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ABSTRACT

A high-MgO andesite which is texturally similar to boninite and a variolitic basalt collected from Site 458, about
100 km west of the Mariana Trench, have been studied through microprobe analyses and melting experiments at high
water pressures. The boninite-type andesite is very similar in composition and texture to a boninite from Bonin Islands,
except that the former is more calcic than the latter. The variolitic basalt contains magnesian pigeonite (Ca;,Mg;4sFe 4)
in cores of augite microphenocrysts. This pigeonite crystallized at temperatures above 1200°C. In the melting ex-
periments of the boninite-type rock, clinopyroxene crystallizes as a liquidus phase at pressures at least above 8 kbar. No
olivine crystallizes near the liquidus temperatures, indicating that the magma of this rock cannot be in equilibrium with
the upper mantle periodotite (lherzolite) at depths at least greater than 25 km. The boninite-type rock is probably a
product of fractional crystallization of a more primitive magma (e.g., olivine-bearing boninite magma) by separation of
olivine and orthopyroxene. The magma of the variolitic basalt also cannot be in equilibrium with the upper mantle
peridotite, and may be a product of fractional crystallization of a more primitive basaltic magma.

INTRODUCTION

Recently boninite and magnesian andesite have
drawn considerable interest because they possess certain
characteristics of primary magmas formed in the upper
mantle; that is, they have high Mg/Fe ratios and high Ni
and Cr contents and contain magnesian olivine and Ca-
poor pyroxene (bronzite or clinoenstatite). They are,
however, significantly higher in SiO, content than ba-
salts with the same MgO contents or Mg/Fe ratio. Such
high SiO, contents have been explained by the effect of
H,O when they were formed in the upper mantle
(Kushiro, 1972; Shiraki and Kuroda, 1977; Kay, 1978;
and Kushiro and Sato, 1978). Presence of water in the
fresh glass of boninite and coexistence of magnesian
olivine and silica-rich glass (melt) without reaction
strongly support this possibility.

Boninite was originally considered to be a very rare
rock found only in the Bonin Islands, although similar
rocks such as bronzite andesite and clinoenstatite-bear-
ing andesitic rock have been reported in several local-
ities including the Japanese and Aleutian Islands as well
as Papua. The finding of boninitic and related rocks
near the Mariana Trench during Leg 60 (Hussong, Uyeda
et al., 1978) is significant because the conditions of
generation of boninite magma occurred not just beneath
the area of the Bonin Islands, but extended at least to
the Mariana Trench in the middle Tertiary. However,
before discussing this possibility, characterization of
boninite from the Mariana fore-arc region must be
made. In this short report, the petrographic character
and melting relations at high water pressures of a bonin-
ite-type rock (Sample 458-28-1, 144-146 cm) are pre-
sented. A basaltic rock (Sample 458-29-1, 101-107 cm)
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which is closely associated with the boninite has also
been investigated for comparison. Although the bonin-
itic rocks from Site 458 are probably more properly
termed high-MgO andesite, or bronzite andesite (e.g.,
Site 458 report, this volume), for simplicity the sample
of this composition investigated here will be called bo-
ninite.

ROCK DESCRIPTIONS

Sample 458-28-1, 144-166 is a bronzite-bearing andes-
itic rock and is very similar in texture to boninite from
Bonin Islands, although no olivine is present. The rock
consists of a small amount (a few percent) of pheno-
crysts and a groundmass of clear glass with numerous
augite microlites. No plagioclase is present. Phenocrysts
and microphenocrysts are augite (~Cay,MgsoFe,, on
average) and a small amount of bronzite (~ CasMggyFe,s
on average). Most of the bronzite crystals are over-
grown by augite. Thin magnesian pigeonite appears to
be present between bronzite and augite in some grains.
The orthopyroxene/clinopyroxene ratio is much less
than that in typical boninites. The groundmass augite
microlites are more iron-rich (~ Caj;;MgyFe,s) than the
phenocryst augite, as shown in Figure 1.

The chemical composition of the rock determined by
the conventional wet-chemical analysis method is given
in Table 1 (Nos. 1 and la). The composition is also
similar to that of a boninite from Bonin Islands (Nos. 2
and 2a). However, the former is significantly higher in
CaO than the latter. This difference reflects the dif-
ference in the orthopyroxene/clinopyroxene ratio and
the liquidus relations of both the rocks.

Sample 458-29-1, 101-107 cm is a variolitic basaltic
rock, consisting of microphenocrysts of elongated clino-
pyroxene and groundmass of variolitic texture. Samples
458-29-1, 11-17 cm, 458-29-35, and 458-29-3, 3-8 cm are
very similar in texture to it. No typical phenocrysts are
present, indicating that the rocks would represent the
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Figure 1. Compositions of pyroxenes in boninite (Sample 458-28-1)
and variolitic basalt (Sample 458-29-1). Symbols: open circles =
augite and bronzite phenocrysts in boninite (Sample 458-28-1); G
= groundmass augite in boninite (Sample 458-28-1); solid circles
= augite and pigeonite microphenocrysts in variolitic basalt (Sam-
ple 458-29-1); shaded area = bronzite in boninite from Bonin

Island (Table 1, Nos, 2 and 2a) (Kushiro, unpublished data).

Table 1. Chemical compositions of boninite and basalt from Site

458.
1 la 2 2a 3 3a

Si0, 55.00 57.14 5447  57.61 49.09  52.96
TiO, 030 031 028 030 032 032
AlyO3 13.90 14.44 1497 1583 1590 17.16
Fe03 134 139 068 072 474 511
FeO 622 646 611 646 284  3.06
MnO 0.14 0.5 015 016 011  0.12
MgO 6.88 7.15 808 855 736  7.94
CaO 10.19 1059 7.36 778 9.4  9.86
Na0 183 190 177 187 215 232
K>0 038 039 066 070 094 1.0l
H0(~) 044 — 0.64 — 44 —
Hyo(*) 338 — 5.00 — 265 —
P05 0.07 007 002 002 012 013
Total 100.07 99.99 100.19 100.00 99.76 100.00
Norm

Q 11.54 10.89 5.69
or 2.28 4.12 5.96
ab 16.10 15.83 19.61
an 29.71 32.74 33.44
wo 9.32 2.40 6.11
en 17.80 21.29 19.77
fs 10.48 11.07 1.10
il 0.59 0.58 0.61
mt 2.01 1.04 7.41
ap 0.16 0.03 0.30
Notes:

I and la = Boninite (Sample 458-28-1, 144-146 cm) from
Site 458. Analyst: H. Haramura.

2 and 2a =

(Shiraki and Kuroda, 1977).
3 and 3a = Basalt (Sample 458-29-1, 101-107 cm) from Site
458, Analyst: H. Haramura.
la, 2a, and 3a are recalculated to 100% on an anhydrous

Boninite from Chichi-jima, Bonin Islands

basis.

magmas from which they solidified. Many clinopyrox-
ene microlites and thin plagioclase laths with radial tex-
ture are present in the groundmass. No discrete ortho-
pyroxene crystals have been found in the thin sections
examined of Sample 458-29-1, 101-107 cm. Microprobe
analysis shows that most of the clinopyroxenes are au-
gite (CayMgsoFe,, on average). Magnesian pigeonite
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(~Ca,;;Mg,Fe,,) (Fig. 1) was found in the core of some
relatively large augite microphenocrysts. Such magne-
sian pigeonite is extremely rare in terrestrial igneous
rocks. It must have been crystallized at high temper-
atures, as subsequently discussed. Most of the clino-
pyroxene crystals have hollow centers and are quite im-
perfect, probably due to rapid growth of the crystals.

The chemical composition of Sample 458-29-1, 101-
107 cm (Table 1, Nos. 3 and 3a), determined by the con-
ventional wet-chemical analysis method, is significantly
lower in SiO, and higher in CaO than that of boninites
with similar MgO contents. More than 5 percent nor-
mative quartz is calculated, but this rock is considerably
oxidized and when all Fe,0O, is reduced to FeO, nor-
mative quartz disappears. In addition, this rock does
not contain orthopyroxene, but contains plagioclase
and its texture is unlike that of boninite. For these
reasons, we do not call this rock boninite, but instead
we call it variolitic basalt. The composition is high in
AlL,O; and it falls within the field of high-alumina
basalts when plotted in the ternary ALO;-(K,0 +
Na,0)-Si0, diagram of Kuno (1960).

MELTING EXPERIMENTS
UNDER HYDROUS CONDITIONS

Preliminary experiments have been carried out on the
boninite (Sample 458-28-1) and the basalt (Sample
458-29-1) at pressures between 8 and 14.5 kbar under
hydrous conditions. The water content ranges from 10
to 22 weight percent. These water contents are for near
saturation or oversaturation with water in andesite
melts (Sakuyama and Kushiro, 1979). Sealed Ag,Pd;
capsules were used for all the runs. The loss of iron to
the AgPd capsules was almost negligible even during
18-hour runs at 1050°C; the glass after the run still con-
tains 7.61 weight percent FeO, compared to 7.71 weight
percent in the starting material. All the runs were made
with solid-media, piston-cylinder type apparatus.

The results of the runs are given in Table 2. For bo-
ninite Sample 28-1 clinopyroxene is the liquidus phase in
the pressure range between 8 and 12.5 kbar in the
presence of excess H,O. The composition of clinopyrox-
ene crystallized near the liquidus is nearly the same as
that of the cores of phenocryst augite in the rock. At
14.5 kbar, both clinopyroxene and orthopyroxene are
present, but the amount of orthopyroxene is much less
than that of clinopyroxene, and it is most likely that
clinopyroxene is the liquidus phase at this pressure.
Olivine does not crystallize in any of the runs made on
boninite (Sample 458-28-1). Boninite from Bonin Is-
lands (Table 1, Nos. 2 and 2b) shows different melting
relations; orthopyroxene is the liquidus phase above 11
kbar (Kushiro, unpublished data). The difference is
most probably due to the difference in Ca content in
these two boninites as shown above.

For basalt (Sample 458-29-1) clinopyroxene is the lig-
uidus phase at 13 kbar, but at 11 kbar clinopyroxene
and a very small amount of olivine are present, although
the latter has not been confirmed by electron micro-
probe analysis. No orthopyroxene occurs in these runs.
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Table 2. Results of the tests made on boninite Sample 458-28-1 and variolitic
basalt Sample 458-29-1, from Site 458.

Pressure Temperature Time H0
(kbar) (°0) (hr)  (wt.%) Products
Boninite

8 1075 9 103 Cpx + gl + g-cryst

9.5 1075 9 14.0 Cpx(rare) + gl + g-cryst

10.5 1050 18.5 140  Cpx(Ca3g 1Mgs) 3Feg g) + opx
+ gl + g-cryst

10.5 1050 18.5 18.9  Cpx(Cagq) gMgg9.7Feg.7) + gl
+ q-cryst

11 1075 20 14.5 Cpx + gl + g-cryst

11 1075 20 18.8 Cpx + gl + g-cryst

12.5 1050 6 10.0  Cpx(Ca36.6M852.8Fe10.5) +
opx(Cag 3Mgg] gFe13.9) + gl

12.5 1050 6 154  Cpx + opx(Cag 4Mg79 9Feys 7)
+ gl + g-cryst

12.5 1050 6 21.1 Cpx + gl + qg-cryst

14.5 1025 1 13.8 Cpx + opx + gl + g-cryst

Basalt

11 1000 2 12.4 Cpx + ol + gl + g-cryst

12 1020 2 14.3 Gl + g-cryst

13 1000 3 12.9 Cpx + gl + g-cryst

The results of the experiments indicate that the
magma of boninite Sample 458-28-1 cannot be in
equilibrium with the upper mantle peridotite (or olivine
+ orthopyroxene + clinopyroxene + spinel or garnet
assemblage) at least above 8 kbar (> 25 km depth) under
hydrous conditions. At higher pressures the field of
clinopyroxene expands, and clinopyroxene would con-
tinue to be the liquidus phase. Under anhydrous condi-
tions or with smaller amounts of water, such silica-rich
magnesian magma cannot be in equilibrium with mag-
nesian olivine. It is most likely that the magma of
boninite Sample 458-28-1 has been fractionated by
separation of olivine and orthopyroxene at relatively
shallow depths. The original magma may be more en-
riched in olivine and orthopyroxene components (i.e.,
higher in MgO and lower in CaQ) and closer in compo-
sition to olivine-bearing typical boninite.

The magma of basalt Sample 458-29-1 can be in equi-
librium with olivine and clinopyroxene at pressures at
least at 11 kbar under hydrous conditions. However, it
cannot be in equilibrium with upper mantle peridotite
(Iherzolite). If the water content in the magma is lower,
orthopyroxene would crystallize, but at the same time
the field of olivine crystallization would be reduced. 1
suggest that the magma of this basalt may also be a
product of fractional crystallization of a more primitive
basaltic magma. The genetic relationship between bo-
ninite and variolitic high-alumina basalt is an interesting
problem. One possibility is that the original magma of
the boninite was formed in the upper mantle under con-
ditions of excess or nearly excess water, whereas that of
the basalt was formed under water-undersaturated or
nearly dry conditions from the same source region.

The basalt Sample 458-29-1 contains magnesian pi-
geonite in the cores of augite microphenocrysts. As this

magnesian pigeonite most probably crystallized from
magma as a stable phase, the temperature of its crystal-
lization would have been higher than 1200°C according
to the ‘“‘pigeonite geothermometer’’ of Ishii (1975). The
original magma, therefore, must have been formed at
temperatures higher than 1200°C. If the site of genera-
tion of this magma was above the subducted oceanic
plate, the geotherm below Site 458, about 100 km from
the present trench, must have been fairly steep, at least
steeper than that in the present island arc, at the time of
magma generation.
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