastic rock; (C)=central cone;
(O)=old volcanic edifice; (Y)=young volcanic edifice; (YP)=youngest pyroclastic cone; ol=olivine; cpx =
clinopyroxene; opx =orthopyroxene; bt =biotite; pl=plagioclase; opq=opaque minerals; gm = groundmass; ph=
phenocryst. Names of volcanic products are based on Ono and Watanabe (1985), Watanabe (2001), Masuda
et al. (2004), and Miyabuchi et al. (2004). ASK217, ASK3463: Drilling core samples from Takanoobane volcano.
They were provided by Aso Volcanological Laboratory.
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Table 2. Major and trace element data for samples from post-caldera volcanic stage of Aso.

Sample AS2837 AS28372 ASK217 ASK494 ASK630 ASTS251  AS063  AS064  AS076 ASHTOI
Lava name Otg Otg Tkn Tkn Tkn Tkn Tkn Tkn Tkn Hnt
Group No. I I 1I 1 1I 1 1I 1I 11 il
Si0, (Wt. %) 71.29 71.36 70.77 71.00 71.09 70.23 69.77 69.76 69.77 68.63
TiO, 0.39 0.39 0.42 0.43 0.43 0.44 0.44 0.44 0.44 0.59
ALO; 13.92 13.93 14.73 14.98 14.98 14.76 14.72 14.75 14.83 15.35
Fe,05 2.75 2.58 2.80 2.36 2.16 2.44 2.83 2.90 2.85 2.57
MnO 0.04 0.04 0.08 0.07 0.07 0.08 0.08 0.08 0.08 0.10
MgO 0.59 0.57 0.54 0.54 0.53 0.57 0.55 0.54 0.57 0.61
CaO 1.36 1.30 1.03 1.11 1.09 1.13 1.11 1.12 1.15 1.70
Na,O 3.47 3.45 4.76 4.81 4.80 4.81 4.84 478 4.79 4.78
K,O0 5.54 5.57 4.87 4.81 4.83 4.80 4.69 477 4.75 4.24
P,0s 0.06 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.10
Total 99.42 9923 100.06 100.17  100.04 9931 99.08 99.18 99.27 98.67
Ba (ppm) 627 621 755 755 781 769 807 787 764 758
Cr 8 8 8 8 5 6 7 7 7 -
Nb 16 15 16 15 15 15 15 15 15 16
Ni 9 9 10 10 9 10 10 10 12 12
Rb 203 205 165 161 163 165 161 162 161 139
Sr 143 139 118 139 136 138 133 139 138 246
\% 25 30 16 15 20 13 14 21 41
Y 27 27 35 34 37 36 37 36 35 38
ZL 300 308 353 348 356 357 353 336 343 263
Sample ASHTO02 ASK1109 ASK1127 ASK3112 ASK3118 ASK3124 ASK3463 AST8257  AS023  AS025
Lava name Hnt Ttn Ttn Ttn Ttn Ttn Ttn Ttn Ttn Swt
Group No. I \Y \Y J\ \Y v v J\Y \Y I\
Si0, (Wt. %) 68.74 65.94 66.55 66.14 66.44 66.38 66.04 66.19 65.48 65.27
TiO, 0.58 0.68 0.67 0.69 0.70 0.69 0.70 0.68 0.68 0.78
ALO; 15.45 16.27 16.17 16.07 16.14 15.95 16.08 1593 15.93 15.62
Fe,05 2.59 425 3.76 4.49 4.08 4.43 422 459 4.77 4.66
MnO 0.10 0.10 0.10 0.08 0.08 0.08 0.10 0.10 0.10 0.13
MgO 0.61 1.02 0.97 0.99 1.00 0.96 1.05 0.98 1.05 1.18
CaO 1.72 2.73 2.59 261 2.59 2.49 2.70 2.52 2.74 2.66
Na,O 4.79 458 4.57 4.56 4.56 4.58 4.58 4.57 4.54 4.83
K,O 424 3.96 4.06 4.01 4.03 4.08 3.98 4.06 3.96 3.79
P,05 0.10 0.13 0.12 0.13 0.12 0.12 0.13 0.13 0.13 0.16
Total 98.92 99.65 99.56 99.77 99.74 99.76 99.57 99.75 99.37 99.08
Ba (ppm) 788 697 688 720 713 673 687 703 681 727
Cr - 8 6 10 8 8 8 9 8 7
Nb 16 14 13 14 14 14 14 14 14 15
Ni 11 7 6 7 4 7 9 9 7 5
Rb 136 137 139 136 138 137 137 139 135 126
Sr 249 352 326 329 330 313 337 319 331 347
\Y 46 53 50 60 56 47 53 51 48 47
Y 37 28 29 30 30 30 30 29 27 33
L 203 291 2838 288 292 292 294 291 283 278
Sample AS1017 AS044 ASKSO1 AS031 AS070 AST1176 AS078 AS083 ASK1545 ASK1630
Lava name Ngn Hks Kss (W) Tch Tch Tch Tch Tch Tch Tch
Group No. IV vV vV \% \% \Y% \Y% \% \Y% \
SiO, (Wt. %) 64.82 66.26 66.12 63.71 63.22 60.22 61.84 63.71 63.59 64.02
TiO, 0.79 0.74 0.79 0.81 0.79 0.90 0.90 0.76 0.75 0.75
ALO; 15.90 15.72 16.09 16.73 16.57 16.17 16.51 16.00 15.98 15.98
Fe,0; 4.99 4.39 3.78 5.18 5.01 7.76 6.82 5.58 5.94 5.95
MnO 0.13 0.11 0.13 0.16 0.17 0.15 0.12 0.13 0.15 0.19
MgO 1.16 1.00 1.12 1.35 1.51 1.97 1.64 1.36 1.44 1.20
CaO 2.63 235 2.74 327 3.34 4.41 4.05 3.14 3.22 295
Na,O 4.77 4.81 4.41 4.48 4.71 424 4.43 447 443 4.42
K,0 3.74 4.03 3.99 3.59 3.6 3.37 3.59 4.04 4.01 4.09
P,0s 0.15 0.13 0.20 0.32 0.28 0.44 0.41 0.24 0.24 0.24
Total 99.08 99.55 99.37 99.60 99.20 99.62 100.28 99.42 99.76 99.80
Ba (ppm) 691 708 646 643 694 600 638 681 715 660
Cr 8 7 - 7 3 9 9 8 10 8
Nb 14 15 15 11 10 10 11 12 12 11
Ni 7 8 5 5 2 0 2 3 6 5
Rb 125 134 115 125 123 114 122 139 138 139
Sr 346 306 359 526 509 546 542 462 457 434
\Y 51 41 59 53 39 87 71 50 43 41
Y 31 32 34 46 30 28 29 29 29 29

ZL 279 294 229 244 258 229 248 281 277 275

273
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Table 2. (continued)

Sample ASK1920 ASK1971 ASK1999 ASKS02 ASTS60  AS004  AS030  AS035  AS037  AS038
Lava name Tch Tch Tch  Kss (C) Krs Krs Ebs Okm Okm Okm
Group \Y% % \Y% VI VI VI VI VI VI VI
SiO, (wt. %) 59.97 64.23 63.88 62.60 58.40 57.57 57.45 60.65 60.07 60.59
TiO, 091 0.75 0.76 0.68 091 0.96 0.94 0.80 0.84 0.82
ALO; 16.10 16.13 16.02 16.57 16.49 16.52 17.93 17.67 17.2 17.17
Fe,04 8.28 5.57 592 4.89 833 8.49 7.65 6.08 6.19 6.12
MnO 0.15 0.11 0.11 0.11 0.14 0.14 0.14 0.15 0.14 0.14
MgO 1.89 1.21 1.25 1.89 293 3.09 3.17 2.11 2.29 22
CaO 435 298 3.04 436 5.87 6.27 6.63 5.16 494 5.07
Na,0 4.20 4.42 443 3.62 3.30 3.35 3.74 422 4.18 4.22
K,O 3.36 4.11 4.07 342 298 2.80 229 2.79 2.84 2.86
P,0s 0.45 0.24 0.25 0.20 0.20 0.21 0.22 0.25 0.24 0.25
Total 99.64 99.76 99.74 98.34 99.53 99.41 100.16 99.88 98.93 99.44
Ba (ppm) 609 739 712 551 453 494 400 525 535 536
Cr 10 7 8 6 20 19 17 10 11 10
Nb 9 12 16 11 11 10 9 9 10 10
Ni 3 2 4 7 5 3 1 3 1 2
Rb 114 139 139 115 105 90 68 92 89 3
Sr 531 437 442 420 412 436 481 526 486 497
\% 86 44 46 121 177 191 198 113 132 128
Y 26 27 29 30 22 25 24 26 23 24
Z 224 274 275 197 204 196 168 197 206 205
Sample AS041 AS040  AS027  AS050  AS060  AS046  AS047  AS051 AS028  AS048
Lava name Okm Ymn Akm Akm Nrd Tkd Mry Ojd Kmt Kmt
Group VI VI VI VI VI VI VI VI VI VI
SiO; (wt. %) 58.6 5438 5546 54.43 58.12 51.16 53.52 51.13 50.98 52.16
TiO, 0.84 0.81 1.01 098 0.91 0.90 1.15 0.93 0.93 1.02
AlLO, 17.64 19.45 16.39 17.37 17.83 16.83 18.13 17.75 17.24 17.38
Fe,04 6.45 7.81 9.86 9.26 6.83 10.83 8.98 10.89 11.06 11.30
MnO 0.15 0.15 0.16 0.15 0.17 0.18 0.17 0.17 0.17 0.17
MgO 253 249 3.69 3.82 297 538 433 4.80 520 424
Ca0O 574 7.87 7.10 7.82 5.68 9.74 8.38 941 943 8.18
Na,O 41 3.31 3.09 3.11 4.02 2.70 3.16 282 272 3.05
K,O 251 2.24 256 222 2.32 1.42 1.25 151 1.44 1.88
P,0s 026 0.34 0.23 0.27 0.25 0.22 0.20 0.19 0.19 0.23
Total 98.82 98.85 99.56 99.43 99.10 99.36 99.27 99.60 99.36 99.60
Ba (ppm) 538 412 434 387 499 333 290 303 325 366
Cr 10 10 21 21 14 39 18 24 26 22
Nb 8 7 10 9 8 5 8 7 7 7
Ni 3 0 4 2 5 12 2 9 11 9
Rb 83 66 81 68 61 37 35 42 40 54
Sr 550 709 479 525 479 620 481 593 568 597
\V4 138 162 235 225 158 283 241 204 303 300
Y 25 21 23 23 35 19 22 18 20 21
7r 189 157 188 163 172 105 114 116 112 139
Sample AS058 AS057 AS026 AS049 AS056 ASKS AST5695 AS077 AS-1105 AS034
Lava name Kmt Kkm Ksh Ksh Ksh Ksh Aks Aks Aks Mtn
Group VI VI VI VI VI VI VI VI VI VI
SiO; (wt. %) 50.73 49.94 50.66 52.02 51.47 50.83 53.22 53.33 53.424 48.18
TiO, 0.94 091 0.93 1.02 1.01 0.90 1.00 0.99 0.984 0.87
ALO; 16.98 17.38 16.85 17.44 17.54 18.15 17.83 17.50  17.664 17.63
Fe,04 11.41 11.24 10.97 11.36 11.32 9.46 9.85 10.06 9.594 11.52
MnO 0.17 0.17 0.17 0.17 0.17 0.17 0.16 0.16 0.161 0.16
MgO 5.36 5.44 5.32 4.27 426 4.88 4.08 4.00 4.071 6.06
CaO 9.68 9.96 9.58 8.18 8.58 9.72 8.12 8.09 8.132 1178
Na,O 2.66 2.63 2.65 3.04 2.99 2.72 323 3.30 3212 217
K,O 1.37 1.18 1.41 1.86 1.69 1.27 1.70 1.77 1.8 0.86
P,0s 0.18 0.18 0.19 0.23 022 021 0.20 0.20 0.194 0.18
Total 99.49 99.01 98.73 99.58 99.26 98.30 99.39 99.41 99.24 99.41
Ba (ppm) 286 292 292 351 354 294 333 358 359 158
Cr 32 28 29 23 19 21 24 23 21 35
Nb 5 5 6 6 6 4 7 7 7 4
Ni 14 3 12 10 6 15 2 3 3 16
Rb 38 31 39 52 46 35 47 48 49 25
Sr 555 583 561 600 623 588 543 543 546 545
\% 307 301 299 283 306 294 253 257 243 327
Y 20 19 19 22 20 18 22 23 21 16

[ 107 97 112 137 127 99 136 135 135 71




[ 7 v 7 S TERRIRICTES) L /e 2 kE 18 < 7 < & 2 6 DRRIKBEfRIC > W T 275
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(1985) IV INKILE I > W CoidEIz D, Lo s

W—TBT B0, HEVIEELRILDE T IV—TITh
HLBINEE S BWOLIEAHTSH 5.

4. EREHE

MIECHMLI T VIV —7Ico W, illlia G
WAL~ B,

I. 2px-rhyolite (R77EAHEFHEAIMME)

BAIE + fth (2004) D, BHEEDS T DL — 712 HEY
+5, HEEMEA (0.6mm PIT), HAHES (0.3mm
DI, #AHEG (0.2mm BUTR), ASEHEEY) (0.2mm Ll

Table 2. (continued)
Sample AS039 AS1029  AS021  AS065  AS082 AS082B  AS-091 Vb-01
Lava name Mtn Ysh Ayg Ayg Ayg Ayg Ayg Nkd (YP)
Group VI VI VI VI VI VI VI VI
SiO, (wt. %) 47.64 52.04 50.80 50.91 51.50 52.69 52.18 53.17
TiO, 0.93 0.81 0.96 0.85 0.86 0.90 0.86 0.94
ALO; 18.39 18.02 19.78 18.60 18.97 19.93 19.08 17.65
Fe, 05 11.25 9.82 10.24 9.65 9.34 7.36 8.65 9.49
MnO 0.17 0.15 0.23 0.17 0.16 0.11 0.12 0.15
MgO 5.71 423 2.93 3.66 3.59 2.70 3.13 4.55
CaO 11.62 9.30 9.09 10.28 9.93 10.16 10.17 8.57
Na,O 2.19 297 3.70 292 2.99 3.00 2.81 297
K,0 0.75 1.60 1.04 1.49 1.56 1.62 1.63 2.05
P,0q 0.22 0.21 0.17 0.20 0.22 0.22 0.20 0.26
Total 98.87 99.16 98.93 98.70 99.11 98.69 98.82 99.80
Ba (ppm) 193 353 261 288 323 341 315 364
Cr 36 24 16 30 27 27 31 112
Nb 4 5 5 5 5 6 5 7
Ni 13 8 - 11 8 1 9 31
Rb 20 45 25 42 45 49 47 63
Sr 621 662 552 628 647 688 666 531
v 341 255 205 269 258 261 281 232
Y 16 19 22 18 20 21 20 21
ZL 84 116 128 112 119 126 115 150
Sample VB02 AGO1  AS036  AS043  AS055  AS061  AS054  AS045
Lavaname  Nkd (YP) Nkd (YP) Nkd(Y) Nkd(Y) Nkd(Y) Nkd(Y) Nkd(O) Nkd(O)
Group VI VI VI VI VI VI VI VI
SiO; (wt. %) 53.28 52.64 52.18 52.21 51.53 53.97 51.46 50.53
TiO, 0.93 0.94 0.93 0.97 0.99 1 0.99 0.93
ALO; 17.82 17.87 16.97 17.48 16.89 17.93 16.74 17.74
Fe,0; 9.15 9.84 10.39 10.31 10.63 8.7 10.65 11.19
MnO 0.15 0.16 0.18 0.16 0.17 0.16 0.17 0.18
MgO 443 427 5.12 451 5.36 428 5.72 521
CaO 8.64 9.10 9.34 8.98 9.31 7.8 9.34 9.71
Na,O 3.00 2.89 2.81 2.86 2.69 3.34 2.62 2.96
K,0 2.05 1.71 1.55 1.76 1.51 1.73 1.49 0.99
P,04 0.26 0.24 0.24 0.24 0.22 0.2 0.22 0.19
Total 99.71 99.66 99.71 99.48 99.30 99.11 99.40 99.61
Ba (ppm) 378 362 336 314 309 391 326 283
Cr 112 22 38 21 43 21 44 34
Nb 6 6 6 8 6 8 6 5
Ni 28 3 8 5 7 2 10 9
Rb 66 50 41 51 42 46 43 21
Sr 543 601 548 575 525 534 517 643
A 223 273 272 273 290 236 291 304
Y 22 20 22 21 22 23 20 18
ZL 151 132 117 130 118 129 113 88,

Abbreviations are the same as Table 1.

ASK217, ASK494, ASK630, ASK1109,

ASK1127, ASK3112, ASK3118, ASK3124, ASK3463, ASK1545, ASK1630, ASK
1920, ASK 1971, ASK1999: Drilling core samples from Takanoobane volcano. They
were provided by Aso Volcanological Laboratory.
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Fig. 3.

Simplified distribution map of the post-caldera volcanic products of Aso volcano (adapted from Geological

Survey of Japan Map Series 1: 50,000, Ono and Watanabe, 1985).
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Table 3. Criteria for classifying the post-caldera volcanic products into seven groups.
Group No. I I il v A VI VI
. . . . aphyric porphyritic | basalt
. - - 2px-dacite . .
Group Name 2px-rhyolite | bt-rhyolite hb-dacite p andesite andesite “basaltic andesite
Phenocryst
abundances (vol. %) <20 <20 <20 <20 <20 35-55 35-55
Grain size range
of Plagioclase <0.6 <05 <0.5 <0.7 0.8-1.4 0.8-1.6
phenocryst (mm)
Phenocryst opx, cpx, pl, $opx, cpx, bt, pL.$ hb (tr), opx, $ opx, cpx, pl, opx, cpx, pl, § ol (tr), opx, cpx$§ ol, opx, cpx, pl,
assemblage opq gOPQ g cpx, pl, opq g opq opq pl, opq $ opq
Si02 wt. % 69 < 69< § 6869 § 6567 § 5964 ¢ 5562 ¢ <54
Otogase Takanoobane Hon-tsuka Tateno Tochinoki Karisako Ayugaerinotaki
Nagano Okamadoyama) Matsunoki
Sawatsuno Eboshidake Yoshioka
Hakusui Kusasenri (¢) § Maruyama
Names of Kusasenri (w) Naraodake Takadake
volcanic Akamizu Kishimadake
Yomineyama Kometsuka
roduc
products Ojodake
Akase
Nakadake (O)
Nakadake (Y)
Nakadake (Y. P. C)

Wavy lines show boundaries. Names of volcanic products are based on Ono and Watanabe (1985),
Watanabe (2001), Masuda et al. (2004) and Miyabuchi et al. (2004). Abbreviations are the same as Table 1.
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(a) Phenocryst abundances vs. SiO, contents for the seven groups from Aso volcano.

Grain size of plagioclase (mm)

(b) Averaged grain

size of plagioclase phenocryst vs. SiO, contents for the seven groups from Aso volcano.
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Microscopic photographs of the post-caldera volcanic products.
(b) Mingling texture in Tochinoki lava.
plagioclase fragments indicated by the surrounding dashed line in Naraodake lava.
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(d) Opx phenocrysts

The areas surrounded by the dashed lines indicates opx phenocrysts.

(e) The coexistence of plagioclase phenocrysts surrounded by dusty zones and those having clear rims in lava

from Nakadake old volcanic edifice.
taki lava.

(f) Hornblende phenocryst surrounded by opacite rims in Ayugaerino-
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Fig. 6. Major elements (TiO,, Al,O;, FeO*, MgO, MnO, CaO, Na,0O, K,O and P,0s) and trace elements (Ba,

Rb, Sr, Ni, V, Zr, Nb, Y and Cr) vs. SiO, for volcanic rocks from Aso volcano.




280 =hPHE - REHRAIRE « (AR ER]

30 600 5
Nb (ppm) (@) | Zr (ppm) (b)
parent=VIL parent=VI

20 - 400 -

Y )
- o B % ‘ N - ° g % A

10 [ °g@ “ 200 |- o® 05

- — DRb=0, DNb=0 - — DRrb=0, Dzr=0
,,,,,, DRb=0, DNb=0.1 ° ------ DRb=0, Dzr=0.1

0 1 1 L 1 0 L 1 1 [
50 100 150 200 50 100 150 200

30 600
Nb (ppm) () | Zr (ppm) @

50 _parent:VI 400 _parent=VI

10 -, 200 =, °

= — DRb=0, DNb=0 - — DRrb=0, Dzr=0
______ DRb=0, DNb=0.1 ------ DRb=0, Dzr=0.1
0 1 1 1 0 1 1 1
50 100 150 200 50 100 150 200

30 600
Nb (ppm) © | Zr (ppm) ®

t=V =V

20 | paren 400 |_paren

10 |- 200 |- '

= — DRrb=0, DNb=0 - — DRrb=0, Dzr=0
...... DRb=0. DNb=0.1 ------ DRb=0, Dzr=0.1
30 ' ' 600 ' T
Nb (ppm) (8 | Zr (ppm) (h)
=IV : - 1
20 | paren 400 | parent v
10 = 200 =
- — DRb=0, DNb=0 - — DRb=0, Dzr=0
...... DRb=0, DNb=0.1 ------ DRb=0, Dzr=0.1

3(()) 1 1 0 1 1
Nb (ppm) @] O zr ppm) @
parent=1I parent=1I

20 |- I 400 = -

B ar B m
10 = 200 =
= — DRb=0, DNb=0 - — DRb=0, Dzr=0
...... DRb=0, DNb=0.1 ------ DRb=0, Dzr=0.1
O L L 0 ] L
100 150 200 100 150 200
Rb (ppm) Rb (ppm)

Fig. 7. Rb-Nb and Rb-Zr diagrams for the seven groups from Aso volcano. Shaded areas show the
compositional ranges formed by simple fractional crystallization. Symbols are the same as Fig. 6.
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the central vents of the caldera area surrounded by dotted line.

Distribution map of the intra-caldera vents indicating that younger basaltic products were erupted from

%1 indicates the possible vent of Otogase

lava and ¢2 indicates the possible vent of Nagano lava, both as suggested by Miyabuchi ez al. (2004).

&, HAL RO ES ERINITR S > Tw TR
MmotedWVWH T EERLTOWAS, AT KILIKLIRRICE
YIRHES D Z RS L, VIO A )3 idid 2 J5A 13 Bl
ATERISHTIRIE VA, —oOaffet:E L TH N
PoffEEs eV (RRGE~ 7<) LRAL D Aftho
Uy =< 7" = OO F L TEBEZ SN B,

62 KON EZTDOERYOREFR

BIfEHIZR TR 4 % T & T 2 REHEYORBIEAT
DAE% Fig. 9 10RT. HEHEOKEDIFIEE, F&KIL
DBEERIGHICMEL TWA T & EHMNTH B, 7
)V — FVIOTEEN G PEALTE A O BB 1A 0 K O D55
LTV, ZOFMICZ7 v—7VI, IV, I, O, I
ZH L2 KORDHLTWE, 2%, AFsHul
HTEREE~ 7/~ DOIEBEHTH, TORAMATX
DEHEBS </ =NEH L TVWEEVWSHEAAH S, b

LANVFSHE NCRKEBSHESE 7 < hEET S
EEZIGE, FL ORI LKA~/ ~vD D
b, HEEH</<BOTL 5y 73N bDFHER<
7= & DIRAIT L > TEREM T I R 203,
HEH</7<#B0Ic 5y 73N, TR ERL
THIRIGE L 72 b O IF RGN D & 95 2 &
FHH& M5 (Huppert and Sparks, 1988). Z O & 47K
CD5 &2 h & OMEHPIAK ORIRIE, itk y
HE®, ZofATEEICKY, MEEDOEE & 3
K3EEZONDE, O ENLSENNVTIEKAT
&, HvF SISO —O K~ 7 <0 SEEL
BholcbEZ SN, INRBISERO < 7 <0 B 1HAE
L7z & WD/ NEF « J8500 (1983) D Fif & RFITH 5.



[ 2 v 7 S TERRIRICTES L 72 2 kE s < 7 < & 2 6 ORRIKBEfRIC > W T 283

7. ¥ & B

D FgERKILO#% A VT 5 TR P O K5 13,
LA AR S AL kuc S w T, Lho T
JN—TITMETE % ; 1. 2px-rhyolite, II. bt-rhyolite,
II. hb-dacite, IV. 2px-dacite, V. aphyric andesite, VI. por-
phyritic andesite, VI. basalt-basaltic andesite

2) AEFHEREHWIZBRICLD, ZIV—7VIE
v, W, TRENCIEETFRERAE D Lo REE S 5 T &
DAL 2. —FK, Zv—71, V, VIRBHEWICHT
BIGRSK O L7 S, Ik bIHIRE R EHEROE N VIN
SO LD 7 V=7 SRS B T LMk, B
T, b ESL T, V, VL IEW S 4 > OBFRIRIC
HEWTRE Y DR L 7o & EDEH S D275 - e,

3) ®’AVFIIERMTE, VB KIS O HEE
KA A w7 iz L, = ORI L O ERE
KL OFGIRK LD 53459 BRI H 5. DK
O AR EEREE < 7/ <0 A v 7 5 H NI
g 25a I EESN 0L BRI 570, BT s
TEBHN AR Lo KRB S i—D = 7 < i 0 3k A V7
SN IEE LB s EFERA SN 5.

Eil i

ESRFE KL v & — OZEBREI B I 12
BIMRKILo X =1 v 7 a 7R 2B, T 2#E
EHZTOWIEE, Ty RAKRIEALTOHRIEELT
Wi XxF L, SwmXOREICHI-T, IWERFHY
otk HEhERE S L UOCESEGRE O, MERAD
WEEEH I dEESREESO Cfefiezdc b,
WiwarvbrnicllEE Lz, DEoBH A0 5
oz L

51 A X

Green, T. H. (1994) Experimental studies of trace-element
partitioning applicable to igneous petrogenesis—Sedona
16 years later. Chemical Geol., 117, 1-36.

Hunter, A.G. (1998) Intracrustal controls on the coexist-

ence of tholeiitic and calc-alkaline magma series at Aso
volcano, SW Japan. J. Petrol., 39, 1255-1284.

Hunter, A. G. and Blake, S. (1995) Petrogenetic evolution
of a transitional tholeiitic calc-alkaline series: Towada
volcano, Japan. J. Petrol., 36, 1579-1605.

Huppert, H. E. and Sparks, R.S. (1988) The generation of
granitic magmas by intrusion of basalt into continental
crust. J. Petrol., 29, 599-624.

B 753 (1992) Hho &R O PR TR & L T O RS —
REARGERO LT NEH &7 4 ) EvilET L — b D
FRPOILAIAS. HEFRE, 40, 53-63.

BATHIE R « 0 —f « BEFE R (2004) Bk gk O R
BRI B W T IR R S i ila ~ 71 +
4 MEEAT. K, 49, 119-128.

FAZRFER (1979) FLMIT 351 2 KILTEB) & B i 1< BY
I sl WETRE, 16, 127-139.

ERER « BEIK « mHIH - - R B
(2003) PR K LN 3 1 575 9 JTAERT DB T 8 A HE
Y. kil 48, 195-214.

ERER  HHEY - 0 (2004) BERE T T 5
& DEFFBAR D © & f Pl K Lidh oK O F A PE AR s
OFEL, Kil, 49, 267282

HEF 58 (2002) BEILINIC S % il 3 JIAERI D 7 7
7 OFERFHIIIE. HIURCHIZE, 41, 225-236.

INEFSE ] (1965) BildR 7 v 5 5 SR O M. HUEME, 71,
541-553.

/NEPSEE] « T (1983) BlgR A L7 5. HTIMEEK, 5,
73-82.

/NEFSEE] - 7 (1985) PR K LHITER] (5 75 @ 1).
KINHVEK] 4, HUEFH AT

Rollinson, H.R. (1993) Using geochemical data; evalua-
tion, presentation, interpretation. Longman Singapore Publ.
1td., 352 pp.

8P E] (2002) HOE X SR HTEEE 2 F W 7o KECEth o
Tk s L UOHERSDER. B LHERFHEL
2, 529, 1-59.

FRERE « /NMLNEEA (2002) s A5 T HikR,
272p.

ZH  FE (1985) Ml b 5 7 OHEK & TLINHLG O HIFRZE
B (2). HIE, 38, 1-12.

#3]—1E (2001) Pl gk K L DA WAL B —HIVEL ASEE 5 K

OEE—. —OEAhERE ULERES 7, —0F
MTsb s E4s, 242pp.

(B D



