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Adakites from Solander Island, New Zealand
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Abstract The subduction related, island arc Pleistocene
volcano of Solander Island in Foveaux Strait is composed
of adakite, a new rock type first described from Adak Island
in the Aleutian arc. Adakites are formed by the partial fusion
of young oceanic crust under eclogitic facies conditions.
Comparison with other adakite localities suggests that the
oceanic crust presently subducting at the nearby trench may
be <25 Ma old.
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INTRODUCTION

A paper by Kay (1978) on the volcanic rocks of Adak Island
in the Aleutian chain identified a distinctive rock type, a
magnesian andesite, atypical of most arc magmas and
significantly different from boninite, the other magnesian
andesite. Similar rocks have since been described from many
other active island arcs including Panama (Defant et al.
1991), the Philippines (Sajona et al. 1993), Chile, Mexico
and Guatamala (Defant & Drummond 1990), and Japan
(Morris 1995). Defant & Drummond (1990) have identified
these as a new magma type, which they termed adakite.
Adakites are silica-oversaturated andesites and dacites
characterised by low heavy rare earth element (HREE)
contents combined with high Sr values. The Pleistocene
andesite volcano of Solander Island in Foveaux Strait, New
Zealand, has lavas chemically similar to this new rock type.
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ADAKITES

There is a general consensus that most magmas produced at
both ocean-ocean and ocean-continent collision zones are
produced by the wet melting of the mantle wedge, the water
being derived by dehydration of the downgoing slab. The
resulting magmas form the basalt-andesite-dacite-rhyolite
association (BADR), whose composition is dependent on a
variety of processes (Wilson 1989). Kay (1978) drew
attention to the distinctive chemical signature of two lavas
from Adak Island in the Aleutian arc. These are high
magnesian andesites characterised by low FeO*/MgO,
together with high Sr, high La/Yb, low Ba/La, high K/Rb, a
slight positive Eu anomaly, and higher Ni than most
associated rocks. Kay (1978) was able to model the trace
element content of these magnesian andesites by 3% melting
of subducted MORB with the mineralogy of an eclogite.
This new magma type, which Defant & Drummond (1990)
call adakite, has since been described from a number of arcs.
These authors have expanded the definition of Kay (1978)
as follows. Adakites are island arc lavas whose major and
trace element chemistry is characterised by SiO2 >56%,
A12O3 >15%, MgO <3%, low Y and HREE relative to island
arc BADR, and <18 ppm Y, Yb values (normalised to
chondrite and multiplied by 2.4) of <1.9, Sr >400 ppm, and
87Sr/86Sr O.7040. The adakites are andesites or dacites with
low contents of HREE and high Sr values.

One common characteristic documented by Defant &
Drummond (1990) is that the crust being subducted beneath
the adakite-bearing volcanoes is younger than 25 Ma, and
they draw attention to the fact that it is rare to find low Y
and Yb normalised lavas in arc volcanoes where the
subducting crust is older than 25 Ma.

Kay (1978 ) identified one of the distinctive features of
these rocks as the high MgO content (>5%), but subsequent
authors have extended the definition to include much lower
MgO contents. In a recent study of adakites from Japan,
Morris (1995) listed six analyses ranging from 1.62 to 2.56%
MgO, and the adakites quoted in Defant et al. (1991) average
1.06% MgO. Average analyses from a number of localities
are given in Table 1. From these it can be seen that the term
adakite has been expanded to embrace a broad spectrum of
chemical composition, although within this spectrum all of
the rocks retain the characteristic high Sr and low HREE
signature. However, rocks similar in chemistry to the original
Adak specimen with high MgO (>5%) are often referred to
as magnesian andesites, whereas the term adakite is used
for both the high MgO rocks and "more silicic and less
primitive rocks" (Yogodzinski et al. 1995). A comprehensive
paper by Stern & Killian (1996) describes adakites from the
Andean Austral volcanic zone and attributes the high MgO
members to partial melting of eclogitic MORB followed by
the melt interacting with the overlying mantle, whereas the
more evolved varieties have a more complex history. This
history includes melting of a mixed source of MORB and
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subducted sediment followed by interaction of the melt with
the overlying mantle and continental crust together with
some fractional crystallisation. Adakite was recognised by
Arculus (1994) as a distinctive island arc magma which may
have been generated by the partial melting of the uppermost
layers of young, hot, subducted lithosphere.

The source of adakke has been the subject of much
discussion (Defant & Drummond 1990; Drummond &
Defant 1990; Defant et al. 1991; Pearce et al. 1992; Sajona
et al. 1993). The high content of Sr combined with low
HREE is difficult to explain by conventional assimilation—
fractional crystallisation (AFC) processes acting on island
arc magmas produced by the wet melting of the mantle
wedge. Most suggestions follow Kay (1978) in invoking
partial melting of the downgoing slab under eclogite facies
conditions. In a variant of the origin proposed by Kay (1978),
Sajona et al. (1993) suggested that melting of a MORB
component of the subducting slab followed by garnet
fractionation is responsible for their unusual trace element
contents.

Drummond & Defant (1990) have drawn attention to the
similarity between adakites and high Al type trondhjemite-
tonalite-dacite (TTD) association of the Archaean gneiss
terranes. They have suggested that the voluminous Archaean
TTD association is a reflection of the elevated thermal
structure of the Earth, which facilitated partial melting of
the suboceanic lithosphere. They also reported Cenozoic
high Al TTD associations which have many of the chemical
characteristics of adakites and may be the plutonic
equivalents of the lavas.

SOLANDER ISLAND

Solander Island is an isolated, extinct, Pleistocene andesite
volcano in Foveaux Strait situated above the northeastward-
dipping Australian plate subducting beneath the Pacific plate
(Fig. 1). Radiometric K-Ar dating (Adams in Bishop 1986)
indicates an age of 1.4 ± 0.5 Ma for the volcano. Seismic
reflection analysis (Turnbull & Uruski 1993) indicates no
major subsurface structure, and any magma feeding channels
must be <1 km across. Four other structures in the immediate
vicinity have been interpreted as volcanic bodies, but none

Table 1 Average analyses of various adakite suites compared with
average (n = 9) Solander Island adakite. 1 western Aleutians
(Yogodzinski et al. 1995), 2 Adak Island (Kay 1978), 3 southwest
Japan (Morris 1995), 4 southern Andes (Stern & Killian 1996), 5
various (Defant & Drummond 1990), 6 Reay this paper.

SiO2
A12O3
TiO2
FeO
MgO
CaO
Na2O
K2O
Cr
Sr
Y
Yb
87Sr/86Sr

1

59
15.3
0.9
3.3
4.5

7
3.6

2
165

2390

0.68
0.7028

2

55.5
15.5
0.86
6.21
5.58
9.51
3.22
1.47

3

67.7
16.44
0.36
2.45
1.06
3.71
4.38
2.27

9
844
8.6

0.66

4

60.8
18.24
0.79

3.6
3.83
8.05
4.41
0.58

64
1894

5.3
0.95

0.7027

5

>56
>15

<3.0

>400
<18
<1.9

<.7O4

6

60.9
17.86
0.56
3.76
2.3

5.41
4.04
2.33

24
1243
16.7
0.3

0.7030

Fig. 1 Location map of Solander Island. Open-head arrow shows
the direction of motion for the Pacific plate relative to the
Australian plate (Anderson & Webb 1994).

break the seafloor. The closest late Cenozoic andesite
volcano is Mt Taranaki, 1100 km to the north. Solander
Island and numerous associated islets are small remnants of
subaerial lava flows, dikes, and volcaniclastic sediments.
The dominant rock type is a biotite hornblende andesite.
Petrography, mineralogy, and geochemistry are discussed
in Reay (1986). The rocks are high-K andesites according
to the classification of Peccerillo & Taylor (1976); and, with
the limited data available, Reay (1986) commented on the
high Sr and low Y contents of the volcanics.

Defant & Drummond (1990) listed the mineral assem-
blage of adakites as plagioclase plus amphibole, with or
without biotite, pyroxene, and opaques. This suite of
minerals is typical of the Solander lavas, although no
pyroxene has been observed at Solander Island. Repre-
sentative major and trace element analyses are given in
Table 2. A comparison of the chemistry of the Solandei
Island andesites and adakites is presented in Table 1. The
nine analysed samples from Solander Island rocks conform
to all the chemical criteria for adakites summarised by Defant
& Drummond (1990). A useful discriminant diagram for
adakites used by many authors is a plot of Sr/Y versus Y,
which reflects their very high Sr and low HREE content.
This diagram (Fig. 2) shows all Solander Island volcanics
plotting within the adakite field as defined by Defant &
Drummond (1990), with none plotting in the overlapping
island arc ADR field. The low HREE content of the adakites
is reflected in the La/Yb ratio, which typically falls between
30 and 94 (Defant et al. 1991). The Solander rocks have
values between 80 and 114, apart from one sample with a
value of 18. A chondrite normalised REE plot (Fig. 3)
emphasises the differences between the HREE-depleted
adakites with steep negative slopes and the much shallower
pattern of typical andesites of Mt Taranaki. Figure 3 also
shows the slight positive Eu anomaly characteristic of the
adakite suite. The similarity of Solander Island volcanics to


