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Abstract The petrogenesis of high-Mg andesites
(HMA) in subduction zones involves shallow melting
of refractory mantle sources or, alternatively, the
interaction of ascending slab-derived melts with
mantle peridotite. To unravel the petrogenesis of
HMA, we report major, trace element and Sr-Nd-—
Hf-Pb isotope data for a newly found occurrence of
HMA in the New Georgia group, Solomon Islands,
SW-Pacific. Volcanism in the Solomon Islands was
initiated by subduction of the Pacific plate beneath
the Indian—-Australian plate until a reversal of sub-
duction polarity occurred ca. 10 Ma ago. Currently,
the Indian—Australian plate is subducted northeast-
wards along the San Cristobal trench, forming the
younger and still active southwestern Solomon island
arc. However, a fossil slab of Pacific crust is still
present beneath the arc. The edifice of the active
volcano Simbo is located directly in the San Cristobal
trench on top of the subducting Indian—Australian
plate. Simbo Island lies on top of a strike-slip fault of
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the adjacent Woodlark spreading centre that is sub-
ducted beneath the Pacific plate. Geochemical and
petrological compositions of volcanic rocks from
Simbo are in marked contrast to those of volcanic
rocks from islands north of the trench (mostly arc
basalts). Simbo-type rocks are opx-bearing HMA,
displaying 60-62 wt% SiO, but rather primitive Mg—
Ni-Cr characteristics with 4-6 wt% MgO, up to
65 ppm Ni, up to 264 ppm Cr and Mg# from 67 to 75.
The compositions of the Simbo andesites are ex-
plained by a binary mixture of silicic and basaltic
melts. Relict olivine phenocrysts with Fogg o9 and
reaction-rims of opx also support a mixing model.
The basaltic endmember is similar to back-arc basalts
from the Woodlark Ridge. A slab melt affinity of the
silicic mixing component is indicated by Gd)/Yby)
of up to 2.2 that is higher if compared to MORB and
other arc basalts from the Solomon Islands. %’Sr/*°Sr,
eNd and eHf values in the analysed rocks range from
0.7035 to 0.7040, +6.4 to +7.9 and +12 to +14.4,
respectively. These values reveal the presence of the
Indian—Australian mantle domain beneath Simbo (i.e.
the Indian—Australian plate) and also beneath all
other volcanic islands of the New Georgia group,
which are located north of the San Cristobal trench.
2Pb/%Pb,  *Pb/™Pb  and  **Pb/”*Pb  values
(18.43-18.52, 15.49-15.55 and 18.13-18.34, respec-
tively) confirm the presence of slab melts from the
subducted Pacific plate beneath southern Simbo
where the highest Gd(n)/Yb(x) ratios are reported. A
spatial shift towards an Indian—Australian slab sig-
nature is observed when approaching the active San
Cristobal trench on northern Simbo, reflecting the
decreasing influence of slab melts from the old
subducted Pacific plate.
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Introduction

It is widely accepted that the source of present day
arc-volcanism is mantle peridotite in the wedge above
the subducting plate that was metasomatized due to
dehydration and melting processes in subducted oce-
anic crust and sediment (e.g. Gill and Compston 1973;
Ringwood 1974; Kay 1978, 1980; Perfit et al. 1980).
Yet, most subduction-related magmas display variable
proportions of components that originate from partial
melting of the hydrated mantle wedge and components
derived from both subducted sediments and subducted
oceanic crust (e.g. Gill 1981; Nichols et al. 1994; Defant
and Drummond 1990). The combined effects of these
components on the petrogenesis of subduction-related
magmas remain complex and are not yet fully under-
stood. It was long assumed that present-day geotherms
along subducting plates are too shallow to cause
slab melting (e.g. Peacock et al. 1994), although more
recent geophysical modelling (Kelemen et al. 2003)
appears to require modification of this view. Moreover,
recent experimental work (Kessel et al. 2005) suggests
that there is an increasing miscibility between slab
melts and slab fluids with depth. There is wide con-
sensus that melting of subducted oceanic crust occurs
in regions where young and hot oceanic crust is sub-
ducted or older subducting crust is torn (Yogodzinski
1995; Stern and Kilian 1996; Abratis and Worner 2001).
Adakites and high-Mg andesites (HMA) are believed
to originate from variable interaction of parental
tonalitic to dacitic melts with mantle peridotite during
their ascent (e.g. Kay 1978, 1980; Martin 1986;
Yogodzinski 1995).

Adakites are defined by SiO, contents of more than
56 wt%, more than 3 wt% Na,O, between 3 and
6 wt% MgO and more than 600 ppm Sr (Defant and
Drummond 1990). They also display extremely high St/
Y ratios and low heavy-rare-earth element (HREE)
concentrations (Y < 20 ppm, Yb < 1.9 ppm, Kay 1980;
Defant and Drummond 1990). Known adakite occur-
rences include the Central Aleutians (Kay 1978, 1980),
the Andean Austral zone (Stern and Kilian 1996) and
Costa Rica (Abratis and Worner 2001). The geo-
chemical compositions of adakites appear to require
hydrous, garnet-rich residues displaying initial trace
element compositions that resemble mid-ocean-ridge
basalts (MORBs, Defant and Drummond 1990).
Adakites are referred to as modern analogues of
Archaean TTG-suites, which reflect a higher geother-
mal gradient in the early Earth, thus generating large
volumes of slab melts (Martin 1986; Defant and
Drummond 1990; Martin and Moyen 2002). A steep
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geothermal gradient in the mantle wedge or deep
melting (>150 km) is therefore regarded as major
prerequisite for the partial melting of subducted oce-
anic crust (e.g. Peacock et al. 1994; Stern and Kilian
1996; Kessel et al. 2005).

The HMA are broadly characterized by high Mg#,
elevated MgO, Cr- and Ni-concentrations at SiO,
contents between 53 and 63 wt% (e.g. Crawford et al.
1989). This broad definition, however, includes boni-
nites that have no slab melt component but are re-
stricted to volcanic rocks with MgO contents of more
than 8 wt%, SiO, contents above 52 wt% and less than
0.5 wt% TiO, (Le Bas 2000). The occurrences of
boninites are associated with modern subduction zone
environments such as the Bonin Islands (e.g. Petersen
1891), Cape Vogel, Papua New Guinea (e.g. Dallwitz
et al. 1966), the Mariana Trench (e.g. Dietrich et al.
1978), New Caledonia (e.g. Meffre et al. 1996) and the
Setouchi volcanic belt (Tatsumi 1982). Key condition
for boninite generation is the addition of large amounts
of hydrous fluids into refractory peridotite in order to
lower the solidus temperatures, thus triggering partial
melting at depths of less than 50 km (Crawford et al.
1989).

In addition to boninites, melts with adakitic affinities
that have assimilated mantle peridotite or basaltic
melts constitute a second group of HMA. In this case,
the bulk geochemistry of HMA results from reactions
between adakitic melts and peridotites in the mantle
wedge (Yogodzinski 1995), displaying trace element
compositions that are transitional between adakites
and typical island arc andesites (e.g. Sr/Y ratios less
than 100 but still unusually high). Modern occurrences
of this HMA group include the New Hebrides (e.g.
Monzier et al. 1993), the Aleutians (e.g. Yogodzinski
1995), Kamchatka (e.g. Kepezhinskas et al. 1995;
Yogodzinski et al. 2001), the Cascades (e.g. Grove
et al. 2002) and the Andean Austral volcanic zone in
South America (e.g. Stern and Kilian 1996). HMA that
only contain small amounts of slab melts can often only
be recognized by their trace element characteristics.

In order to assess the role of slab melts during the
petrogenesis of HMA, we examined HMA from the
New Georgia archipelago in the Solomon Islands. Our
study focuses on the geochemistry, tectonic setting and
petrogenesis of the New Georgia HMA as well as their
genetic relationship to associated typical arc basalts
and andesites. The New Georgia HMA that mainly
occur on the island of Simbo are the most MgO-rich
andesites at a given SiO, concentration amongst all
other andesites found in the Solomon Islands (see
Schuth et al. 2004). Companion studies by Schuth et al.
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(2004) and Rohrbach et al. (2005) already assessed
the geochemical and petrological characteristics of
basalts and picrites occurring in the New Georgia
group. Here, we present new major, trace element and
Hf-Sr—Nd-Pb isotope data for New Georgia HMA.
Based on the data, a petrogenetic model is developed
and the significance of slab melting processes for
the general petrogenetic understanding of HMA is
evaluated.

Geological setting
The Solomon island arc is a ca. 800 km long double

chain of volcanic islands that is located on the
southwestern border of the Pacific plate (Fig. 1). The
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Fig. 1 Simplified geological and tectonic map of the western part
of the New Georgia group (after Abraham et al. 1987, Mann
et al. 1998). The Ontong Java Plateau (OJP) makes up most of
the Pacific plate in this area. Note that Simbo Island is located
south of the NBSC trench on the subducting edge of the Indian—
Australian plate

formation of the northeastern island chain of the
Solomons was triggered by subduction of the Pacific
plate beneath the Indian—Australian plate along the
Vitiaz trench during Eocene time (Petterson et al.
1999). Arc-volcanism ceased in the upper Oligocene
after the collision of the arc with the Ontong Java
Plateau (OJP) that was formed on the Pacific plate by
plume magmatism at 120-90 Ma (e.g. Tejada et al.
2004). However, subduction processes along the Vitiaz
trench are believed to be still active, as minor seismic
activity is still recorded (e.g. Mann 1997; Cowley et al.
2004; Mann and Taira 2004). Due to the thickness of
the OJP (more than 30 km, e.g. Hussong et al. 1979;
Miura et al. 2003) and its rigidity, the collision with the
Indian—Australian plate led to a reversal in subduction
polarity. Arc-volcanism above the now subducting In-
dian—-Australian plate started ca. 6 Ma ago (Petterson
et al. 1999), forming the southwestern volcanic chain of
the Solomon Islands that is still active.

Presently, the Pacific plate moves northwestwards
with 10 cm/a and is intercepted at high angle by the
Indian—Australian plate that moves with 7 cm/a to the
northeast (Petterson et al. 1999). The islands of the
New Georgia group form part of the active south-
western Solomon island arc and lie on the Pacific plate
with a distance of less than 50 km to the New Britain—
San Cristobal (NBSC) trench (Fig. 1). As a particular
feature of the Solomon arc, the Woodlark Ridge (WR)
spreading centre of the Indian—Australian plate is
subducted beneath the New Georgia group. Spreading
along the WR began at ca. 4 Ma (e.g., Mann et al.
1998). The subduction of young and hot oceanic crust
explains the lower seismic activity reported for the
New Georgia group compared to other sections of the
arc (Mann 1997). Via adiabatic decompression, the still
active spreading centre supplies extra heat to the
mantle wedge beneath the active Solomon arc, causing
an elevated temperature gradient. As a consequence,
the active Solomon arc is located less than 50 km be-
hind the NBSC trench (Marshak and Karig 1977).

Although being part of the western New Georgia
group, the island of Simbo has a unique tectonic set-
ting. Geophysical data indicate a position of Simbo in
vicinity of the NBSC trench. In contrast to all other
islands of the Solomon arc, Simbo Island is located on
the edge of the Indian—Australian plate, immediately
on top of a strike-slip fault that is associated with the
adjacent Woodlark spreading centre (Yoneshima et al.
2005; Fig. 1). Less than 20 km to the north of Simbo,
the island of Ranongga is located on the Pacific plate,
to the north of the NBSC trench. The island of Vella
Lavella is located another 40 km further north of
Ranongga. To elucidate the plate tectonic control on
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the composition of the volcanic rocks, we examined
samples from all three islands.

Basaltic and andesitic volcanic centres form the
largest parts of Vella Lavella. In contrast, the adjacent
island of Ranongga that is located closer to the trench
than Vella Lavella is part of the forearc region.
Northern Ranongga mainly consists of clastic sedi-
ments, whereas basaltic rocks with minor outcrops of
andesites dominate southern Ranongga. In contrast to
the other two islands, Simbo consists only of andesitic
cones (Abraham et al. 1987). Exact ages of any of the
three islands are unknown, but can be confined to less
than 4 Ma based on the morphology and tectonic
position. Volcanism on some of the islands is still active.
Clear evidence for recent historic activity is restricted to
Simbo, where hot springs, solfatares and recent sulphur
deposits are abundant. Minor post-volcanic activity (hot
springs) also occurs on Vella Lavella. Rapid uplift in the
region is indicated by Holocene coral reefs that are
now above sea level. Uplift rates of up to 7.5 cm/a are
recorded in the forearc (Mann et al. 1998).

Sampling and analytical methods

The samples examined in this study were collected
from the islands of Simbo, Ranongga and Vella
Lavella, thus sampling an across-arc section. Due to
intense weathering, most samples were taken from
creek boulders with known source catchments or
shoreline outcrops. Only fresh cores of rocks, display-
ing visibly unaltered phenocrysts, were considered for
analysis. A set of 24 samples was analysed by X-ray
fluorescence (XRF) analysis. From the group of 24
samples, 15 were chosen for incompatible trace
element analyses by quadrupole inductively coupled-
plasma mass spectrometry (quadrupole ICP-MS) and
isotope measurements. Thermal ionization mass spec-
trometry (TIMS) was used for Sr-Nd-Pb isotope
analyses whereas Hf isotope compositions were anal-
ysed using multiple collector-inductively coupled
plasma-mass spectrometry (MC-ICP-MS). Phenocrysts
of two samples were analysed by electron microprobe.
Sixteen representative samples were analysed for their
Sr—Nd-Hf-Pb isotope compositions.

The samples were crushed in a steel jaw-crusher and
ground in an agate mill. Major elements were deter-
mined using a Philips PW-1480 XRF spectrometer at
the Universitdt Bonn. Rare earth elements and Sc, Rb,
Sr, Y, Zr, Nb, Sb, Cs, Ba, Hf, Ta, Pb, Th, U were
analysed using an Agilent 7500cs quadrupole ICP-MS
at the Universitét Kiel. For quadrupole ICP-MS mea-
surements, ca. 100 mg of the samples were dissolved

@ Springer

in concentrated HF/HNO; (5:1) at 200°C for 24 h in
Savillex® vials placed inside Parr® Teflon bombs. After
three repeated dry down steps with concentrated
HNO;, the residue was completely dissolved in 6 ml
HNO3/H,0 (1:2) and diluted in 50 ml H,O, yielding a
final concentration of ca. 2% HNOs. Prior to analysis,
an internal In-Re standard was added. For collisional
thermalization, a gas flow of 1.1 ml He per minute was
applied in the reaction cell, leading to an improved
internal precision of <1% RSD over 10 h for most
elements. A comparison of results for the BIR standard
with recommended values of Govindaraju (1994) is
given in Table 1. The FeO content of each sample was
determined by visual titration using 120 mg of the
sample and a 0.02 N solution of KMnO, (Heinrichs and
Herrmann 1990). The external reproducibility was
better than 5%.

Sr—Nd-Hf results were all obtained from one split of
ca. 100 mg sample powder. Hafnium was separated
using the one-column Eichrom Ln Spec procedure
of Miinker et al. (2001). From the remaining matrix,
Sr and Nd were separated using conventional ion
exchange methods.

Table 1 Measured trace element concentrations for the BIR-1
standard (n =1) compared to recommended values from
Govindaraju (1994) and Weyer et al. (2003) (Nb, Ta, Zr, Hf)

Element BIR-1 measured BIR standard (Lit.)
Sc 50 44
Rb 0.21 0.25
Sr 94 108

Y 14 16
Zr 13.5 14
Nb 0.56 0.55
Cs 0.003 0.005
Ba 6.8 7.0
La 0.63 0.62
Ce 1.95 1.95
Pr 0.38 0.38
Nd 24 2.5
Sm 1.1 1.1
Eu 0.54 0.54
Gd 1.76 1.85
Tb 0.36 0.36
Dy 2.6 2.5
Ho 0.57 0.57
Er 1.6 1.7
Tm 0.25 0.26
Yb 1.69 1.65
Lu 0.26 0.26
Hf 0.56 0.58
Pb 0.54 3.0
Th 0.05 0.03
U 0.01 0.01

Note that the BIR-1 standard used in this study is an aliquot of
the original uncrushed USGS standard that was separately
ground in an agate mill by C. Miinker, thus explaining the large
difference in Pb concentrations
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The Sr-Nd isotope compositions were measured
using the Thermo-Finnigan Triton TIMS at Miinster
operated in static mode. *’Sr/**Sr and '**Nd/***Nd were
normalized to ®*Sr/*°Sr =0.1194 and '*°Nd/"**Nd
= 0.7219, respectively. Repeated analyses of the stan-
dards NBS 987 (for Sr) and La Jolla (for Nd) during the
course of the measurements gave mean values of
0.710257 (n =4) and 0.511846 (n = 4), respectively.
Long-term external reproducibilities for ¥’Sr/**Sr and
13N d/"**Nd are + 30 ppm. Hafnium isotope composi-
tions were determined using the Micromass IsoProbe
MC-ICP-MS at Miinster. An average value of 0.282130
with a long-term reproducibility of + 50 ppm was mea-
sured for the Miinster AMES Hf-standard, which is
isotopically indistinguishable from the JMC-475 Hf-
standard. All results are given relative to a "°Hf/'”’Hf
value of 0.282160 for the AMES/JMC-475 standards.
eHf and eNd values were calculated using CHUR values
of "°Hf/'"7Hf = 0.282772 from Blichert-Toft and
Albaréde (1997) and '*Nd/"**Nd = 0.512683 from
Jacobsen and Wasserburg (1980) for normalization.

For Pb isotope analyses, ca. 3 mm sized whole-rock
chips were put in an ultrasonic bath for 15 min,
repeatedly washed with H,O and then dried at 80°C
for 2 h. Subsequently, 150 mg were leached in hot 6 N
HCI for 1 h in Savillex® vials. The HCl was removed
and the vials containing the chips were washed with
H,O. This step was repeated using 3 N HCI. The grains

were then completely dissolved in HF/HNO; at 120°C
for 12 h in Savillex® vials. Pb was separated using an-
ion exchange techniques.

The Pb isotope compositions were measured using
the VG Sector 54 TIMS at Miinster operated in static
mode. In order to correct for mass-fractionation, an
average mass bias was determined by repeated NBS
982 measurements, and the values from Todt et al.
(1996) were used for mass bias correction. Repeated
analyses of the NBS 982 standard yielded a typical
mass fractionation of 1.49, per a.m.u. and an external
reproducibility of 0.449, per a.m.u. The NBS 982
standard and three samples were additionally analysed
for their Pb isotope compositions using the Thermo-
Finnigan Triton. The difference between NBS 982
measured, using both Triton and VG Sector 54 TIMS,
(*°°Pb/**Pb  +0.014, *Pb/”™Pb  +0.031 and
208pp/204pPh 4+ 0.007) was within the external repro-
ducibility. Results of the Sr-Nd-Hf-Pb isotope analy-
ses are given in Table 2.

Results

Petrography

Petrographically, two distinct groups of volcanic rocks
can be distinguished. Orthopyroxene-bearing andesites

Table 2 Sr-Nd-Hf-Pb isotope data from MC-ICP-MS and TIMS analyses

Sample SHEVTHE + 26 eHf  YSt/Sr+ 20 MNA/MNd +26 eNd  2PbA%Pb 27Pb/%Pb 2%pb/2%Pb
VL 102  0.283154 + 10 135 0703471 =16  0.513011 + 16 +73 1843 15.54 38.16
VL 103 0283170 + 9 141 0703821 =14 0.513021 + 16 +15 1843 15.50 38.14
0.283169 + 10 140  0.703817 = 12
VL110 0283154 = 10 135 0.703530 + 16 0.513019 = 16 +7.4 1847 15.51 38.24
VL 111 0.283145 + 10 132 0703757 =14 0.513015 + 16 +7.4
RG 113 0283161 = 10 13.8 0703517 + 16 0.513042 = 12 +79 1852 15.51 3825
RG 117  0.283147 + 7 133 0704041 =18 0.512967 + 12 +6.4 1854 15.51 38.28
0.283141 + 7 13.1
RG 118  0.283168 + 8 140 0703652 =16  0.513012 + 14 +13 1855 15.56 38.42
RG 119 0283179 + 7 144 0703560 + 14 0.512996 = 14 +7.0 1851 15.50 38.22
SB 121 0.283112 + 7 120 0703517 =12 0.513035 + 12 +17 1852 15.50 38.15
SB 123 0.283110 + 7 12.0 0703564 + 14 0.513023 = 14 +7.5 1854 15.53 38.25
18.54 15.542 38.29°
SB 125 0.283137 + 9 129 0703549 + 14 0.512992 + 18 +6.9 1843 15.49 38.13
0.283128 + 9 12.6
SB 126 0.283132 + 9 12,7 0.703530 + 14 0.512981 = 14 +6.7 1843 15.53 18.22
SB 128 0.283125 + 9 125 0703565 = 14 0.513014 + 16 +73 1849 15.55 38.34
SB 129 0.283133 + 7 12.8 0703495 + 12 0.512973 + 14 +6.5 1847 15.53 38.29
RG 131 0283172+ 9 141 0703666 = 14 0.512996 + 18 +70 18512 15.54 38.36°
18.52° 15.572 38.45°
SB 132 0.283134 + 7 128 0703522 + 14 0.512996 + 14 +70  1847° 15.52° 38.22°
SB133b  0.283122 + 7 124 0703600 + 14 0512977 + 16 +6.6 1843 15.49 38.15

eNd and €Hf were calculated with CHUR values from Jacobsen and Wasserburg (1980) and Blichert-Toft and Albaréde (1997),

respectively

? Some Pb data were obtained using a different TIMS (see text for details)
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are confined to the Simbo Island whereas amphibole
and clinopyroxene-bearing basalts and basaltic ande-
sites make up the islands of Vella Lavella and Ran-
ongga. The Ranongga and Vella Lavella suite is
porphyric, containing 15-30 vol.% plagioclase pheno-
crysts of up to 1 mm in size and 3-7 vol.% clinopy-
roxene (cpx) with diameters ranging from 1 to 2 mm.
Additionally, two samples from Vella Lavella (VL 104,
VL 110) contain amphibole megacrysts of up to 7 mm
in diameter. Olivine is rare and crystal sizes do not
exceed 2.5 mm. An exception is sample VL 103 with
up to 10 vol.% olivine. Olivines in sample RG 117 are
exceptionally altered. The Simbo andesites display
zoning in their plagioclase phenocrysts that have
diameters of up to 12 mm and are embedded in a
matrix that is occasionally glassy. Orthopyroxene sizes
typically range from 1 to 7 mm. Vesicles are rare in all
samples. A characteristic feature of the Simbo ande-
sites is the xenomorphic olivines that are surrounded
by orthopyroxene rims (Fig. 2a). Electron microprobe
analyses yielded Fo# values of 88-90 for the olivines
(Table 3). CaO contents of the olivines range from 0.13
to 0.20 wt% and are intermediate between mantle
olivines and basaltic/picritic solidus olivines in other
Solomon Island basalts (cf. Rohrbach et al. 2005). The
presence and textural relationships of these olivines
indicate mixing between an olivine-rich component
and a silicic melt where subsequent equilibration
reactions produced the opx rims. This is also supported
by Ni concentrations in olivines and orthopyroxenes
from Simbo-type andesites (Fig. 2b). The Ni contents
are unusually high for orthopyroxenes. Due to the
disequilibrium between the olivine and surrounding
SiO,-rich melt which produced opx, Ni is forced into
the opx structure in spite of the low Dy for Ni.

Major and trace element composition

The distinction between the two petrographic groups is
confirmed by major and trace element compositions
(Table 4). On the basis of the total alkali versus silica
(TAS) diagram (after Le Bas 2000; Fig. 3), the Ran-
ongga and Vella Lavella basalts and basaltic andesites
display SiO, contents of 49-57 wt% and differ from the
Simbo andesites with SiO, contents of 60-62 wt% and a
narrow range of total alkaline contents (3.2-4.2 wt%).
A general decrease of MgO, FeO and CaO concentra-
tions with increasing SiO, and Al,O; contents indicates
a typical calc-alkaline fractional crystallization trend
for the Ranongga and Vella Lavella suite (Fig. 4). For
the Simbo andesites, however, the MgO contents are
distinctively higher, ranging from 4 to 6 wt% at SiO,
concentrations of ca. 60 wt%, which is typical for
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Fig. 2 a Cores of xenocrystic olivine with surrounding rims of
orthopyroxene, indicating equilibration reactions during binary
mixing of SiO,-rich and mafic endmembers. Width of field is
30 pm. Results of electron microprobe analyses of the area
shown are given in b and Table 3 (sample SB 121). b Ni
concentrations in olivine (grey field) and orthopyroxene (filled
diamonds) from Simbo-type andesites. Due to the disequilibrium
between the olivine and surrounding SiO,-rich melt which
produced opx, Ni is forced into the opx structure in spite of
the low Dpy for Ni

HMA. The Mg# values in the Simbo andesites range
from 67 to 75, overlapping with values from primitive
basaltic melts. In accord with the high MgO contents,
the compatible trace elements Ni and Cr show rela-
tively high concentrations in the Simbo andesites of 15—
50 ppm for Ni and 50-250 ppm for Cr, compared to 5—
55 ppm Ni and 20-200 ppm Cr in the Ranongga and
Vella Lavella suite. In comparison to the Ranongga and
Vella Lavella suite, the Simbo andesites also have the
lowest CaO concentrations of 6.5-8.5 wt% and the
lowest Fe.,; content with 6-7 wt%. Concentrations of
the incompatible trace elements Zr, Th, Ba, Rb are
lower in the Simbo andesites than in the suite from
Ranongga and Vella Lavella. A characteristic decrease
in Zr concentrations with increasing SiO, contents can
be observed in the Simbo andesites.
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Table 3 Electron microprobe data obtained for samples SB 121, SB 125

Sample  Phase Mg#  SiO, (Wt%) MgO (wt%) CaO (wt%) ALO; (Wwt%) FeO (wt%) Ni(ppm) Cr (ppm)

SB 121 ol 725 405 49.3 0.146 0.015 10.5 1,775 102
opx 659 568 315 1.71 0.652 9.15 55.0 1,980
ol 711 40.6 49.4 0.134 0.019 11.3 1,775 204
opx 64.6 558 31.0 1.72 1.30 9.53 7.86 2,993
ol 69.9  40.7 48.0 0.132 <0.01 11.6 1,500 801
opx 63.8  55.6 30.6 1.97 1.11 9.74 330 2,058
opx core 624  56.1 314 1.89 0.733 10.6 385 1,878
cpx 654 531 184 20.7 1.38 5.47 502 4,015
opx 63.0 562 30.9 1.78 0.621 10.2 777 345
opx 65.7 557 31.6 1.94 1.08 9.25 275 2,514
ol core 715 404 48.9 0.201 0.043 10.9 1,830 212
opx core 652  56.1 31.6 1.65 0.527 9.50 722 636
opx rim 65.6 559 312 1.85 0.751 9.19 777 1,139
opx rim 612 562 30.8 1.76 0.590 10.9 1,390 573

SB 125  opx 580 553 293 1.96 1.39 11.9 440 1,092
opx 60.2 555 30.1 1.71 1.50 112 385 911
opx 842  53.6 224 1.41 0.541 23.6 275 275

Incompatible trace element systematics indicate
variable enrichments in light rare earth elements
(LREE) relative to HREE for all groups (Fig. 5). A
striking feature, however, is that the HREE concen-
trations in the Simbo andesites (5 x chondritic) are
depleted by a factor of up to 3 relative to those in the
other samples. The HREE depletions in the Simbo
andesites result in Lan)/Yby ratios (5.2-10.4) that are
higher than in the basalts and basaltic andesites (La/
Yby from 1.4 to 3.2; Table 4). An exception is the
basaltic sample RG 117 from southern Ranongga
(Lany/Ybny of 7.8) that rather matches the values
found in the Simbo andesites. This observation could
be explained by the short geographic distance between
southern Ranongga and the Simbo Island and, hence,
by a similar petrogenesis. The sample is therefore
discussed with the group of Simbo andesites. The
Simbo andesites display higher SiO, contents than all
the other samples, and the observed differences in
REE contents suggest that the magmatic sources of the
two groups are strikingly different.

Both groups show selective enrichments of the
fluid-mobile elements Rb, Ba, K, Pb and Sr and
depletions in the HFSE relative to N-MORB which is
a characteristic feature of subduction-related volcanic
rocks (Fig. 6). The Simbo andesites also display
strong enrichments in Th and U. Europium anomalies
are also restricted to this group and show EuwEu*
values between 0.7 and 1. The compositional affinities
of the Simbo andesites to subduction zone rocks are
surprising, given that these rocks erupted above a
transform fault that is part of an active spreading
centre.

Sr-Nd-Hf-Pb isotope compositions

Sixteen representative samples from Simbo, Ran-
ongga and Vella Lavella were analysed for their
Sr-Nd-Hf-Pb isotope compositions. 3Sr/*Sr values
range from 0.7034 to 0.7040; most samples have
values below 0.7036. Sample RG 117 from Ranongga
displays the highest 3Sr/%°Sr value of 0.7040 that is
possibly related to weathering as suggested by the
presence of altered olivines observed in thin sections.
Epsilon Nd values range from +6.4 to +8.3, with
most samples scattering around +7.0. However, all
samples from Vella Lavella display ¢Nd values above
+7.3. ¢Hf values vary between +12.0 and +14.4 with
systematically lower ¢Hf values for Simbo-type rocks
compared to rocks from Ranongga and Vella
Lavella. Values in the Simbo andesites range from
+12.0 to +12.9 and values in the Ranongga and Vella
Lavella suite range from +13.1 and +14.4. The Sr-
Nd-Hf data obtained in this study overlap with those
obtained by Schuth et al. (2004) for all other islands
of the New Georgia group (Fig. 7a) and plot into or
close to the Indian MORB field in Hf-Nd isotope
space (Fig. 7b). Lead isotope compositions range
from %°Pb/**'Pb = 18.43 to 18.55, *"Pb/***Pb = 15.49
to 15.56 and 2°Pb/***Pb = 38.13 to 38.42, respec-
tively. These values plot into the Pacific MORB field
(Fig. 11; Kempton et al. 2002), clearly revealing a
significant influence of components derived from
the Pacific plate (subducted until ca. 12 Ma B.P.)
on the examined volcanic rocks. The influence of
pelagic marine sediments appears to be negligible
(Fig. 11).
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Fig. 4 Selected major and trace element variation diagrams for
the Simbo-type andesites and Ranongga and Vella Lavella-type
basalts and basaltic andesites (symbols are as in Fig. 3). Vectors
indicate crystal fractionation trends. All data are recalculated
volatile free

typical calc-alkaline fractionation trends, similar to
basaltic magmas elsewhere in the Solomon arc (Schuth
et al. 2004). Concentrations of K,0, Na,O, Al,O3 and
Zr increase with decreasing MgO contents (Fig. 4).

Concentrations of FeO, Cr and Ni, however, decrease.
The samples with the highest MgO contents also dis-
play similar concentrations of compatible elements as
primitive magmas. The observed range of compatible
element concentrations indicates early fractionation of
olivine from the parental magmas with the highest
MgO content that most likely had basaltic composi-
tions. At less than 8 wt% MgO, crystallization of
clinopyroxene starts, as shown by decreasing CaO and
Sc concentrations. As observed in many mafic island
arc suites (e.g. Crawford et al. 1987), plagioclase frac-
tionation is insignificant, as illustrated by increasing
Al,Oj contents. The REE patterns of the Vella Lavella
and Ranongga suite are mostly parallel, reflecting
fractional crystallization from similar basaltic parent
magmas. Small differences in La)/Yb(y) ratios in this
group, ranging from 1.4 to 4.6, can be explained by the
fractionation of cpx and amphibole in which the
LREEs have lower partition coefficients than the
HREEs and MREEs (e.g. Hart and Dunn 1993). As
observed in thin section, amphibole phenocrysts are
restricted to samples VL 104 and VL 110 with Lany/
Ybn) = 4.6. As the HREEs are not depleted in the
Vella Lavella and Ranongga suite, the magmas do
originate from sources in the spinel lherzolite field (i.e.
from depths not exceeding ca. 80 km). In summary, the
parental magmas from Vella Lavella and Ranongga
are similar to those in other present-day subduction-
related settings.

Simbo-type magnesian andesites

Although located only less than 10 km south of Ran-
ongga (Fig. 1), the petrological features of Simbo Is-
land differ fundamentally from all other volcanic
islands of the Solomon Islands. These specific features
include the Mg-rich compositions, as indicated by the
presence of orthopyroxene and disequilibrium olivine.
Whereas the calc-alkaline volcanic rocks of the

Fig. 5 Chondrite-normalized
rare earth element patterns
for the Simbo-type andesites
and Ranongga and Vella
Lavella-type basalts and
basaltic andesites in
comparison to representative

100

mixing with
basaltic melt

A
v

residual garnet

Simbo-type andesites

Aleutian-type high
magnesium andesites
(Yogodzinski 1995).
Normalization to CI is after
Boynton (1984)

I Ranongga- and Vella
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southern Solomon island chain were generated by
melting of the hydrated mantle wedge above the sub-
ducting Indian-Australian plate (Petterson et al. 1999;
Schuth et al. 2004), this process cannot account alone
for the origin of the Simbo Island. As Simbo is located
on a Woodlark Ridge transform fault south of the
trench, MORB-like compositions would be expected.
As the subduction-related incompatible trace element
compositions of the Simbo rocks are distinctively dif-
ferent from patterns of typical back-arc basalts (John-
son et al. 1987, Fig. 6), the Simbo HMA cannot be
derived from the adjacent Woodlark Ridge. In order to
account for magmatism on Simbo, the presence of
subduction components is required in the magma
sources. As indicated by Pb isotope compositions of
the Simbo HMA (Fig. 11), an important source of the
subduction components is probably the Pacific plate,
which was subducted beneath the Solomon Islands in
Eocene time (Petterson et al. 1999, Mann and Taira
2004). The unusual tectonic setting of Simbo is also
reflected in the geochemistry of the andesites. Simbo

75
Solomon island
701 arc rocks
Simbo-type
6“ 65 andesites
.U_)
o\o 60 basalts and
-E 55| basaltic andesites
50+
45 - . .
0 5 10 15
wt% MgO

Fig. 7 SiO,-MgO plot for Simbo-type andesites in comparison
to the basalts and basaltic andesites from Vella Lavella and
Ranongga and to volcanic rocks from other islands of the
Solomon arc (shaded field, data from Schuth et al. 2004 and
personal communication)
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rocks are much more enriched in MgO and Ni—Cr for a
given SiO, composition (Fig. 7). Additionally, the high
Mg# of Simbo-volcanic rocks overlaps with those of
primitive magmas (Mg# > 65). As boninites also dis-
play such high MgO contents (e.g. Crawford et al.
1989), their possible petrogenetic role for Simbo-type
magmatism is discussed below.

A boninitic source of Simbo-type magmas?

Boninites are characterized by MgO contents of more
than 8 wt%, above 52 wt% SiO, and less than 0.5 wt%
TiO, (Le Bas 2000). They are derived from a refrac-
tory, peridotitic source that is enriched by hydrous
fluids that lower the solidus. Estimated melting tem-
peratures for boninites lie between 1,100 and 1,150°C
(e.g. Sun and Nesbitt 1978; Crawford et al. 1981;
Tatsumi 1982; Hickey and Frey 1982; Cameron et al.
1983; Bloomer and Hawkins 1987; Beccaluva and Serri
1988). In order to generate boninitic melts, the com-
bined effects of intense hydration and an elevated
temperature gradient trigger re-melting of the refrac-
tory mantle sources. Among various tectonic settings,
boninitic melts are frequently generated in forearc
environments at relatively shallow depths (ca. 50—
30 km; Crawford et al. 1989) where unusually hot
oceanic crust is subducted, similar to the tectonic set-
ting beneath the Solomon Islands. Such forearc-related
boninites occur at the Bonin Islands (Kikuchi 1890;
Petersen 1891), the Marianas (Dietrich et al. 1978), the
Lau Basin (Hawkins 1995), New Caledonia (Koh
Ophiolith, Meffre et al. 1996) and Papua New Guinea
(Dallwitz et al. 1966; Jenner 1981) in the western
Pacific. Olivine phenocrysts in boninites typically range
from Fogg to Fogs in composition, often show some
evidence for resorption and can be surrounded by
clinoenstatite (Jenner 1981; Walker and Cameron
1983). A striking feature of boninites is their concave
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(U-shaped) REE patterns (e.g. Jenner 1981; Hickey
and Frey 1982; Cameron et al. 1983). These patterns
are interpreted to indicate the addition of a LREE-
enriched component to the refractory peridotite source
prior to or during boninite melting (e.g. Crawford et al.
1981; Cameron et al. 1983; Meffre et al. 1996).

As indicated by comparison to other boninite
occurrences, the presence of boninites can be expected
in the Solomon arc because (1) the arc chain is located
very close to the NBSC trench and (2) very young and
hot oceanic crust is subducted. However, as illustrated
above, Simbo Island is not located in the forearc region,
but is located on the subducting Indian—Australian
plate. It is therefore not surprising that the major and
trace element features of the Simbo magnesian ande-
sites do not match compositions of true boninites. In
contrast to true boninites, Simbo-type rocks display
lower MgO contents at given SiO, contents (4-6 wt%
MgO compared to a minimum of 8 wt% MgO in bon-
inites). It is also difficult to explain the compositions of
the Simbo andesites by crystal fractionation from bon-
initic parental magmas, because the Simbo magmas
display nearly primitive Mg# (67-75). Moreover, the
Simbo andesites do not display characteristic concave
incompatible trace element patterns and are not as
depleted in incompatible elements as typical boninites
(Fig. 6). In conclusion, a boninitic origin can therefore
be ruled out for the Simbo HMA.

Evidence for the role of slab melts

Other andesites with similarly high MgO contents and
HREE depletions as the Simbo rocks are slab melt-
related HMA that also occur in island arc regimes.
While slab melt-related HMA are not strictly defined
with respect to their geochemical characteristics, their
petrogenesis involves different processes than those
generating boninites. These HMA (i.e. adakites) orig-
inate from the interaction of slab melts with the over-
lying mantle wedge and typically exhibit a silicic
endmember that is attributed to partial melting of
subducted eclogitic crust (Kay 1978, 1980; Stern and
Kilian 1996). In contrast to experimental prediction
(e.g. Rapp and Watson 1995), modern adakites display
higher MgO contents (e.g. Martin 1986), reflecting
mixing with mantle material (Yogodzinski 1995). Such
mixtures display trace element compositions that are
transitional between adakites and more typical island
arc andesites, e.g. Sr/Y ratios less than 100 but still
higher than typical arc andesites (< 30). Sr/Y ratios
in the Simbo HMA are similar to those in other
HMA occurrences. Such occurrences include the New
Hebrides (e.g. Monzier et al. 1993), the Aleutians
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(e.g. Yogodzinski 1995), Kamchatka (e.g. Kepezhinskas
et al. 1995; Yogodzinski et al. 2001), the Cascades (e.g.
Grove et al. 2002) and the Andean Austral volcanic
zone in South America (e.g. Stern and Kilian 1996).
Collectively, the major and trace element evidence
indicates that slab melts appear to play an important
role during the petrogenesis of the Simbo andesites.

The Simbo-type rocks display a clear depletion in
HREE compared to MORB and volcanic rocks from
Vella Lavella and Ranongga (Figs. 5, 6). The depletion
in HREE relative to MREE is indicated by Gdy/
Ybny values which range from 1.3 to 2.2 (Lany/
Ybny = 5.2-10.4), clearly above values of 1.0-1.3
(Lanny/Ybeny = 1.4-3.2) for the Ranongga and Vella
Lavella suite (Table 4). The HREE depletion in the
Simbo andesites together with the silicic composition
of the rocks points to subducted eclogitic crust as one
source of the Simbo andesites (e.g. Martin 1986; Rapp
and Watson 1995). Residual garnet in the mantle
source (e.g. D"Yb = 3.9; Hauri et al. 1994) buffered
the HREE in the Simbo andesites. Martin (1986) and
Defant and Drummond (1990) use bulk REE frac-
tionation Lan)/Yb(n) and Sr/Y to distinguish between
pristine adakites and typical island arc volcanic rocks.
Using these criteria, Simbo-type rocks as well as sam-
ple RG 117 from southern Ranongga (St/Y from 30 to
53) plot at the lower end of the adakite fields, but
clearly outside the field for typical island arc rocks
(Fig. 8a, b).

Ascending adakitic melts can mix with either mantle
peridotite or other mafic melts at variable proportions
which results in an “‘overprint” of pristine adakitic
signatures, thus lowering initially high Gd)/Yby
ratios (Yogodzinski 1995; Stern and Kilian 1996;
Kelemen et al. 1993). In Fig. 5, a comparison of REE
patterns of Simbo-type andesites and a suite of variably
“overprinted” adakitic REE patterns of HMA from
the Aleutians is shown. In comparison to the Aleutian
rocks, Simbo andesites plot at the upper end with
respect to the HREE depletion. The somewhat inter-
mediate HREE depletion confirms the admixture of a
mafic component to pristine adakitic melts. Given the
plate tectonic setting of the Simbo andesites, this mafic
component is most likely mantle wedge peridotite
beneath the Indian—-Australian plate or Woodlark-type
basalt. Elevated MgO contents are another indicator
for adakite-mantle wedge interaction (Sen and Dunn
1994; Sajona 1995; Maury et al. 1996). This feature is
also evident for the Simbo andesites that display MgO
contents from 4 to 6 wt%, overlapping with the upper
MgO range in typical adakites.

As a first conclusion, Simbo-type andesites show
geochemical characteristics similar to adakites and,
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Fig. 8 Diagrams discriminating between adakitic (grey fields)
and typical calc-alkaline arc compositions (white fields), showing
the compositions of the Simbo-type high-Mg andesites. a Sr/Y
versus Y (Defant and Drummond 1990). b Lay/Yb(y) versus
Ybny (Martin 1986)

even though falling short of matching the exact adakite
definition, they clearly exhibit slab melt signatures.
The presence of slab melts with steep REE patterns
requires the presence of a subducted eclogitic plate
beneath Simbo. A likely source is the fossil slab of
Pacific oceanic crust that was subducted beneath the

Solomon Islands until 20 Ma ago (Petterson et al.
1999). In order to elucidate the source of the slab
melts closer, isotope systematics are used below. This
approach, however, requires the identification of the
mafic mixing endmember first.

Evidence for binary mixing and identification
of a potential mafic endmember

A characteristic feature of the Simbo andesites is
olivine xenocrysts that are surrounded by orthopyrox-
enes (Fig. 2a). Hence, an olivine-bearing mafic com-
ponent was admixed to a relatively SiO,-rich slab-
derived melt. Nickel concentrations in olivine and
orthopyroxene from Simbo-type andesites support this
scenario (Fig. 2b). Olivine bearing peridotite or -bas-
alts, similar to those erupted along the adjacent
Woodlark Ridge (Johnson et al. 1987), may represent
suitable mafic endmembers. Mantle peridotite has
previously been considered as mafic endmember in the
petrogenesis of arc rocks that involve slab melting
(Martin 1986; Yogodzinski 1995). The mantle sources
of Woodlark Ridge basalts are slightly overprinted by
subduction components (Johnson et al. 1987; Perfit
et al. 1987) as they are located in a back-arc position to
the northeastern Solomon island chain where volca-
nism was triggered by the subduction of the Pacific
beneath the Indian—Australian plate. The measured
olivine compositions in the Simbo andesites (Fogg op)
do not enable a discrimination between peridotite and
basalts as they overlap with values found in both
primitive basalts and peridotites (Sobolev et al. 2005).
In order to discriminate between the two possible

Fig. 9 Mixing models A 100 200 < 100
explaining the petrogenesis of ppmNi ppm Cr Ni
Simbo-type andesites (filled ot 160 - . gof PP
diamonds) by mixing of 120 *
adakitic melts with potential 6ol . r 601 T
mafic epdmembers. a Mantle Mixing with| 80 | :/ ol :
peridotite as mafic | mantle- /V
endmember (data from 40 peridotite | «* 40 + 20+
Workman and Hart 2004). b
Typical basalt from the 20t ' 0 —_ 0 : . :
Woodlark Ridge (samples
KAK-820316-032-15(G)*, — B 50 200 r 100
029-018+, data from Perfit 70+ PppmNi 50% ppm Cr ppm Ni
et al. 1987) as mafic 40% 160 - . 50% 80T
endmember. Mixing lines 60 f 30% 40%
with Woodlark-type basalt 50 ) 120+ f 30% 60T
are labelled with percentages. i ; 20%
The compositionspof the ¢ 40 wg?d?avﬁt_h o 80 - v 20% 40
. . . 10% Py
Simbo andesites are difficult 30 T basalt 10%
to reconcile with simple 0% . 0%
admixture of mantle 00 5 10 40 0 5 10 20 0 200
peridotite wt% MgO wt% MgO ppm Zr
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mafic endmembers, mixing curves of a typical adakitic
melt with both possible endmembers were calculated
(Fig. 9). As shown in Fig. 9a, admixture of olivine-
bearing peridotite alone is unlikely to account for the
Cr-, Ni- and MgO contents in the Simbo-type rocks.
Even if a large uncertainty in the peridotite composi-
tion is assumed, the initial concentrations of Cr, Ni and
MgO in the peridotites are still too high and would
result in higher bulk concentrations than observed in
the Simbo andesites. Minor additions of peridotite and
more complex chromatographic interactions with
peridotite (rather than mixing), however, cannot
unequivocally be ruled out using such a simplified
mixing model.

In contrast to a peridotite-mixing scenario, the
mixing calculations are clearly consistent with a
basaltic mixing endmember, similar to basalts from
the Woodlark Ridge (Fig. 8b). The model requires the
addition of up to 50% Woodlark-type basalt to the
adakitic melts in order to yield as much as 6 wt% MgO
in the Simbo andesites. This estimate, however,
strongly depends on the MgO content that is assumed
for the Woodlark basalt (an average of ca. 8 wt% MgO
has been used here; Perfit et al. 1987). A slightly higher
MgO concentration in the Woodlark basalt component
would require lower amounts of added basaltic melt.
As for MgO, the Cr and Ni mass balance strongly de-
pends on the estimated average composition of the
basaltic endmember. Assuming average basaltic com-
positions, 40-50% of Woodlark-type basalt can explain
the Ni and Cr compositions of the Simbo andesites.
The addition of back-arc type basalts to the felsic melts
is also supported by a rather unusual positive correla-
tion between MgO contents and Zr abundances in the
Simbo andesites (Fig. 4). Such a positive correlation
requires the Zr concentrations in the mafic component
to be higher than those in the adakitic component.
Indeed, such elevated Zr concentrations (above
100 ppm) are typically found in MORB and back-arc
basalts like those in the Woodlark basin (Johnson et al.
1987; Perfit et al. 1987).

In conclusion, a binary mixture between a slab-de-
rived melt and a mafic melt is indicated by olivine
xenocrysts with reaction-rims of opx, as well as by high
MgO, Ni and Cr contents that are unusually high for
andesitic rocks. A mixing model supports Woodlark-
type basaltic melts as the potential mafic endmember.
Admixture of mantle peridotite requires more complex
chromatographic mechanisms. The primitive xenocry-
stic olivines are most likely liquidus olivines that
already crystallized from these mafic melts. The
admixture of basaltic melts also explains the relatively
small depletion of HREE in the Simbo-type andesites,
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compared to typical adakites. This observation is sim-
ilar to those in other adakite occurrences (Sen and
Dunn 1994; Sajona 1995; Maury et al. 1996).

Isotope constraints on the sources of the two
magmatic groups

The Sr-Nd isotope compositions of the two rock
groups are similar to that of all other rocks analysed so
far from the New Georgia group (Schuth et al. 2004)
and are also close to those of the adjacent New Britain
and Vanuatu arcs (Fig. 10a). Previous workers (Hick-
ey-Vargas et al. 1995; Schuth et al. 2004) argued that a
relict Indian-type mantle wedge is still present beneath
the Solomon Islands that originates from the Eocene—
Miocene subduction of the Pacific plate beneath the
Indian—Australian plate. The isolation of the relict
Indian-type mantle domain occurred when subduction
polarity switched to its present day northward direc-
tion. Compared to all other islands of the Solomon
group, the Simbo Island is the only active subaerial
volcano that is located on the Indian—Australian plate
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Fig. 10 a Comparison of Sr-Nd isotope values obtained for the
western New Georgia samples with those of other SW-Pacific arc
rocks. Vanuata data are from Peate et al. (1997), sediment and
New Britain data from Woodhead et al. (1998), Pacific and
Indian MORB fields are after Hofmann (1997), New Georgia
field is after Schuth et al. (2004). b eNd-€Hf plot. The thick line
represents the discrimination line between Indian and Pacific
MORB, modified after Kempton et al. (2002). Symbols are as in
Fig. 3
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Fig. 11 Pb isotope compositions of the analysed samples. Fields
after Peate et al. (1997)

and is separated from the adjacent islands of Ranongga
and Vella Lavella by the presently active NBSC trench
to the north (Fig. 1; e.g. Yoneshima et al. 2005).

In the SW-Pacific realm, combined Hf-Nd isotope
systematics in oceanic basalts have proven useful to
discriminate between Pacific and Indian—Australian
type mantle domains (e.g. Kempton et al. 2002; Pearce
et al. 1999; Schuth et al. 2004). The new Hf-Nd isotope
data suggest that the sources of all three volcanic islands
are part of the Indian—Australian mantle domain
(Fig. 10b). Interestingly, Simbo-type rocks systemati-
cally display slightly lower ¢Hf values than rocks from
Ranongga and Vella Lavella. Such across-arc shifts in
Hf isotope signatures have previously been reported for
other western Pacific arcs (Woodhead et al. 2001). In
the case of Simbo, the across-arc transition to lower eHf
values probably reflects regional variations in the Indian
domain that are now juxtaposed by Phanerozoic sub-
duction processes or, alternatively, possible differences
in eHf between the Indian and Pacific endmembers.

In conjunction with Hf-Nd isotope systematics, Pb
isotope compositions of arc rocks are also sensitive
tracer for subducted sediments. Moreover, Pb isotope
compositions are also significantly different between
the Indian—Australian and Pacific mantle domains (e.g.
Kempton et al. 2002). As Pb behaves highly mobile in
subduction systems (e.g. Chauvel et al. 1995), Pb iso-
tope compositions may help to unravel the source of
subduction components that are derived from oceanic
crust. Because 2*’Pb/”**Pb compositions of the analy-
sed samples overlap with those of MORB (Fig. 11),
any significant addition of subducted pelagic sediments
to the magma sources can be ruled out. However, a
significant influence of subduction components derived
from the older subducted Pacific slab on the composi-
tions of all volcanic rocks, including Simbo-type
andesites, is revealed (Fig. 12). This observation is
confirmed by geophysical data which indicate the
presence of a fossil slab of Pacific oceanic crust at
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Fig. 12 a Plot of Gd(xn)/Yb(n) as indicator for slab melt signature
versus Pb isotope discrimination parameter (DDL) between
Indian and Pacific Pb isotope compositions. The vector indicates
the shift towards an increasingly Pacific Pb isotope composition
with increasing slab melt components. b Longitude (degree
south) versus Pb isotope discrimination parameter (DDL). The
vector indicates an increasingly Pacific Pb isotope composition
with greater distance to the San Cristobal trench toward the
south. DDL is calculated as discrimination score after Kempton
et al. (2002):(—18.109 x2% Pb/*™Pb) + (12.950 x2°8 Pb/***Pb)

depths of up to 160 km beneath the region examined
here (Mann et al. 1998). Such depths are within the
eclogite stability field but above the supercritical point
of slab-derived fluids and melts (Kessel et al. 2005),
thus arguing for the presence of adakitic melts. Hence,
both isotopic and geophysical data point towards the
presence of HREE-depleted adakitic melts that are
derived from the subducted Pacific plate. This model is
furthermore supported by coupled Pb isotope and
HREE variations. Samples with the most pronounced
Pacific Pb isotope composition also display the most
prominent slab melt signature (high Gdy/Yb),
Fig. 12a). The slab melt contributions increase with
distance from the NBSC trench (Fig. 12b).

In Fig. 13a, a projection of AeNdp,; versus ANd after
Pearce et al. (1999) is shown. The AeNdp/; parameter is
the deviation of a sample from the Pacific-Indian dis-
crimination line in Hf~Nd isotope space. ANd denotes
the enrichment of Nd relative to Hf by subduction
components. In agreement with Pb isotope composi-
tions, constant AeNdp,; with increasing ANd rule out
the addition of significant amounts of pelagic sedi-
ments (unradiogenic Nd) to the sources of all rock
groups. Rather, additions of components derived from
Pacific MORB and from subducted volcanic sediment
are indicated, the latter probably resulting from high
uplift and erosion rates close to the trench (Mann et al.
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Fig. 13 a AeNdp; versus ANd projection for the Simbo-type
andesites and RVBB. Vectors indicate addition of fluids/melts
derived from subducted pelagic/volcanogenic sediment and
components derived from Pacific MORB and are taken from
Pearce et al. (1999). Ae Ndp;; is calculated relative to the Pacific/
Indian mantle domain discrimination line of Pearce et al. (1999).
Equations  are:  AeNdpy = 0.625¢Hf — eNd ~ andAeNdp); =
[(Nd/Yb) — 10(0-674+141410g(HI/YD)] /INd/Yb]. b AeNdp; versus
Gdny/Ybn), illustrating the increasingly Pacific Hf-Nd signature
in the Simbo samples with increasing slab melt contribution

1998). In AeNdp,; versus ANd space, Simbo-type
andesites show a characteristic shift towards composi-
tions of subducted Pacific MORB. This reflects the
increasing influence of slab-derived melts from the
subducted Pacific plate (Fig. 13b) and is consistent with
the observations above. A schematic plate tectonic
sketch summarizing the petrogenesis of Simbo ande-
sites and the basalts and basaltic andesites from Ran-
ongga and Vella Lavella is shown in Fig. 14.

Conclusion

On the basis of geochemical and petrological data
obtained for volcanic rocks from the western part of
the New Georgia archipelago, a group of magnesian
andesites from the island of Simbo on the Indian-
Australian plate can be distinguished from a basaltic
and basaltic andesitic group from the islands of Vella
Lavella and Ranongga that are located on the Pacific
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Fig. 14 Schematic sketch, illustrating the proposed petrogenetic
model for the Simbo-type andesites and the basalts/basaltic
andesites from Vella Lavella and Ranongga. As confirmed by
geophysical evidence, the slab melt component in the Simbo
high-magnesium andesites originates from a detached part of the
fossil Pacific plate that was subducted until Miocene time. Depth
of detached plate fragment is ca. 160 km

plate and are separated from Simbo by the NBSC
trench.

Compositions of the Simbo-type magnesian ande-
sites are unique among all other analysed samples from
the Solomon Island region. The trace element com-
position of the Simbo andesites is partially inherited
from slab-derived melts that originate from a fossil slab
of subducted Pacific oceanic crust. Reaction of the
ascending slab melts with basaltic melts and possibly
with mantle peridotite has resulted in a dilution of the
pristine adakitic melts and has modified the initially
HREE-depleted REE patterns. The basaltic end-
member is most likely back-arc-type basalt from the
Woodlark Ridge. During reaction with the basaltic
component, the ascending silicic slab melt assimilated
olivine phenocrysts.

Lead isotope compositions reveal the influence of
subduction components derived from the older sub-
ducted Pacific plate on magma compositions on all
three islands. Indian-type Pb isotope signatures are
restricted to samples from southern Ranongga and the
northernmost part of Simbo. Both areas are located
closest to the presently active NBSC trench, where
lower amounts of Pacific subduction components
appear to be present, as also shown by decreasing slab
melt signatures in these samples. Coupled Hf-Nd iso-
tope relationships reveal the presence of the Indian-
Australian type mantle domain beneath Simbo.
Moreover, a relict wedge of Indian—Australian type
mantle underlies the islands presently located on the
Pacific plate as already shown by previous studies
(Schuth et al. 2004). Displacements towards Pacific
Hf-Nd isotope signatures in Simbo-type magnesian
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andesites are most pronounced in samples with the
highest slab melt component. This clearly demon-
strates the overprint of pristine Indian—Australian type
Hf-Nd isotope signatures by Pacific signatures.

High geothermal gradients that are required for slab
melting are provided by the subduction of the Wood-
lark spreading centre and also by the disruption of the
Pacific slab that was previously suggested by Petterson
et al. (1999), possibly leading to rapid heating along
torn slab edges. This scenario is analogous to similar
settings in Central America or Kamchatka (Abratis
and Worner 2001; Yogodzinski et al. 2001). In addition
to the steep geothermal gradients in the region, the
presence of a transform fault beneath Simbo facilitates
the ascent of slab melts.
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