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Abstract

Back-arc basin glasses from the Mariana Trough and Manus Basin display contrasting oxygen isotope characteristics
that require differences in their mantle sources. In both basins, the lavas that are most depleted in high field strength
elements possess N18O values of around 6.0x, that are elevated with respect to mid-ocean ridge basalt (MORB). This
characteristic is consistent with a mantle source that has been infiltrated by fluids released from subducted oceanic
lithosphere. The nature of the more fertile mantle component differs between the two basins. The lowest N18O values in
the Mariana Trough are similar to MORB and suggest that the ambient upper mantle interacts with a subduction-
modified mantle to produce Mariana Trough back-arc basin basalts. Oxygen isotope ratios of basaltic glasses from the
Manus Basin display a negative correlation with helium isotope ratios. The subduction-modified component is
associated with 3He/4He ratios typical of the upper mantle. Glasses with 3He/4He ratios greater than average MORB,
characteristic of a deep mantle plume, have N18O values that are lower than expected for upper mantle melts. This
suggests that the Manus Basin plume taps a reservoir that is 18O-depleted relative to the source of MORB. Two
mechanisms are identified that might generate this reservoir. Deep recycling of oceanic crust that has been
hydrothermally altered at high temperature may provide large 18O-depleted domains in the deep mantle. Alternatively,
we propose that interactions between silicate and iron alloy during the segregation of the Earth's core may have the
potential to generate such reservoirs. Resolution between these mechanisms requires further experimental investigation
of oxygen partitioning between silicates and iron alloy. Each of these mechanisms has distinct implications for the
origins and dynamics of the Manus Basin plume. ß 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Earth's mantle is the largest repository of
terrestrial oxygen and displays relatively uniform
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oxygen isotope ratios (expressed as N18O values1)
with a bulk average of around +5.5x [1]. Like-
wise, mid-ocean ridge basalt (MORB), the most
voluminous extract from the mantle, has a low
S.D. on its well-de¢ned mean value of ca.
+5.8x [2,3]. The small (ca. 0.3x) di¡erence be-
tween these mean values is consistent with tem-
perature dependent fractionation during melting
[4]. In contrast, N18O values of ocean island ba-
salts (OIBs) are signi¢cantly more variable with
some OIBs possessing 18O/16O ratios either higher
or lower than MORB [3,5]. In circumstances
where crustal contamination can be discounted,
18O enrichment in OIBs has been attributed to
the presence of subducted sediment recycled to
the surface by mantle plumes [5]. Explaining
the origin of lavas with N18O values that are
lower than MORB [5^7] is more problematic
however.

The largest known terrestrial reservoir of low
N18O silicate material is oceanic crust that has
been hydrothermally altered at temperatures
above ca. 250³C soon after formation (ca. 2^6
km below the sea-£oor [8^10]). Oxygen from
this reservoir may be incorporated into oceanic
basalts either immediately beneath the site of
eruption during magma transport through the
crust [11^14] or in the mantle source region due
to admixture with old subducted oceanic litho-
sphere [3,15]. Distinguishing between a deep, pos-
sibly recycled, provenance for the low N18O signa-
tures of some OIB versus a shallow level origin
associated with assimilated crust has major impli-
cations for determining the nature of mantle res-
ervoirs supplying ocean islands and consequently
for the geochemical evolution of the planet. Since
most ocean islands are constructed on oceanic
lithosphere OIB melts potentially have access to
a signi¢cant 18O-depleted reservoir immediately
beneath the volcanic edi¢ce. Interaction between
mantle-derived melts and this crust is clearly re-

corded in some ocean island lavas [13,14,16^18]
and would, at least partially, obscure primary
mantle signatures.

In an e¡ort to circumvent the e¡ects of contam-
ination by high level crust and to obtain a clearer
picture of the oxygen isotope systematics of OIB,
we have focussed on volcanic glasses from the
Manus Basin, an active back-arc basin in the
western Paci¢c Ocean. The helium isotope ratios
of spreading centre magmatism in this back-arc
basin (mean 3He/4He = 12.2 RA ; where RA is the
atmospheric ratio of 1.4U1036) suggest that there
is a signi¢cant contribution from a mantle plume
[19]. A particular advantage of the Manus Basin
is that as an active spreading segment, with a
relatively high spreading rate, it should be less
susceptible to crustal contamination than ocean
island melts that have traversed normal or thick-
ened oceanic crust [11,14,20]. Furthermore, by an-
alysing glasses we unequivocally sample part of
the active magmatic system: mineral separates,
such as olivine, could be potentially xenocrystic
in origin [14]. Results for Manus Basin glasses
are contrasted with oxygen isotope data for the
Mariana Trough; a back-arc basin producing
melts with helium isotope characteristics that are
typical of the upper mantle (mean 3He/4HeV
8 RA). Comparison of the Manus and Mariana
datasets allows identi¢cation of common subduc-
tion zone 18O/16O characteristics but suggests that
the mantle least a¡ected by subduction di¡ers be-
tween the two basins. This di¡erence is best ex-
plained by the plume component in the Manus
Basin having an oxygen isotope ratio that is lower
than the mantle source of most MORB lavas and
peridotite nodules.

2. Samples and techniques

The Mariana Trough is a back-arc basin lo-
cated west of the Mariana arc. The 15 samples
for which new 18O/16O data are presented are
from the southern part of the basin. Sample loca-
tions and geochemistry are discussed in detail by
Gribble et al. [21]. The glasses are basaltic in com-
position and range from true MORB-type to
back-arc basin basalts (BABBs). The MORB

1 N18Oa is the per mille deviation of 18O/16O in a from the
international standard (std) V-SMOW given by the relation-
ship:

N 18Oa� 1000�
18O=16Oa

18O=16Ostd
31

� �
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glasses, from a single site in the southern-most
part of the basin, are light rare earth element
(LREE)-depleted and have the lowest 87Sr/86Sr
and highest 143Nd/144Nd yet measured in the
Mariana Trough. The remaining lavas possess
REE patterns that are convex-up or LREE-en-
riched and display variable enrichment of large
ion lithophile elements (LILEs) with notable pos-
itive anomalies of Pb and Sr. Enrichment of
LILEs with respect to high ¢eld strength elements
(HFSEs) is thought to re£ect the presence of a
hydrous, subduction-related component in the
generation of the southern Mariana Trough ba-
saltic suite [21]. Negative Ce and positive Eu
anomalies in REE patterns may indicate the pres-
ence of a sedimentary contribution to the recycled
component. The range of compositions is consis-
tent with interaction between subduction-modi¢ed
mantle and MORB source mantle in the source of
Mariana Trough basalts [21].

The Manus Basin is located in the eastern Bis-
marck Sea north of the active New Britain arc
and has formed as a result of extensional magma-
tism at several rifts, spreading centres and faults
[22]. A diverse spectrum of melts has erupted
within the Manus Basin. On the basis of major
and trace element characteristics, Sinton et al. [23]
distinguish lavas with MORB, BABB and arc af-
¢nities. MORB-type lavas occur in the central and
western parts of the basins. These are tholeiites
depleted in incompatible trace elements with re-
spect to normal (N-)MORB and with LREEs de-
pleted by factors of 4^5 relative to heavy REEs.
BABB glasses are found in all active parts of the
Manus Basin. At a given MgO, these samples
possess higher concentrations of K2O (and other
LILEs), P2O5 and H2O than the MORB-like
lavas but have lower total Fe, TiO2 (Fig. 1), Zr
and Y, and have REE pro¢les that are £at to
LREE-enriched. A sub-set of back-arc lavas
with more extreme enrichments and depletions
of LILE and HFSE, respectively, are termed X-
BABB (Fig. 1). The combination of lower concen-
trations of Y and Zr with relative enrichment in
H2O and LILE suggests that BABB sources have
been variably enriched by a LREE- and LILE-
rich (hydrous) component [23]. Arc-like, calc^al-
kalic lavas have been recovered only from the

East Manus Rift. These have the highest concen-
trations of LILEs and H2O and lowest abundan-
ces of compatible trace elements and HFSEs
among all the Manus Basin lavas (Fig. 1). Ba/
La and 87Sr/86Sr ratios are higher than those of
other Manus Basin lavas. In addition to the inter-
action of upper mantle and subduction-derived
components, 3He/4He ratios greater than MORB
are consistent with a mantle plume contribution
to all Manus Basin magmatism, with the excep-
tion of the arc-type lavas [19]. New oxygen iso-
tope data are reported for 27 Manus Basin glasses
representing each of the petrogenetic types de-
scribed above.

Oxygen isotope analyses of volcanic glasses
were performed by laser-£uorination at Royal
Holloway University of London. Sample prepara-
tion and data processing protocols can be found
in [11]. In contrast to that work, an automated
extraction system employing a CO2 laser was used
to promote the £uorination reaction and isotope
ratios were measured on oxygen gas rather than
CO2. All analyses yielded greater than 97% of
the expected volume of O2. Replicate analyses
of internal standards over the period of analysis
gave the following results : San Carlos Olivine
+4.91x, þ 0.05x (n = 6), QBLC quartz
+8.85x, þ 0.11x (n = 8). Minor within-run
drift of around 0.05x was corrected by monitor-
ing results for the two or three standards run each
day (i.e. per 12^13 samples). Precision and accu-

Fig. 1. MgO (wt%) versus TiO2 (wt%) of Manus Basin lavas.
Data are from [23]. See text for descriptions of petrogenetic
types.
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racy within runs were similar to the overall stan-
dard results listed above.

3. Results

3.1. Southern Mariana Trough

The southern Mariana Trough glasses possess a
relatively restricted range of N18O values from
+5.71x to +6.04x (Table 1), which is similar
to basaltic glasses from the Central Lau Basin
[11]. These values are slightly higher than data
for northern Mariana Trough glasses reported
by Eiler et al. [24]. This may re£ect the wide var-
iation in melting conditions and slab £uids found
in the Mariana Trough [25].

In a plot of MgO versus N18O, the southern
Mariana Trough data suggest that two distinct
magmatic evolution vectors may be present both
originating at a point with high MgO (ca. 8 wt%)
and a N18O of approximately +5.9x (Fig. 2). The
¢rst vector remains constant with decreasing MgO
while the second decreases to +5.71x. A de-
crease in N18O cannot be generated by fractional
crystallisation of a typical basaltic phenocryst as-
semblage but requires instead an input of 18O-de-
pleted material into the melt. The most likely pro-

cess for introducing low N18O material into
evolving melts is assimilation of hydrothermally
altered oceanic crust [11,14]. However, this vector
is largely constrained by the lowest MgO point
(86DS4-2) and there is no positive correlation be-
tween N18O and 3He/4He (Fig. 3) as might be ex-
pected if crustal assimilation had occurred [14].
Rather, MORB-like He isotope ratios characterise
all the southern Mariana Trough glasses (Fig. 3;
[26]). In addition, N18O correlates negatively with
the degree of HFSE depletion in the source, as

Fig. 2. MgO (wt%) versus N18O for Manus Basin and Maria-
na Trough glasses.

Table 1
Oxygen isotope data for southern Mariana Trough glasses

Glass ID Latitude north Longitude east N18Oa MgO SiO2
3He/4Heb

(x) (wt%) (wt%) (R/RA)

71DS1-1 16³59.1P 144³50.1P 5.92 (0.06) 7.67 49.5 8.53
71DSTYPE3 16³59.1P 144³50.1P 5.79 6.97 50.9 8.03
73DS1-2 16³41.3P 144³49.3P 5.83 6.91 51.2 8.34
74DS1-1 16³32.1P 144³51.0P 5.76 6.32 50.7 8.18
74DS2-4 16³32.1P 144³51.0P 5.98 6.29 50.8 8.41
74DS5-1 16³32.1P 144³51.0P 6.04 6.73 51.5 8.49
75DS1-2 16³24 4P 144³51.2P 5.73 6.30 51.2 8.64
18DS1-3 16³10.6P 144³47.4P 5.95 6.46 51.5 7.97
79DS2-1 16³04.8P 144³47.5P 6.03 (0.05) 7.48 50.9 8.23
80DS5-1 15³45.1P 144³45.0P 5.92 4.58 53.8 8.54
88DS1-1 15³17.8P 144³31.0P 5.98 6.40 51.3 8.3
88DS1-4 15³17.8P 144³31.0P 5.74 6.26 50.4 7.94
86DS4-2 15³05.2P 144³29.8P 5.71 5.29 50.8 8.06
86DSTYPE6 15³05.2P 144³29.8P 5.93 6.44 51.6 8.78
84DS3-1 15³00.0P 144³27.1P 5.84 7.74 51.3 8.20
aAnalysed by laser-£uorination. See text for details. Numbers in parentheses are S.D. of replicate analyses.
bData are from [27].

EPSL 5362 18-2-00

C.G. Macpherson et al. / Earth and Planetary Science Letters 176 (2000) 171^183174



indicated by TiO2(8.0) (Fig. 4). Similar relation-
ships in the Lau back-arc basin [11] and several
island arcs [24] have been attributed to subduc-
tion processes occurring in the mantle wedge. One
such mechanism is a high £ux of slab-derived,
18O-rich £uid to induce melting in residual peri-
dotite. Alternatively, enhanced orthopyroxene
melting in residual peridotite may modify the de-
gree of isotopic partitioning between the melt and
residue [11]. Therefore, it seems more likely that
the restricted oxygen isotope variation in these
basaltic glasses re£ects the N18O range of the man-
tle beneath the Mariana Trough.

In summary, oxygen isotope ratios that are sim-
ilar to or higher than MORB are associated with
MORB-like He isotope ratios in the southern
Mariana Trough glasses (Fig. 3). Since subduc-
tion zone mantle is characterised by MORB-like
3He/4He ratios [27,28] and the high N18O glasses
are HFSE-depleted (Fig. 4), we conclude that sub-
duction zone processes impose high oxygen iso-
tope ratios on back-arc basin lavas in the south-
ern Mariana Trough. As in the case of the Lau
Basin, in¢ltration of depleted mantle wedge, pos-
sessing MORB-like N18O, by £uids released from
subducted oceanic crust appears to be responsible

for this signature [11]. The range of N18O values in
southern Mariana Trough glasses is consistent
with interaction between this subduction-modi¢ed
mantle and MORB source material in the mantle
wedge [21,29].

3.2. Manus Basin

Oxygen isotope ratios of the Manus Basin
glasses are considerably more variable than the
Mariana Trough glasses, ranging from +5.28x
to +6.68x (Table 2). The highest value is found
in one of the most evolved specimens (41-1),
which has very low TiO2 with respect to more
ma¢c, basaltic glasses (Fig. 1), suggesting the
high N18O of this glass probably results from
FeTi-oxide crystallisation [11,30]. Although high-
er N18O values are more frequent among glasses
with higher SiO2 and lower MgO (Table 2), there
is no clear correlation between N18O and mag-
matic di¡erentiation, either in the suite as a whole
or, notably, within the di¡erent petrogenetic
groups (Fig. 2). Excluding specimen 41-1, the re-

Fig. 4. Calculated TiO2 content at 8 wt% MgO (TiO2(8.0))
versus mean N18O for various Manus Basin rock series and
Mariana Trough dredge sites. Data for Central Lau Basin
glasses [11] are shown for comparison. As an incompatible
element, Ti will be preferentially removed from peridotite
during melting. Subsequent melting of this, now depleted,
peridotite will yield melts with lower Ti contents. Normalis-
ing to a MgO concentration of 8.0 wt% eliminates fractional
crystallisation e¡ects when comparing the Ti contents of dif-
ferent lavas. Higher oxygen isotope ratios are associated with
more residual sources (lower TiO2(8.0)) re£ecting higher £uid
£ux or melting e¡ects [11].

Fig. 3. Plot of oxygen and helium isotope ratios in basalt
and basaltic andesite glasses from the Manus Basin and Ma-
riana Trough (SiO2 6 55 wt%). The N18O of Manus Basin
Arc-type lavas is the mean for all arc-type lavas from the
East Manus Rift (in Table 2) and the 3He/4He is the mean
for uncontaminated lavas and hydrothermal £uids from the
East Manus Rifts [19,63]. The range of MORB [2,3] is
shown for comparison. Mariana Trough 3He/4He data are
from [27].
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mainder of the N18O range occurs in glasses of
basaltic and basaltic andesite composition and,
as such, is too large to be generated by crystalli-
sation of a typical basaltic phenocryst assemblage
[30]. These facts suggest that di¡erentiation pro-
cesses are not the major control on the variation
in oxygen isotope ratios. In addition, there is no
tendency towards either higher or lower oxygen
isotope ratios in glasses displaying 3He/4He ratios
lower than typical MORB (8 RA), an attribute
thought to result from interaction with older arc
crust bordering the active rift basin ([19] ; Table
2). Therefore, we conclude that the oxygen iso-

tope ratios in Manus Basin glasses accurately re-
£ect the range of N18O values present in the man-
tle beneath the Bismarck Sea.

In addition to being more variable than the
Mariana Trough dataset, the basic Manus Basin
glasses have lower N18O values at similar MgO
contents (Fig. 2), suggesting that their generation
may involve a 18O-depleted component. This sug-
gestion is supported by the relationships of oxy-
gen isotopes to both HFSE depletion and 3He/
4He ratios. As with the Mariana and Lau back-
arc suites, N18O values in Manus Basin glasses
increase with HFSE depletion (Fig. 4) but the

Table 2
Oxygen isotope data for Manus Basin glasses

Glass ID and petrogenetic typea Latitude south Longitude east N18Ob MgO SiO2
3He/4Hec

(x) (wt%) (wt%) (R/RA)

MORB
23-2 3³52.4P 149³58.0P 5.28 (0.06) 8.84 48.6 15.14
32-5 3³25.2P 149³00.9P 5.48 7.89 50.3 13.48
33-3 3³31.7P 149³28.7P 5.53 (0.11) 7.35 51.4 12.74
36-2 3³26.8P 149³57.8P 5.76 8.45 51.0 11.65
38-3 3³19.9P 150³04.9P 5.51 6.66 51.5 12.71
39-1 3³17.4P 150³07.7P 5.37 6.99 51.1 12.68
41-1 3³12.0P 150³12.5P 6.68 (0.01) 0.57 67.6 0.79
42-1 3³09.6P 150³17.1P 5.68 5.78 51.9 11.75
43-1 3³08.0P 150³19.3P 5.80 4.70 52.2 11.84
44-1 3³05.2P 150³23.7P 5.69 6.89 51.3 12.05
45-1 3³03.9P 150³27.3P 5.50 (0.06) 6.38 51.6 12.56
45-3 3³03.9P 150³27.3P 5.85 0.39 65.7 12.65
46-2 3³02.0P 150³30.4P 5.47 (0.07) 2.77 53.0 0.67
47-1 3³04.6P 150³33.8P 5.53 (0.01) 5.47 51.1 12.25
BABB
19-12 3³45.1P 151³09.5P 6.14 4.80 53.6 3.42
21-2 3³50.4P 150³30.1P 5.93 6.39 51.6 8.83
28-1 3³39.4P 149³40.4P 5.75 (0.14) 6.80 51.0 11.98
31-8 3³30.1P 149³15.5P 5.67 (0.02) 8.25 50.3 8.87
33-1 3³31.7P 149³28.7P 5.82 4.15 53.3 12.12
33-2 3³31.7P 149³28.7P 5.58 4.15 53.3 0.92
34-1 3³36.4P 149³43.9P 5.53 (0.07) 7.19 51.2 12.05
41-3 3³12.0P 150³12.5P 5.72 6.25 52.0 11.58
X-BABB
36-4 3³26.8P 149³57.8P 5.91 5.05 56.1 2.72
24-9 3³32.7P 149³51.4P 6.05 3.63 58.0 8.75
Arc
14-5 3³42.9P 152³10.4P 6.03 (0.05) 1.79 62.3 1.02
16-14 3³42.1P 151³52.4P 5.99 5.50 54.8
17-1 3³44.4P 151³38.8P 5.97 (0.08) 1.68 63.5 0.61
aPetrogenetic types from [23]. See text for further details.
bAnalysed by laser-£uorination. See text for details. Numbers in parentheses are S.D. of replicate analyses.
cData from [19] except 41-1, 45-3, 36-4, 24-9, 14-5 and 17-1, which are new data obtained through the same methods employed
in [19].
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slope of the negative relationship is steeper, sug-
gesting the more fertile component in their source
has a N18O value that is lower than the upper
mantle source supplying the other two basins.
These 18O-depleted glasses also possess elevated
helium isotope ratios (s 11.5 RA), signifying a
strong input from a mantle plume (Table 2). A
negative relationship exists between N18O and
3He/4He in basaltic and basaltic andesite glasses
(Fig. 3) and is opposite to trends generated during
interaction between basaltic melts and hydro-
thermally altered crust [12^14]. This is further
evidence against the development of low N18O val-
ues during magmatic di¡erentiation but suggests
that low N18O values (6+5.4x) are an intrinsic
feature of melt derived from the Manus Basin
plume.

Low primary, magmatic N18O values have pre-
viously been postulated for other regions erupting
high 3He/4He basalts such as Hawaii and Iceland
[3,6,7,15] and the Manus Basin data strengthen
the case for this association. Furthermore, high
3He/4He ratios are widely acknowledged to repre-
sent upwelling from a source located below the
upper mantle; either within the lower mantle or
from the core^mantle boundary (CMB)
[12,19,31]. In Fig. 3, the low 3He/4He end of the
Manus Basin array converges with the Mariana
Trough suite at high N18O and MORB-like 3He/
4He. Therefore, we interpret the negative vector
described by the Manus Basin oxygen and helium
isotope data (Fig. 3) to re£ect the interaction be-
tween upper mantle in which N18O has been ele-
vated by recent subduction and a component with
low N18O and high 3He/4He derived from the
Manus Basin plume.

4. Discussion

To a ¢rst approximation, the combined oxygen
and helium isotopic characteristics of back-arc ba-
sin glasses from the Manus Basin and Mariana
Trough are controlled by the interaction between
two components. In both basins, subduction zone
processes have produced one end-member with
3He/4He similar to the upper mantle and N18O
values that are elevated with respect to MORB.

In the Mariana Trough, the second source com-
ponent is indistinguishable from the source of
MORB. The interaction between these compo-
nents beneath the Mariana Trough is similar to
that envisaged for the Lau Basin [11] and for sev-
eral other island arcs [24].

In the Manus Basin, the second component is
characterised by relatively low 18O/16O. Elevated
3He/4He ratios associated with this component
suggest it is derived, at least in part, from a
deep-seated mantle plume. Signi¢cantly, the parts
of the Manus Basin displaying high 3He/4He ra-
tios overly an area of seismically anomalous man-
tle in DQ [32]. There appears to be a signi¢cant
correlation between the presence of material with
anomalously low seismic velocities in the DQ layer
and the location of hot spots at the Earth's sur-
face [33]. This has strengthened the case for DQ
playing a signi¢cant role in the origin of, at least
some, mantle plumes, a notion consistent with the
large thermal and density gradients that are main-
tained across the layer [34,35]. Distinctive seismic
properties in DQ may re£ect compositional or
structural contrasts with the rest of the lower
mantle resulting from accumulation of subducted
lithosphere [36^38]. Alternatively, the anomalous
seismic characteristics of DQ may represent the
presence of a signi¢cant volume of material de-
rived from the core itself [39^41]. The remainder
of this paper will address the origin and location
of the 18O-depleted reservoir associated with the
Manus Basin plume.

4.1. Generation of an 18O-depleted reservoir

Oceanic crust that has been hydrothermally al-
tered at temperatures above 250³C is the most
voluminous reservoir of 18O-depleted silicate
that has been identi¢ed to date [9,10]. Low N18O
eclogite nodules have been found in kimberlites
but these probably represent disrupted fragments
of the hydrothermally altered segments of ancient
subducted oceanic lithosphere [42^44]. Therefore,
subducted oceanic crust provides a possible 18O-
depleted silicate reservoir in the mantle. Seismic
tomography indicates that oceanic lithosphere is
subducted as far as the CMB so this reservoir
should be accessible to upwelling plumes through-
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out the entire depth of the mantle ([45] and refer-
ences therein).

Incorporation of deeply recycled oceanic litho-
sphere by a mantle plume has recently been
advocated to explain low (and high) N18O values
of lavas from the Hawaiian Islands [15]. The
amount of subducted crust required to generate
the 18O/16O range of Manus Basin glasses can
be estimated from the di¡erence between the low-
est N18O value that is observed in a glass
(+5.28x) and the value assumed to represent
the upper mantle in the Manus Basin. To make
this calculation, we assume that the N18O value of
hydrothermally altered oceanic crust is +4x [10]
and that the Manus Basin upper mantle is similar
to the MORB source, i.e. would produce basaltic
melts with N18O of +5.8x. For these conditions,
the plume contribution required to generate the
range of oxygen isotope ratios in Manus Basin
glasses varies from 0% to 30%. The maximum
contribution increases to 35% if the Manus Basin
upper mantle is composed of subduction-modi¢ed
peridotite with more elevated N18O (e.g. 6x) but
will decrease if the N18O value of recycled crust is
lower than 4x.

An alternative mechanism for generating a low
N18O reservoir is through reaction between silicate
mantle and the Earth's core. The density of the
core requires it to be an alloy of iron and lighter
elements. Both experimental evidence and ther-
modynamic calculations demonstrate that oxygen
is a highly suitable candidate as a light element in
the core [46^48]. For example, reactions such as:

Mg0:9Fe0:1SiO3 � 0:3Fe �

0:9MgSiO3 � 0:3FeO� 0:1FeSi �1�

result in the formation of oxygen-bearing alloys
[48,49]. Interaction between mantle silicates and
FeO either during or after alloy segregation
have the potential to partition oxygen isotopes.
The contrasting nature of oxygen accommodation
in silicate and oxide lattices results in relatively
large isotopic fractionation factors between these
phases, even at elevated temperatures [50,51].
Therefore, oxygen isotope fractionation may
have occurred during the di¡erentiation of the

core. If partitioning remains signi¢cant at the
very high temperatures of the lower mantle then
subsequent iron^silicate reaction at the CMB
could result in continued isotopic exchange be-
tween these reservoirs.

To estimate the isotopic fractionation between
MgFe-perovskite (Mgprv), the major silicate com-
ponent of the lower mantle, and FeO (wu«stite;
wu«), the most likely Fe^O alloy in the outer
core, we employed data from two di¡erent theo-
retical studies. Smyth [50] quanti¢ed the electro-
static potential of oxygen sites in minerals and
used this as a proxy for the various parameters
that control isotopic partitioning, such as co-ordi-
nation number, inter-atomic distance and chemi-
cal environment. Although a quantitative rela-
tionship between electrostatic potential and va3b

(va3b = N18Oa3N18ObW1000lnKa3b, where K is the
isotopic fractionation between phases a and b) has
yet to be established, a good linear correlation
exists with experimental partitioning data [50].
The data of Smyth [50] suggest that oxygen sites
in MgFeprv and olivine (ol) have very similar
electrostatic potentials and, therefore, should par-
tition oxygen isotopes in similar fashion in the
presence of other oxygen-bearing phases. Smyth's
data further suggest that vMgprv3w�u would be 55%
larger than vol3magnetite. We have applied this fact
to the experimentally determined vol3mag of
Chacko [52] to calculate vMgprv3w�u. An alternative
method of calculating isotopic partitioning,
known as the modi¢ed increment method, esti-
mates the relative a¤nities of di¡erent minerals
for 18O and 16O based upon the charge, length
and strength of individual oxygen^cation bonds
comprising a mineral [51,53]. While this approach
produces an internally consistent dataset, there
are some discrepancies with experimentally deter-
mined fractionation factors [54].

Fig. 5 illustrates the magnitudes of 18O^16O
fractionation calculated by the two di¡erent meth-
ods described above. Although there is signi¢cant
divergence at upper mantle temperatures, there is
relatively little di¡erence in the absolute vMgprv3w�u

values inferred for temperatures typical of the
lower mantle and CMB. Isotopic partitioning re-
mains signi¢cant to extremely high temperatures
such that iron alloy will be depleted in 18O with
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respect to co-existing silicate by approximately
0.5x at the CMB (Fig. 5). However, the 18O
depletion of core alloy may be greater than this
value since core segregation was initiated and pro-
gressed over a range of lower pressures and tem-
peratures than exist at the present CMB [49] and
would thus have involved concomitantly larger
isotopic fractionation factors (Fig. 5). Conversely,
the bulk isotopic fractionation between core and
mantle oxygen would be slightly diminished in
magnitude due to the presence of mangesiowu«stite
((Mg,Fe)O) in the lower mantle [47], and the ef-
fects of pressure may diminish the partition of
isotopes at depth [55]. However, the conclusion
that interactions between core alloy and silicate
may generate a signi¢cant 18O-depleted reservoir
within the Earth seems robust. The feasibility of
generating the low N18O signature of high 3He/
4He Manus Basin glasses by this mechanism is
discussed below.

4.2. Implications for the Manus Basin plume

Elevated 3He/4He ratios in the Manus Basin
provide evidence for a contribution derived from
a mantle plume rising from deep within the Earth

[19]. The distinctive oxygen isotope characteristics
associated with this component provide further
constraints on the origin of the mantle plume.
As discussed above, the low oxygen isotopic ratios
of high 3He/4He glasses could be derived from
either (i) recycled oceanic crust, or (ii) a reservoir
generated by core^mantle interaction.

Taking the latter scenario ¢rst, the oxygen res-
ervoir could be either the outer core itself or
might be a region rich in metallic segregations
of the outer core that have percolated into DQ
[41]. The association of low N18O and 3He/4He
would require that a primitive rare gas reservoir
is associated with core alloy, for example, by rare
gas incorporation into the core through the for-
mation of `rare solids' at high pressure [35]. Sub-
sequent sampling of this low N18O^high 3He/4He
material by a mantle plume may be achieved by
several mechanisms involving entrainment of core
material [36,39^41]. However, this mechanism
does encounter mass balance di¤culties. The
magnitude of 18O depletion in core alloy is un-
likely to exceed 1x (Fig. 5). Since the oxygen
content of the outer core is probably 9 10%
[46,49], a core contribution in excess of 10%
would be required to account for the lowest
N18O values observed in Manus Basin glasses.
Such a large input is in con£ict with estimates
for core contributions to other plumes based on
Os isotope systematics [56,57]. An alternative sce-
nario featuring the same basic mechanism may be
that mantle domains retaining more primitive
3He/4He ratios may also retain a `bulk earth' oxy-
gen isotope signature intermediate between de-
pleted mantle (rthe MORB source) and the
18O-depleted core alloy. In this case, the silicate
lower mantle would provide the dominant source
of He and O in the plume component.

If the low 18O/16O signature of Manus Basin
plume lavas results from incorporation of recycled
oceanic crust, the relationship in Fig. 3 requires
that the plume is a composite body. Since mag-
matic helium is largely lost from oceanic litho-
sphere during its formation, the He budget of
ancient oceanic lithosphere should be character-
ised by 3He/4He ratios 6 8 RA, either V0.05
RA for closed system in-growth of radiogenic he-
lium, or V5 RA if a model coupling radiogenic

Fig. 5. Temperature dependent partitioning of oxygen iso-
topes between MgFeprv ((Mg,Fe)SiO3) and wu«stite (FeO)
calculated from Smyth [50] and Zheng [51]. Equivalent tem-
peratures (in K) are indicated on the top axis. Shaded area
represents the range expected in lower mantle based on geo-
therm of Akaogi and Ito [34]. Wu«stite would be signi¢cantly
18O-depleted relative to silicate over this temperature range.
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in-growth with di¡usive equilibration in ambient
(MORB) mantle is valid [58]. Therefore, if the low
oxygen isotopic signature of the Manus Basin
plume results from incorporation of recycled
crust, we can conclude that the He and O isotopic
characteristics re£ect the presence of at least two
components within the plume. The ¢rst is a re-
cycled component possessing N18O and 3He/4He
that are low, with respect to the upper mantle,
due to hydrothermal and radiogenic processes,
respectively. A second more primitive, or less de-
gassed, reservoir in the lower mantle or at the
CMB imparts high 3He/4He to the composite
plume [19,31]. In this scenario, the 18O/16O of
the primitive reservoir cannot be constrained but
is probably similar to or lower than MORB, as
discussed above. The helium isotope ratio of the
primitive reservoir is constrained to be greater
than, or equal to, the highest 3He/4He measured
in any of the glasses (15 RA). Entrainment of
subducted oceanic lithosphere by an upwelling
mantle plume provides the most e¤cient mecha-
nism to develop this dual provenance. Since sub-
ducted lithosphere can penetrate to the CMB
[36,45], the recycled component may become en-
trained by the plume at the depth where upwelling
is initiated or at any shallower level. The upwell-
ing may be initiated at the very base of the mantle
and incorporate He from the CMB or may occur
at higher levels, in which case the lower mantle
would act as the primitive He reservoir [19,31,35].
In the limiting case, the recycled crust may be
derived from the Solomon Plate that is being ac-
tively subducted at the New Britain Trench.

A composite plume model requires that the dis-
tinctive geochemical signature of hydrothermally
altered oceanic crust, i.e. a layer approximately
4 km thick, can retain its chemically distinct
identity in the mantle from the time of its sub-
duction until incorporation into the upwelling
plume [15]. Substantial periods (v2 Ga) are re-
quired to generate the HIMU Pb isotope signa-
ture of some OIB, which is most obviously man-
ifested as high 206Pb/204Pb and has been attributed
to recycling of oceanic lithosphere ([59] and refer-
ences therein). Manus Basin glasses that possess a
minimal subduction zone signature and the high-
est 3He/4He have relatively low 206Pb/204Pb [60],

suggesting any recycled component in the Manus
plume is relatively young [61]. This would also be
consistent with the dominance of the primitive
helium component in the 3He/4He ratio of the
composite plume since insu¤cient time would
have elapsed to generate a large 4He inventory
in the recycled component [62]. It should be noted
that recycling of oceanic crust may also impart
N18O values higher than MORB if the upper por-
tions, altered at 6 250³C, are preferentially
sampled [15]. Mixtures of high and low temper-
ature alteration products could yield plumes with
intermediate N18O values close to MORB.

On the basis of current knowledge, a stronger
case can be made for the 18O-depleted component
in the Manus Basin plume being derived from
subducted oceanic crust. However, further inves-
tigation into the processes in£uencing partitioning
of oxygen between silicate and core alloy is clearly
necessary in order to determine the probability of
generating isotopically distinct reservoirs during
core formation or subsequent core^mantle inter-
action. Additionally, further work comparing
oxygen isotope ratios of plume-related magma-
tism with other geochemical parameters that
may be sensitive to contributions from the core,
e.g. elevated 186Os/188Os [57], may also provide
quantitative constraints on the chemical processes
associated with the CMB and the origin of mantle
plumes.

5. Summary

Oxygen isotope ratios of back-arc basin lavas
from the Mariana Trough and the Manus Basin
display contrasting systematics. The Mariana
Trough suite resembles basalts from the Lau Ba-
sin [11]. In both cases, basaltic glasses have N18O
values that range from 5.7 to 6.0x and that are
negatively correlated with the degree of HFSE
depletion. Therefore, the Mariana Trough glasses
con¢rm the earlier observation that basaltic melts
in subduction zones have elevated oxygen isotope
ratios [11]. Combined oxygen and helium isotope
ratios of the Mariana Trough glasses are consis-
tent with their derivation from sources restricted
to the upper mantle.
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Oxygen isotope ratios also correlate negatively
with HFSE depletion in Manus Basin glasses. The
most HFSE-depleted glasses have N18O values of
6.0x and helium isotope ratios of these glasses
are consistent with a source in the upper mantle.
However, the least HFSE-depleted glasses from
the Manus Basin have N18O values that are low
with respect to MORB and non-HFSE-depleted
glasses from the Mariana Trough and Lau Basin.
Furthermore, these low N18O glasses possess 3He/
4He ratios up to 15 RA, suggesting that the low
N18O reservoir is associated with the Manus Basin
plume. Two possible origins for low N18O material
have been identi¢ed. One is incorporation of sub-
ducted oceanic crust that may be either (i) ancient
and residing in the deep mantle, or (ii) may be
recently subducted crust of the Solomon Sea
Plate. Alternatively, reactions between silicate
and iron^oxygen alloy during di¡erentiation of
the core, and subsequent core^mantle interaction,
may have established domains within the Earth
that possess distinctive 18O/16O ratios that are
low relative to the source of MORB.
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