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Quartz-bearing boninite from northern Chichi-jima, Bonin Islands:
Magma mixing of boninite with quartz dacite

Ayako WATANABE' and Naoshi KURODA!

Abstract Submarine boninite series volcanic rocks with quartz dacite and subordinate subma-
rine sedimentary rocks, belonging to middle Eocene to late Oligocene in age, are widespread
on Chichi-jima. Quartz-bearing boninite is found to occur as the chilled rims of dikes, east
of Kiyose and southwest of Tsuri-hama. On Miyano-hama near Kiyose, boninite pillows are
intruded by a multiple dike of dacite and boninite. The multiple dike suggests the existence
of a density-stratified chamber capped by dacite.

The quartz-bearing boninite includes about 4 mm across corroded quartz up to several
modal%, with reversely zoned orthopyroxenes carrying pale brown rounded cores and sieved
orthopyroxenes. Based on the textures, these inclusions are xenocrysts, derived from quartz
dacite. The chemical composition of the dike rims from Kiyose is nearly constant according
to the whole rock analyses. Glasses in the same dike rims, with related ones of the Miyano-
hama multiple dike, were analysed by electron probe to compare in genesis the compositions.

In the oxides (e.g., Mg0)-SiO: relationship for the boninite series volcanic rocks of
Chichi-jima, the linear relationship of MgO to SiO. is obvious in a quartz-bearing boninite as
the dike rims from Kiyose, in a more magnesian boninite as the chilled rim of the Miyano-
hama multiple dike and a quartz dacite lava. Inferring from the field and the petrological
evidence, quartz-bearing boninite was formed by rapid mixing of boninitic magma and a
small amount of quartz dacite magma in a similar chamber to the possible stratified cham-
ber beneath Miyano-hama.

Key words: quartz-bearing boninite, boninite, quartz dacite, xenocrysts, mixing, stratified
chamber, Chichi-jima, Bonin Islands
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Fig. 1a Geological map of Chichi-jima (KURODA et
al.,1988). 1 : limestone. 2 : tuff, sandstone and
mudstone. 3 : andecite and dacite. 4 : dacite (breccia
and lava). b5 : dacite (pillow lava and breccia). 6 :
boninite (hyaloclastite). 7 : boninite (pillow lava and
breccia). 8:dike. 9: suspected fault. 10 : sampling
sites of ferropigeonite-dacites.
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0 5
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i0m
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E1.b HEE, —RE—SNEERITVOHER.
Fig. 1b Geological sketch map near Kiyose along the
road to Tsuri-hama from Futami-koé .
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JA rOBENEONS (BEHITA,, 1984).
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Fig. 2 Quartz-bearing boninitic dike (Dike 1, Fig. 1b)
about 2.6 m wide, east of Kiyose, intruding into
boninite pillows.
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#IR (KURODA et al., 1988). FHIZZO0L- AR VHROLNSE. AEIIAHET,
Fig. 3 Multiple dike of dacite (outside) and boninite T AZEATHEABBIIZLWES L, 521235

(inside), west coast of Miyano-hama (KURODA et al., LSEAMS I E G2 Bt ons

1988). - .

Mz <, AAEBEAZLOAE (%4.2mm), 4%

£ 1 LBIHBOBAEL 741 PObEMK. HEERL B: ARIEDG C: A& D: A% E - H88RTIC X VS
REXRFHAM) Z2: AR08 HEsk2 A £0& ERIABOEEEFHEMOTAH A+, F: DOE0cmHfll G :
EDQT0cmMB(BITIZ & 5 REXXRFHE) T $ifdl, AESEEALSSROAGHK. Mb SOREHEREANZ258(K
3) Md FUEHERD 71 VA FaR#E Mad BOEROAET /YA MESE N4 EMEM(1984)7 55|,

Table 1 Chemical compositions of boninites and decites from northern Chichi-jima. Quartz-bearing boninite
chilled rims of dikes, east of Kiyose (Figs.1b and 2). Dike 1. B :right-top rim. C:right rim. D : left rim.
E :right rim. Unpublished XRF datum by SakKaMOTO. Z : chilled rim of the inside. Dike 2. A: left rim.
Quartz-bearing high-MgO dacites of the inside of Dike 1. F :60 cm inside from D. G :70 cm inside from E.
Unpublished XRF datum by SAkaMmoT0. T Quartz-bearing boninite chilled rim of dike, southwest of Tsuri-
hama. Mb Boninite chilled rim of the Miyano-hama multiple dike (Fig. 3). Md Dacite chilled rim of the same
multiple dike. Mqd Quartz dacite lava, south of Miyano-hama. These 4 analyses were cited from KURODA et
al. (1984). n.d.: not determined.

A B c D £ z
Si0, 5871 6261 6029 6315 6014 63.19 60.16 8357 8390 6023 6341
Tio, 0.23 025 020 o021 021 022 022 023 0.18 02 023
ALO, 1140 12186 1205 1262 1199 1260 1134 1198 1173 1157 1218
Fe;0; 393 419 366 383 32 39 365 388 181 351 378
FeO 3.10 331 335 351 320 336 335 354 - 340 358
MnO 009 0.10 012 013 008 009 010 0N 0.13 010 0.1
MgO 737 7.86 706 739 692 121 715 155 7157 708 143
Ce0 6.2 6.63 696 729 626 658 625 660 843 816 649
Na,0 210 224 128 134 194 204 178 188 167 217 228
K.0 055 059 043 045 063 066 057 060 050 043 045
P,0, 007 007 007 007 007 007 007 007 004 007 007
HO0+ 489 - 386 - 403 - 402 - - 408 -
HO- 118 - 048 - 078 - 0.84 - - 084 -
total 9982 10001 9981 9999 9998 9999 9950 9999 100.00 9970 9999

F s T Mb Md Mad
Si0, 6225 6509 6701 6048 6425 5821 6079 6200 6546 7052 7341
Tio, 024 025 017 0186 017 019 020 019 020 018 019
ALO, 1245 1302 1287 1175 1249 1203 1258 1419 1498 1292 1345
Fe,0, 5718 604 718 289 307 319 333 243 257 235 245
FeO 115 120 - 424 45 493 515 399 421 14 150
MnO 006 006 0.03 013 0.4 015 016 010 o 012 012
MgO 476 498 414 596 633 804 840 226 239 085 088
Ce0 608 634 593 606 644 682 123 550 581 345 359
Na,O 230 241 200 195 207 160 167 310 327 304 318
K0 051 053 053 050 053 050 052 095 100 113 118
PO, 007 007 0.05 nd - nd - nd - 008 008
H,0+ 193 - - 448 - 364 - 480 - 337 -
H,0- 290 - - 092 - 058 - 0.36 - 0.8 -

total 10046 9999 100.00 9948 100.00 9998 10001 9987 10000 10031 99.99
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H 4 REOENEZNUIEOBLY —Si0, ZtE. MgO & ALO 22V Tid, KUrRoDA (1989) DE1P DM« FLHUEL

7z, BREEFERICEL.

Fig. 4 Oxides—SiO. relationship for the boninite series of volcanic rocks from Chichi-jima.

The curves of MgO

and Al;Os in Fig. 1 of KURODA (1989) have been somewhat improved. The symbols (e.g., Mgd) are the same

as Table 1.



REIMOLEEHENE 5

SEAPER

FEHER1-20265B 6 2L ER1 ORTER2 D,
EPITEEIE, SHEEAOREEFENEEROZ
wHE1D, BEOREREROZGH2ORVEDIEH
DEETFTASA MEE1IOOGHEEZR1IIRT. &
ek 1206 >DO2wHEAEHE, W3E—-FBEAHE
SNDAEENKERE, B2 BEIEDL 7 v AR
BEWE RGTOND0E)BRWTHT S,

k1 -2 D2EHEOLFMBIE, BATE L £ SO,
63-64%, MgO 7-8%, Al:O; 12-13%, £Fe203 8%,
Ca0 6-7%, 7NV AY1.828%THb. TNOLDES
ZIEIE—FE L TWw5a, TiO;, MnO, P.0s 14 7%\,
H.O+134-5%C, FICARETIAIZEENS. HO-iZ
W=1%TH R,

BR1-2D2HBFLEFUOALSHEEANE SR
DEGHTOLERARITE2ARE LTIBTHS, T
RRMgOIZZ L <, SO ICEL. Bkl oWNBEA I
BABITHAT, 728 213 S0, & ALONS B &, MgO
kéFezO:«xb:é LV, P"]%ﬁ%"ﬁ@% Fe:0;- H.O- #i, }ﬁ{/ﬂ:
EHEIZHET 5.

B B

ERER, 250B{EH—SI0. R

KEDOHENERKINEOBELY —Si0. ZERT (X
1), BEEROZERH (A~E) OBt FhFh,
BWHEBIZNFE T T, HEICRZA. LML, &
NERKAE DK SEFHMERIC X 5K %2 2 bk
e, IThTwE., O FHiEMgO& AL O, TE
L., 85 B80OEB{MA SO 5 HEEIE, HEFEO
AEERFEANEEROZGEHE TOMBIZHAEL T 5.
COHEDOERIE, BAEELAE TV A VEDO~
FTDRETHELE, ERARZRENTWS (BHIED,
1984). L7z2%-> CHEMERD HERIZ, 220077~
BAEICHRT S, LTFiHlEns.

FAENRE R EAETAHEEEROSZGHEIE, EX
T Si0; 63-64% & MgO>T% &2 56 (F1), A
EHENETHA. BR1O, AENEGZRLTLET
AAEER (F-G) 112%# (D-E) & ) {EMgO, &SiO.-
ALO; TH B (H4). SIO. EHEDE Y IZiE, MgOF
HEX»ZDE., NEELIE, 28BOO%EEHE
ANEPSMgOILELHF T EA O FIESER TER L
72, AEREAEMgOT A% A FThHD.

BRAR, 2458ARH S XADMg0-Si0. BFE

EAOREBTHRR, BMAMBIZZ LWETOH T A
L, BUEOSOTSANTAL rara—T7THER
7 (JEE, 1999MS). FDH I A DALY — Si0O. B4R
WBHsERMH1IDEBYTHS, HR1 T, 2ol
LOEPELWVWT VA Y-SIO, BEEFBRVT, o
Ma7-E85ZHBTEL. HR2 TIE, FOBKRTH
LIRS N,

HR 1 o MgO-Si0: 42 Tix (K5a), HmitEaod
MR L THETS. BAMBIIZLWEFTOT I A
i3 &Y EHMgO-KSIO, T, BAMBICELHTON I
Zid & D EMgO-&SI0, THhB. COHIFADRYE
X, MAEMBORHBOBEIZHEMN L2, BEOERY
TRBRELZRTIIICEZS (TR 1 @, EKSIO.
TOEFODEFGLRML TV 3). KEEENSDA

35 - :
o o :
3 ; |
oo,
. x
25 : .
* ¢ . o % Xyx ]
§ * . xxX x
- * H
3 o o x - I
I x x <
15 : B e
x x 'v‘, x
x
1 : 3
x
05
64 66 68 70 72 74
SiOx(wt%)
35
3 - 1
g
x
25 x
%
S 2
1.5
1
0.5
64 66 68 70
7 Si0,(wtX) "

X6 F#EAEK(a)E2b)DREBRAEN T A DMgO—Si0,
B, @ EBOBMRICZLWES X EAEMEICE
o

Fig. 5 MgO—5i0; relationship for the matrix glasses,
analysed by electron probe, in chilled rims of Dike
1(a) and Dike 2(b), east of Kiyose. 4 : pyroxene
microlite-poor portion. X : pyroxene microlite-rich
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Appendix fig. 1 Oxides—S8i0O, relationship for the matrix glasses, analysed by electron probe, in chilled
rims of Dike 1 (a) and Dike 2 (b), east of Kiyose (See fig. 5).
@ : pyroxene microlite-poor portion. X : pyroxene microlite-rich portion.
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Appendix fig. 2 Oxides—SiO. relationship for the matrix glasses, analysed by electron probe, in chilled
rims of boninite and dacite of the Miyano-hama multiple dike (See fig.6).
@ : boninite. X : dacite.



