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Source of the Rhyolitic Ash Layer in Basaltic Ash
Layers on Izu-Oshima
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Abstract Chemical compositions of volcanic glass, plagioclase and biotite in the
rhyolitic ash layer intercalated in the basaltic ash layers of the Younger Oshima Group
in Izu-Oshima are compared with those in ash from Mukaiyama (Niijima) and
Tenjosan (Kozushima) volcanoes erupted in A.D. 838 and 886, respectively. High
ZFeO and Na,O contents of volcanic glass and high Mg* values and low ZFe contents
of biotite in the rhyolitic ash from Oshima are features closer to those from Niijima
than from Kozushima, suggesting the origin from Mukaiyama volcano in Niijimza.

Introduction

Izu-Oshima island, the northernmost island in the seven Izu islands running
from east off Izu Peninsula south to Marianas. The major part of the island
consists of material erupted from Oshima volcano, an active basaltic stratovol-
cano. Recent products of Oshima volcano called the Youjnger Oshima Group are
devided into three formations, i.e. Yuba, Nomashi and Sashikiji Formations in
descending order (NAKAMURA, 1960). A basaltic ash layer N, in Nomashi
Formation is conspicuous for intercalation of rhyolitic ash layer supplied from a
volcano other than Oshima volcano. This rhyolitic ash lalyer had been recognized
in N; throughout the island (NAKAMURA, 1964), though it varies from <0.1cm
to 1cm or more in thickness. NAKAMURA (1964) inferred the date of eruption
produced N; member as ninth century from historical documents and pottary
remains. Based on the result of mechanical analyses of the rhyolitic ash, he
further referred the source of the rhyolitic ash to Kozushima or Niijima where
Tenjosan and Mukaiyama volcanoes erupted in 838 and 886 A.D., respectively.
Since then, it remains unsettled either of the above two volcanoes is the source
volcano of this rhyolitic ash, for both volcanoes provided rhyolitic lavas and
pyroclastics almost identical in chemical composition and constituting minerals.

In this paper, the auther intended to specify the source volcanoes of this
rhyolitic ash by putting chemical data of ash contituents such as volcanic glass,
plagioclase and biotite together.
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Fig. 1. Index map of Oshima, Niijima and Kozushima.

Samples and Analytical Method

On Oshima island, rhyolitic ash samples are collected from several exposures
on northern slope outside the caldera wall. Ash samples of 838 A.D. eruption of
Tenjosan volcano in Kozushima (IssHIKI, 1982) and 886 eruption of Mukaiyama
volcano in Niijima (ISSHIKI, 1987) are taken from the eastern coast of the islands
closer to Oshima island (Fig. 1). Common constituents of the ash samples are
volcanic glass, quartz, plagioclase, biotite and magnetite. Ash from Niijima
contains olivine, clinopyroxene and orthopyroxene provided by basaltic volcanism
occurred possibly on Miyakejima.

The ash samples are washed in distilled water and dried in the room
temperature. Volcanic glass fragments, plagioclase grains and biotite flakes for
analysis are hand picked under the binocular microscope. Those fraction are fixed
on slide glass with epoxy resin and polished. Chemical analysis of the samples was
done by using Link Systems energy dispersive X-ray sepctrometer.

Chemical Composition

Volcanic glass: Major oxide analyses of volcanic glasses are given in
Appendices 1-3. Rhyolitic glass JR-2 is used to inspect the validity of the
analyses. The analyses are plotted on oxide-K,O diagrams (Fig. 2) after conver-
sion to anhydrous total=100%. In Fig. 2, K,O content is taken as absissa, for K
is the sole incompatible element analysed that tends to enrich in high silica fluid
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Fig. 2. Plots of volcanic glass analyses on SiO,, Al;0s, ¥FeO, CaO and Na,O contents vs.
K,O diagrams.

phase till potash feldspar begins to crystallize.

As seen in Fig. 2, plots of volcanic glasses from Niijima fall on the lower K,O
side, those from Kozushima on the high K,O side and those from Oshima on
intermediate area between them. As far as the major oxide contents concerned,
volcanic glasses with somewhat high £FeO and Na,O are found both ash samples
from Niijima and Oshima.

Plagioclase : Chemical analyses of plagioclase grains are shown in Appendix
4 and plotted on An—Ab—Or system (Fig. 3). Plagioclase in ash from Niijima
covers the widest compositional rnage from Ani, to An;s. On the other hand,
plagioclase from Kozushima shows a limited compositional variation from An,, to
An;;. Some plagioclase grains from Oshima are much sodic than those from
Niijima and Ko6zushima.

Biotite : Biotite flakes in ash from Oshima are usually more or less altered,
presenting paler color than those from Niijima and Kozushima. This must have
been caused by meteoric water preserved more abundantly in basaltic ash layers
that overlay and underlay the rhyolitic ash layer. Major element analyses of
biotite (Appendix 5) reflect the effect of alteration, i.e. compositions of biotite
from Oshima are characterized by low YFe and higher Mg contents than those
from Niijima and Kozushima. Plots of the analyses on atomic ratios-1 Mg*
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diagrams (Fig. 4) demonstrate selective extraction of iron from biotite, resulting
high Mg* values and low XFe atomic ratios in biotite from Oshima, though the
degree of alteration is not defined. These diagrams also present higher XFe ratios
and lower Mg* values of those from Kozushima than those from Niijima.

Considerations

The ninth century eruptions on Niijima and Kozushima yielded rhyolitic
lavas almost identical in bulk chemistry (see IssHIKI, 1987 & 1982), together with
rhyolitic ash. The present dasta, however, allow to regard rhyolitic ash from
Tenjosan volcano (Kozushima) is derived from much evolved magma than those
of Mukaiyama volcano (Niijima), since rhyolitic ash from Kozushima includes
K rich volcanic glass, less calcic plagioclase and biotite with low Mg* values.
Judging from low XFe ratios in biotite and high ¥FeO and Na,O contents of
volcanic glass in rhyolitic ash from Oshima, Mukaiyama volcano on Niijima is the
likely source supplied the rhyolitic ash layer in the Younger Oshima Group in
Oshima.
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Fig. 4. Plots of biotite analyses on Si, Ti, Al, Fe, Mn, Mg, Na and K atomic ratios
(on anhydrous basis of O=22)-Mg* diagram. A bulk analysis of biotite phenocrysts
(Mg*=53, IssHikI, 1987) in the rhyolite lava extruded contemporaneously with the

volcanic ash studied is also plotted together for comparison.

* 100Mg/(Mg + SFe + Mn)
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Appendix 1. Major oxide analyses of volcanic gasses from Oshima.
wWit% 1 2 3 4 5 6 7 8 9 10 11 12 13
SiO2 75.77 7486 75.56 76.13 7598 7526 77.07 75.52 75.47 75.09 76.75 75.53 77.03
TiO2 - - - - - - - - - 0.24 - - -
Al203 12.32 1227 12.70 12.38 1256 12.22 1246 1251 1252 1244 12.37 12.33 12.72
>FeO* 058 059 059 052 071 060 040 047 048 078 074 062 0.84
MnO - — - -~ - 0.23 = = = - 026 029 -
CaO 031 041 043 043 035 031 026 037 033 039 038 032 041
Na20 4.02 392 446 420 410 405 418 452 414 376 4.47 412 418
K20 381 396 384 396 377 395 411 381 377 368 383 415 3.91
Cl = — 0.09 - 0.12 - 0.09 0.07 010 - 0.10 = 0.07
96.81 96.01 97.67 97.62 97.59 96.62 98.57 97.27 96.81 96.38 98.90 97.36 99.16
O=Cl - - 002 - -003 - 002 -0.02 -0.02 - -0.02 -  —0.02
total 96.81 96.01 97.65 97.62 97.56 96.62 98.55 97.25 96.79 96.38 98.88 97.36 99.14
* total iron as FeO
Appendix 2. Major oxide analyses of volcanic gasses from Niijima.
Wi% 1 2 3 4 5 6 7 8 9 10 11
SiO2 76.44 75.04 77.94 7521 76.03 74.44 7525 7483 77.12 78.00 75.98
TiO2 - 0.25 - - = -~ - - - 0.24 -
Al203 12,75 1221 12.63 12.04 1244 1226 1233 12.07 1259 12.74 1235
2FeO* 065 056 076 059 055 073 065 042 080 0.71 0.63
MnO = = - - - 026 - - - - 0.26
CaO 055 059 050 054 022 047 041 048 044 041 035
Na20 444 414 461 403 426 429 401 397 448 406 3.89
K20 341 349 382 362 395 366 376 372 396 370 3.73
Cl 0.07 0.10 0.07 0.09 - 0.07 0.07 - 0.07 - 0.09
98.31 96.38 100.33 96.12 97.45 96.18 96.48 9549 99.46 99.62 97.02
O=Cl -0.02 -0.02 -0.02 -0.02 - -0.02 -0.02 - 002 - -0.02
total 98.29 96.36 100.31 96.10 97.45 96.16 96.46 95.49 99.44 99.62 97.00
= total iron as FeO
Appendix 3. Major oxide analyses of volcanic gasses from Kozushima.
wi% 1 2 3 4 5 6 7 8 9 10 11 12 13
SiO2 75.04 7479 76.03 7425 7558 7522 7469 75.79 74.68 7527 7592 7551 74.31
TiO2 0.21 = - = = = = = = = = = =
Al2O3 1228 12.38 1236 12.41 1251 1242 1224 1254 1165 1252 1248 12.63 12.43
2FeO 052 059 027 046 064 063 068 063 044 061 052 064 0.60
CaO 037 038 035 046 039 037 041 037 033 032 0.33 044 040
Na20 4.08 349 407 371 407 427 421 424 347 396 413 422 426
K20 380 396 4.14 383 425 400 392 393 459 388 415 395 3.80
Cl - 0.07 007 0.06 0.03 0.06 0.09 0.07 - 0.06 0.09 0.06 0.07
96.30 95.66 97.29 95.18 97.47 96.97 96.24 97.57 95.16 96.62 97.62 97.45 95.87
O=Cl - -0.02 -0.02 -0.01 -0.01 -0.01 -0.02 -0.02 - -0.01 -0.02 -0.01 -0.02
total 96.30 95.64 97.27 95.17 97.46 96.96 96.22 97.55 95.16 96.61 97.60 97.44 95.85

= total iron as FeO
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Appendix 4. Major oxide analyses of plagioclases.
Oshima
wit% 1 2 3 4 5 6 7 8 9
SiO2 65.42 64.52 63.98 64.01 63.43 63.70 66.10 63.91 66.45
Al203 22.00 22.28 2129 23.1 22.68 22.48 21.09 22.05 20.73
YFeO - 0.40 0.31 - 033 035 - 029 -
CaO 3.32 4.00 323 4.27 423 394 225 329 254
Naz20 8.64 895 9.04 8.42 812 940 963 9.03 9.23
K20 0.81 062 083 0.66 067 062 1.03 0.76 0.94
total 100.19100.78 98.69 100.48 99.46 100.49100.10 99.34 99.89
Ab 785 773 795 751 745 785 834 796 821
An 16.7 192 157 157 214 181 108 16.0 124
Or 4.8 35 4.8 4.8 41 3.4 5.9 4.4 5.5
Niijima
1 2 3 4 5 6 7 8 9 10 11 12
SiO2 64.16 64.44 60.78 63.69 64.05 61.35 64.40 63.75 63.48 64.16 63.94 62.55
Al203 22.44 22.07 20.08 22.21 21.57 2471 2224 2258 2257 2253 2254 2253
>FeO - - — - - - _ _ — — _ _
CaO 370 4.00 6.08 371 325 6.95 362 413 417 411 397 4096
Na20 893 868 777 859 888 744 896 8.08 810 891 864 8.40
K20 063 053 035 062 075 021 085 067 055 065 064 053
total 99.86 99.72 99.06 98.82 98.50 100.66 100.07 99.21 98.87 100.36 99.73 98.97
Ab 784 773 684 778 795 651 778 748 753 767 768 73.1
An 179 196 296 185 161 336 173 211 214 196 195 239
Or 3.7 3.1 2.0 3.7 4.3 1.2 4.9 4.1 3.3 3.7 3.7 3.0
Kozushima
1 2 3 4 5 6 7 8 9
SiO2 63.95 64.82 64.72 64.32 63.67 64.20 64.10 63.92 63.33
Al203 23.20 22.70 2219 23.13 22.76 22.19 23.13 21.90 22.65
*FeO = — 038 - - - - - -
CaO 422 391 344 431 445 371 436 362 4.24
Na20 9.07 854 902 875 814 926 823 833 860
K20 055 062 078 048 063 065 064 075 0.72
total 100.99 100.59 100.53 100.99 99.65 100.01 100.46 98.52 99.54
Ab 771 770 789 764 739 788 744 769 753
An 198 194 166 208 223 175 218 185 205
Or 3.1 3.6 4.5 2.8 3.8 3.7 3.8 4.6 4.2
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