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ABSTRACT

Geochemical investigations of mantle heterogeneity aplsanby ocean island basalts
(OIB) have long relied on isotopic analyses of whole lagks. However, recent work has
shown that significant isotopic disequilibrium can exstween the phases (groundmass and
phenocrysts) of a single OIB lava. In this study, wgdtindividual olivine hosted melt
inclusions from two lavas-one Samoan and one Hawaiiawith melt inclusiorf’SrfeSr
heterogeneity previously observed using laser ablation inélgttoupled plasma mass
spectrometryl(A-ICP-MS). We report’SrFSr and**3Nd/A*Nd in individual melt inclusions
using thermal ionization mass spectrometry (TIMSmkilt inclusions from Samoan sample
AVON3-71-2, we find highly heterogeneous (935 pSfsy£°Sr (0.705193- 0.705853, N=6),
consistent with previously identifiédSrf°Sr heterogeneity (~2030 ppm) by laser ablation multi-

collector ICPMS (0.70459- 0.70602N=12). In contrast, we find very little (251 ppAiBrrSr
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heterogeneity (0.7037610.703938, N=9) in olivine hosted melt inclusions of a Hawas@oria
from the Puu Wahi eruption (Mauna Lo®ahich contrasts with a prior observation which used
laser ablation single-collector IORS and found highly heterogeneous (~8500 ppi&)~°eSrin
olivine-hosted melt inclusions from the same eruption (0. 72027081, N=13Y. In both the
AVON3-71-2 and Puu Wahi melt inclusions, t#&Nd/*Nd is indistinguishable from their
respective whole rock®Nd/A4“Nd. The isotopic measurements on the melt inclusions @expa
with major and trace element concentrations to invastithe mechanisms generatfigrfeSr
variability in melt inclusions. The lack of significatiSrf°Sr variability in the Hawaiian melt
inclusions (only 251 ppm) from Puu Wahi does not require exoticsmerces or magma mixing
models. In contrast, for the Samoan melt inclusionspresent evidence that supports the
mixing of isotopically-heterogeneous mantle-derived meltomjunction with brine interaction
as the mechanism generating the obset@fSr and trace element variability in the melt

inclusions from AVON3-71-2.

K eywords. Melt inclusions&’Srf8Sr, 143Nd/A*Nd, Mantle Geochemistry, TIMS
1. INTRODUCTION

Geochemical studies have dominantly relied on analysesag-rock lavas to infer the
composition of the mantle beneath ocean island btdgp.g., Gast et al., 1964; Hofmann and
White, 1982; White, 1985; Zindler and Hart, 1986; Sun and McDonough, Ca88pn, 1994;
Hofmann, 1997; White, 2010; 204532015b; Stracke, 2016). However, small blebs of melt
trapped in growing magmatic phenocrysts at deptiferred to as melt inclusionshave been
shown to host extreme geochemical heterogeneity that @served in analyses of individual
whole-rock lavas. Melt inclusions from a single lava bast heterogeneous Pb (e.g., Saal et al.,

1998, 2005; Yurimoto et al., 200Mtaclennan, 2008; Sakyi et al., 2012; Borisova et al., 2014;



Cabral et al., 2014; Rose-Koga et al., 2012, 2@hd Sr (Jackson and Hart, 2006; Harlou et al.,
2009; Sobolev et al., 2011) isotopic compositions that span ofubke variability observed in
oceanic lavas globallDespite their volumetrically minor contribution to theaidhrock lava,
the isotopic diversity preserved in melt inclusions pitesiimportant information about mantle
melting and the processes that operate in magma chambersrigin of the chemical and
isotopic diversity in melt inclusions remains the sourcdetiate, but has most often been
attributed to either assimilation of oceanic crust or mixingatopically heterogeneous pristine
mantle meltge.g., Sobolev and Shimizu, 1993; Gurenko and Chaussidon, 1995;tkeént e
1999; Sobolev et al., 2000; Lassiter et al., 2002; Maclenndn 20@3a, 2003b; Danyushevsky
et al., 2003, 200450bolev et al., 2091

Only a handful of studies have examined Sr isotopic corposiof olivine hosted melt
inclusions from ocean island basalt (OIB) lavas. JacksdrHart (2006) were the first to target
individual olivine-hosted melt inclusions for Sr isotopm@dysis, utilizing laser ablation multi-
collector inductively coupled plasma mass spectrometriyiS) to analyze melt inclusions
from Samoan picrites. Jackson and Hart (2006) f&®&dP®Sr variability within olivine-hosted
melt inclusions from a single basalt as large as 340Q myhich is 13% of the total range
observed in the lavas from the ocean basins (i.e., 0[Bdllling et al., 1994; Fontignie and
Schilling, 1996] to 0.728[Jackson et al., 2007]J his result was reinforced by the work of
Harlou et al. (2009), who employed micro-milling, traditionaluenn chemistry (to separate Sr),
and thermal ionization mass spectrometry (TIMS) to aeallye®’SrfSr of individual olivine-
hosted melt inclusions. Harlou et al. (2009) found even gr&Re°°Sr heterogeneity (>6000
ppm) than Jackson and Hart (20@6plivine-hosted melt inclusions from an Icelandic lava. A
more recent laser ablation single-collector IKAB-study (Sobolev et al., 2011) reported

remarkablé’Srf°Sr variability (0.7021 to 0.7081, or ~8500 ppm) in olivine-hosted melt



inclusions from a single olivingeh scoriathe “Puu Wahi” eruption) from Mauna Loa, Hawaii.
These studies collectively appear to demonstrate thathaisalt Sr isotopic heterogeneity exists
within olivine-hosted melt inclusion populations in OB several localities, and that whole-
rock 8’Srf8Sr analyses do not accurately capture the full isotopic vétjabilthe melts that
contribute to the geochemical signature of a basalt.

Complementary studies have shown that intra-lava@opic variability also exists in
other phases in MORB (Bryce and DePaolo, 2004) and OIB.mo&alavas significant
isotopic disequilibrium has been observed between whole sstkslinopyroxene separates (as
large as ~3100 ppm f8fSrfSr and 160 ppm for**Nd/A4*Nd; [Jackson et al., 2009]). More
recently Reinhard et al. (2016) obser$&sr£°Sr disequilibrium between aggregated olivines
and host whole rocks as large as 1947 ppm (in Samoan lava 3\8&M), confirming Jackson
and Hart’s (2006) observation that melt inclusions hosted in olivines are not always in isotopic
equilibrium with the host lava. In summary, therewerwhelming evidence for radiogenic
isotopic variability preserved in the various componenisdgyroxene, olivine, melt inclusions)
hosted in fresh, young OIB lavddowever, the mechanisms generating $nésotopic
disequilibrium remain poorly understoochdthree studies reportifgSr£Sr heterogeneity in
melt inclusions (Jackson and Hart, 2006; Harlou et al., 2008I&oet al., 2011) provide no
consensus on the mechanisms responsible for the vayiabili

More recently, Koornneef et al. (2015) utilized high priecissotopic analyses by TIMS
in individual olivine hosted melt inclusions from Italiandd¢ene- Quaternary lavas and found
significant®’SrfeSr and***Nd/A*Nd heterogeneity within melt inclusion populations from single
lavas. Some of the melt inclusions analyzed by Kooffrete&l. (2015) were trapped at sub-
crustal depths and the isotopic disequilibrium observedribwttd to mantle heterogeneity.

However, in some of the melt inclusions studied the orifisatopic heterogeneity is uncertain



because the lavas examined were trapped within the continergglroaking it difficult to
distinguish between different mechanismsagma mixing versusontinental crust
assimilatior—that might generate radiogenic isotopic variability inltheas and the melt
inclusions they host (Koornneef et al., 2015).

Analyzing melt inclusions from OIB eliminates the possibilitgt a magma has
assimilated continental crust (but not oceanic crust), whighiaidonstraining the origin of the
isotopic variability in olivine hosted melt inclusions (hase oceanic crust is both thinner and
less enriched in incompatible trace elemertigre we present the firdtSr£°Sr and**3Nd/ 4Nd
measurements by TIMS, paired with majoace, and volatile-element analyses, from individual
olivine hosted melt inclusions eruptattwo oceanic hotspat$ his study targets olivine-hosted
melt inclusions from one Hawainscoria (Sobolev et al., 20)Lland one from Samoan lava
(Jackson and Hart, 2006), both of which were targeted for Sipiscanalyses on olivine-hosted
melt inclusions by laser ablation IQWS in prior studiesWe use a different analytical
approach—wet chemistry and isotopic analysis by TIMSsee Koornneef et al., 2015) to obtain
precise Sr isotopic data on melt inclusions from timeeskavas; an important advantage of the
TIMS analytical technique is that it does not suffer fribwe same uncertainties in correcting for
isobaric interferences (e.g. kb, Ca dimerspslaser ablation-ICP-MS techniques (Vroon et al.,
2008) By pairing the TIMS Sr isotopic data with Nd isotopic anadyaed major, trace, and
volatile element data on the same melt inclusionssthdy provides new constraints on the

origin of 8’Srf°Sr variability in olivine-hosted melt inclusions in oo@&hotspot lavas

2.METHODS

2.1. Sample selection



The samples-AVON3-71-2 from Vailulu’u seamount in Samoa (Jackson and Hart,
2006), and an olivine-rich scoria from the Puu Wahi eruptioMauna Loa, Hawaii (Sobolev et
al., 2011) (see Fig. Bwere chosen for this study based on prior observatibfS*eSr
heterogeneity within their olivine-hosted melt inclusiopplations Additionally, each of these
samples contain abundant olivines that host large (>&§)0nelt inclusions.
2.1.1. Vailulu’u sample AVON3-71-2. This sample is a deeply dredged picfibm Vailulu’u
(the active location of the Samoan hotspot) thatkas extensively characterized
geochemically, including whole-rock major- and trace-el@graencentrations’SrfeSr,
43NN, 2%2PbP%Pb, 20 PbP%Pb, 2°%PbPoPh, 17eHf/1 T HE, and®’0st80s (Workman et al.,
2004; Salters et al., 2011; Jackson and Shirey, 2011). Additiormaljgy, trace, and volatile-
element concentrations were measured in glass (Worktran 2006; Kendrick et al., 2015),
87SrPeSrwas measured in individual melt inclusions via laser aisiatiulti-collector ICP-MS
(Jackson and Hart, 2006), '80 and®He/*He were reported in olivines (Workman et al., 2004;
2008),8'Srf8Sr and**Nd/A*4Nd isotopic ratios were measured in clinopyroxene separates
(Jackson et al., 2009), a”tBrPSr was measured on bulk olivine separates (Reinhard et al.,
2016).
2.1.2. Puu Wahi. Puu Wahi is a line of scoria cones on the NE rifezohMauna Loa
(Lockwood et al., 19950livine-hosted melt inclusions in scoria have the advaragaving
been rapidly cooled, resulting in glass melt inclusidrge material sampled is a reticulite scoria
hosting abundant euhedral olivines (referred to hereafter as the “Puu Wahi” sample), and
material from this flow has been analyzed for majocey@and select volatile-element (S and ClI)
concentrations’SrE%Sr, 29/PpPO%Ph, andt*®PbP%Pb isotopic ratios in olivine-hosted melt
inclusions (Sobolev et al., 2011). In the same study, redgonent concentrations in the glass

matrix and host olivines, trace-element concentratiand®’Srf°Srin Puu Wahi matrix glass



were reported. Olivines from Puu Wahi were also used forremestal testing of H diffusion
rates in olivine by Gaetani et al. (2012), and a later stuehsored major element and volatile
(H20, CO, and S) concentrations in olivine-hosted melt inclusfoor® the Puu Wahi scoria
(Wallace et al., 2015).
2.2. Sample Preparation

Sample AVON3-71-2 was crushed using a rock hammer then siewe béines were
handpicked under a binocular microscope. The Puu Wahi sasrglkess rich, and adhering glass
had to be removed from the olivines prior to sample preparatiwmrefore, the Puu Wahi
olivines, but not the AVON3-71-2 olivines, were leached in 2Nfé6tFL0 min at 25°C, then
rinsed three times in milli-Q water, then leached incemtrated HN@for 15 min at 25°C, then
rinsed again three times in milli-Q water to remove dfleathg matrix glass. Olivines that
hosted large (>85 pm) melt inclusions were selected frersamoan (AVON3-71-2, N=10
melt inclusions) and the Hawaiian (Puu Wahi, NH&a@as. The selected olivines hosting large
melt inclusions were inspected under binocular microscopestare that there was no remaining
matrix glass or basaltic groundmass. Because someeadihost more than one melt inclusion,
some of the selected olivines hosting melt incluswese then cut with a diamond wire saw
(150 pmdiameter wire) to isolate the largest melt inclusimmt each olivine grain; remaining
melt inclusions hosted in the same olivine grain hgdtie largest melt inclusion were removed
by mounting the olivine in Crystalbof#i and grinding the melt inclusions with silicon carbide
abrasive paper (See Fig. 2 for graphic of melt inclusioatism). Most grains required polishing
in multiple orientations to remove visible melt inclusiorigrough this process, all visible
groundmass and/or surface alteration was also removedtieoiivines by making strategic
cuts with the diamond wire saw and by grinding with silicomickr (Fig. 2). This method can

require 4 to 6 days to isolate a single large melt inclusion froatiane phenocryst (images of



isolated melt inclusions are shown in Fig. S1). Themdis were then removed from their
mounts, sonicated in acetone for 15 min to remove anyiadh@rystalbond™, leached in 6N
HCl at 25°C for 10 min, and then rinsed three times in Qilli-e., 18.2 MQ) water.

While the Puu Wahi melt inclusions were dominantly glassy (@ntselt inclusions
required homogenization), all inclusions from AVON3-71-2 waestalline and necessitated
homogenization. Following isolation of melt inclusionsdoyting and polishingglivine
fragments hosting a single large melt inclusion wemadgenized using a Vernadsky-type
heating stage under a microscope at the Laboratoire Maginvadcans at the Université
Clermont Auvergne in Clermont-Ferrand, France, follgntime procedure detailed by Le Voyer
et al. (2008). Crystalline melt inclusions were bathed iruhetiuring homogenization at 1 atm
and the oxygen fugacity was kept betweer®ldhd 16 atm. Temperatures of homogenization
(where applicable) can be found in Table S1. Samplesquereched after homogenization to
avoid recrystallization of the melt inclusions. Saagathat burst or cracked during
homogenization were discarded and are not considered isttiily (note that three melt
inclusions from AVON3-71-2 did not fully homogenize, therefaeedo not discuss their major
or trace element concentrations, but we do presehtlisnuss their Sr and Nd isotopic
compositions). The resultant glassy melt inclusions wese exposed by careful grinding and
polishing, pressed into an indium mount, re-polished ugipgm alumina paste, ultra-sonicated
in ethanol (10minuteg and then distilled water (10 minutes) before major arwktedement
analysis.

Unlike Harlou et al. (2009), who separated the melt inclusions thenhost olivine by
micro-drilling, this study does not separate melt inclusioms fthe olivine. This is because Sr
and Nd are highly incompatible in the olivine lattice (Fujimetkal., 1984; Beattie et al., 1994)

and therefore the Sr and Nd budgets of the olivines arendted by the melt inclusions



(Koornneef et al., 20)50f course it is not possible to avoid micro-inclusions durimgpda
preparation, but their influence on the Sr (or Nd) isotopmomosition of the target melt

inclusion will be minimal. For example, tR&rF°Sr ofa 150-micron diameter melt inclusion
with 87Srf8Sr of 0.7050 and 300 ppm Sr would be perturbed by only 0.22 ppm if er6mmi
diameter melt inclusion witffSrf°Sr of 0.7092 (seawater composition) and a Sr concentration
of 300 ppm were inadvertently included in the same olivine threagtple preparation and

digestion.

2.3. Major and Trace Element Analyses

Major-elementCl and S concentratiores the melt inclusions, and major element
concentrations of the olivines, were carried out using #raéca SX100 electron microprobe
hosted at the Laboratoire Magmas et Volcans followiregmethod described by Le Voyer et al.
(2008). A focused electron beam with 15kV accelerating voladgel5nA current was used for
analyses of host olivieFor analyses of melt inclusions, an electron beanmcdséal to 5 um
with 15kV accelerating voltage and 8nA current was used. Anaby&lsV519-4-1 (Melson et
al, 2002) and KL2-G (Jochum et al., 20®&re performed throughout the major element
analytical session to monitor for instrument drift ancadpiality, and several standards were
analyzed during the Cl and S analytical session (including ALVB19see Table S2)
Reproducibility for basaltic glass reference material ALVB19 was<2% (2 RSD) for SiQ,
Al203, MgO, and CaO, <3% for T&)<5% for FeO and N#D, <23% for KO, <39% for MnO,
and <68% for FOs. Reproducibility is calculated based on repeat analyses dfibagologic
reference glasses during the same analytical sesdiand S were measured 5 times
consecutively in each melt inclusion and standard usingsac4®le, and errors are based on the

reproducibility of these consecutive analyses.



Data for melt inclusions, olivines, and geologic referemegerials can be found in
TablesS1, S2, S3, and SMajor-element data were corrected for the crystallragf olivine
by adding or subtracting equilibrium olivine to the metlusions in 0.1% increments until the
melt inclusion is in equilibrium with the host olivin€alculation of equilibrium olivine assumed
the olivine-melt k of 0.3£0.03 (Roeder and Emslie, 1970; Ford et al., 1888 assumed that
10% of the total iron in the melt &sFe**. These olivine-corrected values are reported in Table
S5 Unless stated otherwise, all melt inclusion major (aacktrsee below) element
compositions discussed in the text have been correat@diviine fractionation or additian

Trace element concentrations were measured asiingrmo Scientific ElemerR
ICP-MS coupled to a Resonetics M-50E 193nm ArF excimer laser houtaeth@tatoire
Magmas et Volcandg'he method followed those outlined in Oulton et al. (2016), gatme
minor differences as described here. Intensities wamaalzed to**Ca as the internal standard.
Before all analyses, each spot underwent pre-ablatiohdat 10 Hz repetition rate to remove
surface contamination. Analyses of melt inclusions andogeéoiteference materials used a 20
pmspot, and had a repetition rate of 2 Hz with a 50 second timvel(100 shots per spot); the
resulting laser pits were approximately 15 um dééye accelerating voltage was scanned
between magnet jumps to monitor the peak positionsfdlleeving masses were analyzed for
the target elementti, ‘Li, “*Ca,*Ti, °°Co,2°Rb, 88Sr, 8%y, 997y, 93NDb, 13'Ba, 139 a, 14Ce, 14Nd,
147Sm,1°'Gd, 12 Yb, 2%8Pb,%38U. Analyses were made in low resolution mode using tripldemo
with a 20% mass window and a 20 ms integration window. NIST61@n@weet al., 2008) and
BCR-2 (Jochum et al., 2006) glass were used as standards totgeherealibration curve.
Trace element concentrations are shown in T&Bland olivine-fractionation corrected trace
element concentrations of the melt inclusions arevehia Table S6 (for the olivine-

fractionation correction, incompatible trace elementeotrations were adjusted by the same
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proportion as incompatible major elements, e.g.)liCo evaluate the precision and accuracy
of analyses, 16 replicate trace-element measurementperoemed on a basaltic glass (sample
GL07-D52-5 is an incompatible trace element enriched glasstie Easter-Salas y Gomez
seamount chain from Kelley et al., 2013) with trace eléroencentrations similar to those in
the Hawaiian melt inclusions from Puu Wahi, but somewhat mepéeted than the incompatible
trace element enriched Samoan melt inclustosa Vailulu’u. The reproducibility of the trace
element concentrations measurethis basaltic glass reference material (see Tablevgg)
better than 6% (2RSD, n=16), except for Pb (8%) and U a0 and 12%, respectively).
The measured concentrations agree with published valueKibay et al. (2013) to better than
6% for most elements (Ti, Sr, Nb, Ba, La, Ce, Nd, Sn), &bd better than 10% for the
remaining elements (see Table S2).

2.4. 875/ and *Nd/***Nd analysis of melt inclusions by TIMS:

Olivines were plucked from the indium mount and thexched in 15N nitric acid for 2
min at 90°C to remove any adhering indium. Samples werelgached in 1N HCI for 15 min at
25°C to remove any remaining surface contamination andiéraed to Teflon beakerSpikes
of #Sr and*°Nd were added to each the olivine sample, for determinafitive total amount of
analyte in the sample. The olivines (and the melt sichs hosted within) were then dissolved in
a 4:1 solution of concentrated HF and concentreifé@s, and placed on a hot plate at 120°C in
capped Teflon beakers for four days. Samples were thahdbign and brought up in
concentratedHNOs. Finally, samples were brought up in 200 pl of 3N HN@d loaded on to
columns for chemical separation of Sr and Nd. Chemicaraépn followed the procedures
detailed in Koornneef et al. (2015).

The separated Sr was then loaded onto degassed Re filaoréf®sA°Sr analyses on

the Thermo Scientifidriton Plus TIMS housed at the Vrije Universiteit (VU) Amsterdé&r
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isotopic and abundance measurements were madelDsifigS with standard 18 Q
amplifiers and a static multi-collection routine (Kapeef et al., 2015). AR'Srf®Sr ratios were
corrected for mass bias relative to an acceff®d®Sr ratio of 0.1194 using an exponential law
Two 200 ng loads of NBS 987 were analyzed during the same anadgssabn had’Srf°Sr
ratios of 0.710236 (= 0.000009, 2SE) and 0.710243 (= 0.000009, 2SES#IST ratios
measured on melt inclusions and geologic reference igtare corrected for the offset
between the preferred NBS 987 value (0.710240; Thirlwall, 1991) aral/¢énage value
measured on NBS 987 during the same analytical session. lifwots of BHVO-2 (146 and
380 ng of Sr) were processed through all steps of the chepaistiyyielded’Srf8Sr ratios of
0.703470 (+ 0.000010, 2SE) and 0.703458 (+ 0.000008, 2SE). Both measured BHVO-2
compositions are within error of the preferred BHVO-2 gadii 0.703471 (£0.000020, 2SD),
following renormalization taa NBS987 value of 0.710240 (Weis et al., 2006). The average
87SrPeSr of AGV-1 (loaded to have ~4 ng Sr) run during the same peried\wa4007
(x0.000029 2SD, n=6), which is within error of the preferred AGV-lieraf 0.703981
(x0.000017 2SD; Weis et al., 2006), followirepormalization to the preferred NBS987 value of
0.710240

Neodymium was loaded onto a degassed Re filameat3féd/A**Nd ratio and Nd
abundance analyses on the Thermo Scientific Triton Plog @§'* Q amplifiers in the feedback
loop (following procedures from Koornneef et al., 2014 and 2005 162 Q amplifiers yield
better signato-noise ratios that enhances the precision of isotomatyses of very small
amounts of Nd (Koornneef et al., 2014; 2015).*AINd/A**Nd ratios were corrected for
instrumental mass bias td“&Nd/A*4Nd ratio of 0.7219 using the exponential law. All
143N d/A4Nd ratios are corrected for the offset between the umedsINdi value (measured

during the same analytical session) and our preferred (@b#2104; Jackson and Carlson
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2012. Three 100 ng JNdi standards were run throughout the anabgissibn using 16Q
amplifiers, and yielded values of 0.512111 (+ 0.000032, 2SE), 0.51215800035, 2SE) and
0.512116 (+ 0.000035 2SE); the averatinid/A*Nd value was used to correct for the offset of
the measured value from the preferred value. AdditioralhQO pg load of the in-house CIGO
standard was run, yielding*®Nd/““Nd value of 0.511357 (+ 0.000034, 2S&hich is within
error of the long-term average of 100 pg CIGO standard lesdat VU using the same
technique (0.511339 +0.000066 2SD, n=7%y019.3 and 23g Nd) aliquots of BHVO-2 were
processed through all steps of te chemistry with the melt inclusions in this studyd
yielded**Nd/*/Nd ratios of 0.512969 (+ 0.0080, 2SE) and 0.512908 (+ 0.000037, 2SE)
these values compare well with the Weis et al. (2006) Br¥2x@lue of 0.512973 (+0.000011
2SD), following the La Jolla to JNdi conversion from Tanekal. (2000) and correcting to a
INdi***Nd/A*Nd value of 0.512104. The averatféNd/***Nd of AGV-1 (loaded to have ~200
pg Nd) run during the same period was 0.512787 (+0.000040 2SD, n=4; nethtalia CIGO
value of 0.511333), which is within error of the preferred Wea.g2006) AGV-1 value of
0.512780 (x0.000013 2SD) following the corrections used above.

Individual Samoan and Hawaiian melt inclusions contained 018.tong of Sr (Table 1
& S7) and 0.06 to 1.07 ng of Nd (Table 1 & SBytal procedural blanks were processed
together with the melt inclusions through all steps ofroolchemistry and mass spectrometry,
and were 72 pg for Sr and 6 pg for Nd. Santpiblank ratios for Sr analyses varied from 11 to
265, and from 10 to 178 for Nd (see Tables S7 & S8). A satofidank threshold was applied
to ensure that samples where blank provided a significant lmotidn to the uncertainty were
not consideredand the following thresholds are employed to reduce uneBrassociated with
the blank correction (see Fig. S2): Only analyses $&itsample/blank ratios greater than 25, and

Nd sample/blank ratios greater than 40, are consider@édimons 3 (Data and Observations) and

13



Section 4 (DiscussionNonetheless, all Sr and Nd isotopic data, including melugnezhs that
have unacceptably low sample/blank ratios, are repart€dbles S7 and S8. Blank corrections
were made using the laboratory bl&i&rfeSr and'**Nd/*/Nd ratios previously determined for
the Sr and Nd chemistry at VU (Koorneef et al., 2015; Knaf.eP017); the total procedural
blank isotopic ratio used for correction is 0.711120 + 0.00005@) for8’Srf°Sr and 0.511856

+0.000090 (n = 3) foF*NdA*Nd.

3. DATA AND OBSERVATIONS

Major elements for the melt inclusions analyzed in $shigly are presented in Fig. 3 (and
Table S1 & S5). Like all Mauna Loa lavas, the 10 olivineted melt inclusions analyzed in this
study are tholeiitic, whereas three melt inclusions fROMON3-71-2 are alkalic and four are
transitional (Fig. 3). The MgO contents of the Puu Wahig-Il4.1 wt %; Table S5) and
AVONS3-71-2 (10.9-16.3 wt %; Table S5) melt inclusions fall withie thnge identified in
previously analyzed Mauna Loa and Vailulu’u lavas, respectively (Fig. 3). With the exception of
one Puu Wahi and one AVON3-71-2 melt inclusion, the melt ifmarhgsfrom both samples have
significantly lower FeQoncentrations than previously analyzed Mauna Loa and Vailulu’u
whole rocks (Fig. 3). The apparent depletion in Fe in rmbgte melt inclusions, due to re-
equilibration between the melt inclusion and the hostri is similar to previous observations
of “Fe-loss’ from olivine-hosted melt inclusions at other localitiPanyushevsky et al., 1992,
2000; Sobolev and Danyushevsky, 1994; Gaetani and Watson, K& 2008).

Following correction for olivine fractionation or addit to be in equilibrium with the
host olivine the primitive mantle (McDonough and Sun, 1p@&rmalized incompatible trace
element patterns of the melt inclusions from AVON3-71-2sardélar to that of the host whole

rock (Fig. 4) The AVON3-71-2 melt inclusions have no clear Sr anomadiiedive to elements
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of similar compatibility. (Sr anomalies are represente8igr*= Sk/(Ndnv*Smn)%>, where N
represents normalization to primitive mantle [McDonougt &an, 1995])In the Puu Wabhi

melt inclusions, trace element concentrations efrtlost incompatible elements are similar to
their host glass. In contrast, the less incompagél@ements (Zr, Sm, Ti, Gd, Y, Tb) tend to have
lower concentrations in the melt inclusions relativlast glass analyzed by Sobolev et al.
(2011), but we do not have an explanation for this observafiee Puu Wahi melt inclusions
show positive Sr anomalies (average Sr/Sr* = 1.37) thajemmerally larger in magnitude than
the host glass (Sr/Sr*= 1.14; Fig. 4).

Figure 5a presents previously-publisi#é8rf®Sr data obtained on various components of
the Samoan lava AVON3-71-2 for comparison with the P&ufeSr reported on melt inclusions
here, and include bulk whole roé#&rf®Sr (0.705943; Workman et al., 2004), laser ablation
multi-collector ICP-MS data from melt inclusions (whichres@reviously found to vary from
0.70459 to 0.70602; Jackson and Hart, 2006), bulk clinopyroxene sep@igiged into two
sub-populations based upon color: green [0.705485] and black [0.703&d&4pn et al., 2009),
and aggregated olivine separates (also sub-divided based upoa oblor: green [0.705404]
and brown [0.705436]; Reinhard et al., 2016). The H{@&xf°®Sr data on individual olivine-
hosted melt inclusions analyzed by TIMS in this study §&5ef°Sr values that range from
0.705193-0.70585@36 ppm variability), which represest4% of the total variability observed
in previously analyzed whole rocks froviailulu’u seamount. Th&Srf°Sr measured in
AVON3-71-2 melt inclusions in this study are consistent wigviously observed values
obtained on a separate suite of melt inclusions analygddckson and Hart (2006) using laser
ablation multi-collector ICRMS, but the new data (0.705193- 0.705853; n=6) span only 46% of
the range of’Srf%Sr values identified in the laser ablation multi-cated CPMS data (0.70459

to 0.70602; n=12)All melt inclusions from AVON3-71-2 in ik study (by TIMS) and in a prior
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study (by laser ablation multi-collector 1QWS), as well as all clinopyroxene separates and bulk
aggregate olivines from this lavaave®’Srf®Sr that is similar to or lower than the whole-rock
(0.705943; Workman et al., 2004).

All published®’SrfSr data from the Puu Wabhi flow is presented in Fig. Sbydiiot
data on the host glass (this study®rf®Sr on melt inclusions from 137 melt inclusions by laser
ablation single-collector ICR4S (Sobolev et al., 2011), and né&i®rF°Sr data in melt inclusions
by TIMS reported here. Sobolev et al. (2011) found extfEB#°Sr variability (~8500 ppm) in
a suite of melt inclusions from Puu Wahi (0.76@7 081 n=137). In contrast, the Puu Wabhi
melt inclusions analyzed in this study show d2iif ppm of total variability (0.703761
0.703938, n=9), which is nearly 34 times less variability thaeed by Sobolev et al. (2011).
Additionally, the Puu Wahi melt inclusions analyzed in thislg have?’SrfSr ratios that are
less than, or within error of, tRéSrf°Sr of the matrix glass (0.703912 +0.000008, 2SE; this
study) hosting the olivines. This stands in contrast té’the Wahi melt inclusions analyzed by
Sobolev et al. (2011), which ha¥srf8Sr ratios that are higher (64 melt inclusions) and lower
(73 melt inclusions) than the matrix glass.

Figure 6 presents tH&Nd/A*Nd and®’Srf°Sr data of the Samoan and Hawaiian melt
inclusiors analyzed in this study (see Table 1). The thfeulu’u sample AVON3-71-2 melt
inclusions with Nd-isotopic data ha¥&Nd/*“Nd ratiosof 0.512705 (+0.000052 SF) to
0.512809 (+0.000065,SE), and are thus within error of previously reported whol& roc
143NdANd measurementsom Vailulu’u (Workman et al., 2004). Similarly, the three Puu Wahi
melt inclusions witt**Nd/4“Nd data have ratios that are within error of one anothem(f
0.512800 + 0.000050 to 0.512900 + 0.000064) and within error of previously published
143N dA*Nd from Mauna Loa whole rocks. Notably, Fig. 6 shows thatrtteznal errors obtained

on individual melt inclusions from Samoa AVON3-71-2 (Bleestandard errors range from 102
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to 152 ppm, n=3) and Puu Wahi (91 to 126 ppm, n=3) are similar to the ebtained using an
older generation TIMS instrument 6fNd/4/Nd analyses of MORB and OIB whole rocks by
DePaolo and Wasserburg (1976) (60 to 90 ppm, n<8hetheless, the precision (91 to 152
ppm, 2RSE) oA**Nd/*“Nd analyses of individual melt inclusions is insufficiemtresolve any
intra-lava heterogeneity in this sample suite.

The CI/Nb ratios vary from 13.4 to 16.6 in AVON3-71-2 mettlusions, with the
exception of melt inclusion AVON3-71-2-8 (33.6) (Fig. 7; Ta®®. Similarly, high CI/Nb
ratios (up to 33.0 see Fig. 7) were observed in pillow rinsgiadredged from the flanks of
Vailulu’u (Workman et al., 2006; Kendrick et al., 2015). The Puu Wahiingiisions have
CI/Nb ratios (4.510.1) that are within the range suggested for pristine enarglts (CI/Nb < 11;
Rose-Koga et al., 2012). CI/Nb (and CI/K) do not co-varip@/iBrfeSr in the Puu Wahi or
AVONS3-71-2 melt inclusions analyzed in this study (Fig. 7

However 8’Srf5Sr ratios show a positive relationship with Rb/Sr aadN\® ratios in
AVONS3-71-2 melt inclusions. The melt inclusions from AVON3-71aé Ba/Nb ratios that
vary from 5.5 to 6.2, falling within the range of Ba/Nb previouslyorted on whole rock lavas
from Vailulu’u (Fig. 8). The AVON3-71-2 melt inclusions have a smaller range iiSR(®.066-
0.085) than previously observed in Vailulu’u lavas (0.051-0.081; Workman et al., 2004) (Fig.,9)
but they fall within the range of Rb/Sr ratios (0.6@7.03) reported by Jackson and Hart (2006)
in melt inclusions from the same sample (AVON3-71-2).

The Puu Wahi melt inclusions have a broad range of Bafits r@.6-12.0) that fall
within the variability observed in Mauna Loa lavas k3amn et al., 2012; see Fig. 8). However,
Sobolev et al. (2011) reported greater variability in Puu Wedii inclusions (Ba/Nb ratios of
7.7-15.4) than we report in melt inclusions from the same. Birailarly, Rb/Sr ratios in the Puu

Wahi melt inclusions analyzed in this study (0.60.923; Fig. 9 exhibit an order of magnitude
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less variability than the Rb/Sr ratios observed in melugiens analyzed (0.089.045) by
Sobolev et al. (20)1Finally, Sr isotopes in melt inclusions do not correlgith Rb/Sr in the
new Puu Wahi melt inclusion dataset or in the datas8obblev et al. (2011). However, in the
Puu Wahi melt inclusions from this study there is a p@sitlationship betweetiSrfeSr and

Ba/Nb (Fig. 8), but no equivalent correlation is presetiiénSobolev et al. (2011) dataset.

4. DISCUSSION. Exploring mechanismsfor generating 8Sr/%Sr variability in meltinclusions.

Significant®’SrF%Sr heterogeneity has been shown to exist between olivistedhanelt
inclusions within a single lava (Jackson and Hart, 2006; Hatlal,009; Sobolev et al., 2011;
Koornneef et al., 2015; this study). However, the mechabig which®’Srf°Sr heterogeneity in
melt inclusions is generated remains poorly understbe observation that olivines in a single
lava can host melts with variaBi&srf®Sr necessitates that melts with varig3grfeSr were
present when olivine crystallized in the magma systethitzat olivines captured these
heterogeneous melts as melt inclusidelow, we discuss potential mechanisms for generating
the heterogeneous melts trapped in the AVON3-71-2 and Puuriédthinclusions: 1) mixing of
mantle-derived melts with variab#éSrf°Sr, and 2.) interaction with brines, in the
supplementary material we discuss 3.) assimilation efedtoceanic crust (AOC), and 4.
assimilation of unaltered gabbro in the deep oceanic crust. &équiring heterogeneous
87SrP8Sr and becoming entrapped in olivine, the olivine-hosted imellision populations are
assembled within magmatic plumbing systems and erupted.

Previous studies (Koornneef et al., 2015; Reinhard et al., 2046¢ that olivines
encapsulate melts and preserverth&SrfeSr ratios due to the incompatibility of Sr in olivine

(Beattie, 1994) and slow Sr diffusion rates through olivineniRert et al., 2008). Additionally,
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both samples have relatively low Rb/Sr ratios (see BrataObservations section) and are
visually fresh and young-Puu Wabhi erupted at 910 yr B.P. (Lockwood et al., 1995) and
AVON3-71-2 is<8 ka (Sims et al., 2008}such that the radiogenic decay?@b to®’Sr (half
life of ~49Ga) has not significantly modified tH&Srf°Sr of these melt inclusions post
entrapment. Therefore, we assumé’@rf°Sr heterogeneity in the melt inclusions examined
here is the result of pre-entrapment processeselfotlowing sections we evaluate potential
mechanisms that contribute to heterogerfé8e%°Sr in melt inclusionsnew data from Vailulu’u
melt inclusions are explored, followed by a discussioth® isotopically homogeneous Puu

Wahi melt inclusions.

4.1. Vailulu’u (Samoan sample AVON3-71-2)
4.1.1. Mixing of mantle-derived melts with heterogenous &’Sr/%6Sr .

The mixing of pristine mantle melts with heterogen€8sfSr has been proposed as a
mechanism for generating the highly heterogen&i£°Sr ratios in olivine-hosted melt
inclusions, including melt inclusions from AVON3-71-2 (Jacksoad Eart, 2006). If pristine
mantle melts have heterogend{Srf°Sr ratios that reflect their source, then the mixinthese
meltsasolivine is crystallizing (and trapping melt inclusions) abgenerate the observed
87SrP8Sr and trace element ratio heterogeneity in the AVON3-7142inwusions.

A simple binary mixing model can be used to generate theogeteeity observenh the
AVON3-71-2 melt inclusions using known whole-rock lava compmsgifrom the Samoan
hotspot as hypothetical mixing endmembers. In the modegebchemically enriched
endmember is mixed withgeochemically depleted endmember, we identify two endmembers
that are suited for generating the trends exhibited by theimklsions (see description of

endmembers in Fig. 8 captio® mixture of these two endmembers generates trendstthiae fi
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observed relationships betwe&Brf®Sr and incompatible trace element ratios (e.g. Rb/Sr and
Ba/Nb). The observed correlation between trace eleratios (Rb/Sr and Ba/Nb) arféSrFoSr,
together with the observation that the AVON3-71-2 meltusioins fall along the model mixing
line, support the hypothesis that the mixing of mantle-deriveltswith heterogeneo&SrfeSr

prior to eruption could generate the obser¥/&itF°Sr variability.

4.1.2. Assimilation.

While the mixing of heterogenous mantle melts could geaénat observedSrSr
heterogeneity and tr@oncomitant incompatible trace element ratio (Rbffr Ba/Nb)
variability, magma mixing alone cannot explain the enriattshe Cl found in the AVON3-71-2
melt inclusions (Fig. 7). The elevated CI/Nb ratiothe AVON3-71-2 melt inclusions range up
to values (33.6) that are above the range for pristine eadetived melts, suggesting that
assimilation of seawater derived materials has modifie€Ctlm®ncentrations the AVON3-71-2
melt inclusions. However, it is important to evaluate Wwaethe®’Srf°Sr was modified by this
mechanism.

The assimilation of seawater-derived materialscluding AOC, seawater, and brires
can modify thé’Srf°Sr of a melt. This is because seawater-derived matesalfiost elevated
concentrations of Sr and inherit &Srf°Sr ratio from seawater (which contains ~7.85 ppm Sr
[Bernat et al., 1972] with radiogerfiéSrA°Sr [0.709179Mokadem et al., 2015)). If olivine
crystallizes during or after magmatic assimilation @fvegter-derived materials, the melt
inclusions would trap signatures of this assimilant.

Several studies have suggested that melt inclusions enawpte sensitive recorders of
the assimilation of seawater derived materials thanevtaalk lavas because 1.) crystallization

of olivine is enhanced at the magma chamber margins diooter temperatures near the
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magma chamber walls and 2.) melts trapped by growing olitinegma chamber margins are
more likely to have interacted with the wall rock tharitsneloser to the interior of the chamber
(Kamenetsky et al., 1998; Bédard et al., 2000; Danyushevsky 20@8B, 2004). If assimilation
is generating’Srf°Sr heterogeneity, and if melts hosting signatures of dasiom are
preferentially trapped in growing magmatic phenocrysts megma chamber walls, then
extreme®’SrPeSr compositions will be recorded disproportionately in okihosted melt
inclusions relative to the bulk lav&his conceptual model may explain the high degree of
87SrPeSr variability observed in melt inclusions from some lavas.

Identifying signatures of assimilated seawater-derived mieaa be difficult due to
the geochemical variability in these materials. Whi&*{Brf°Sr of modern seawater is
homogeneous, with a value of 0.709179 (Mokadem et al., 2015), oceasi and alteration
products can havESrFeSr ratios that range from ~0.7021 in fresh MORB (Schilling et18194
Fontignie and Schilling, 1996) to as high as 0.7257 (Hauff et al., 200@jhly altered
components within early Mesozoic Pacific oceanic dfwbkere enrichment of Rb in AOC [e.g.,
Kelley et al., 200Bresults in high Rb/Sr that generates high time-integfd&#°Sr via 8'Rb
decay).

Chlorine provides a powerful tool for identifying assimilatidrseawater-derived
materials in oceanic lavas because it is fluid mobile anefficiently subducted into the mantle.
Thus, recycled materials in hotspot lavas are not ¢xge¢o have high CI/K (e.g., Kendrick et
al., 2013) or CI/Nb (Rowe and Lassiter, 2009), and mantle-delaved that have not
assimilated seawater-derived materials have low CI/Nbsréti.g. 5-17; Rowe et al., 2015;
Michael and Cornell, 1998; Saal et al., 2002; Stroncik andd{289€4 Rowe and Lassiter,

2009).
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In contrast, seawater and seawater-derived materialading brines and altered oceanic
crust) are rich in Cl (e.g., Sano et al., 2008; Kendrick e2@l3; 2015; Van den Bleeken and
Koga, 2015). Due to alteration by seawater, altered oceanicbercsmes enriched in Cl and
other diagnostic elements (including Li, B, K, RI5 and U; e.g., Kelley et al., 2003; Staudigel,
2003; Sano et al., 2008). Howeveseawater and brines are poor in Nb relative to mantleeteri
melts As a result, altered oceanic crust inherits high Cléios (and high CI/K, implied
hereafter; Jambon et al., 1993; Michael and Cornell, 1998 &teal., 1999a, 1999b, 2002;
Lassiter et al., 2002; Kendrick et al., 2013, 2015) relative tanistantle-derived melts
Therefore, asimilation of altered oceanic crust by magmas tragsitimough oceanic crust can
elevate the magmatic Cl concentrations relativeniarly incompatible elements, like Nb,
resulting in high CI/Nb ratios in lavas (and melt irsifins) erupted at the surface (e.g., Michael
and Cornell, 1998; Kent 1999a, 1999b; Kendrick et al., 2013, 2015).

When used in tandem, Cl concentrations H8af°Sr present a powerful tool for
evaluating the presence of assimilated seawater derivediatgin lavas. Altered oceanic crust
has elevated Cl (and CI/Nb) and high&rfeSr relative to fresh MORB (Staudigel et al., 1995
1996; Bach et al., 2003; Hauff et al., 2003; Staudigel, 2003). Trassimilation of seawater
derived materials is the mechanism responsible for géngrthe observe?SrféSr variability
in olivine-hosted melt inclusions, th&i8rfeSr should correlate with indicators of assimgdt
seawater derived materials (e.g, CI/NBpwever, Cl and CI/Nb do not covary witfsrfeSr
(Fig. 7). Thisrequiresthat the melt assimilatl material that modifies the Cl (and CI/Nb) of the
melt inclusions but does not significantly modif§rf°Sr. Assimilation of deep crustal gabbros
and altered oceanic crust are unlikely candidates (see Sugipam Text). However, as we

explain below, a brine interaction model may be coesisvith the observations of this study.
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I nteraction with brines. Kendrick et al. (2015) analyzed Samoan glasses for BrCénd |
concentrations and reportadl/NDb ratio of 32.6 in pillow rim glass from the sameddhat we
examine here (AVON3-71-2¥imilar to the CI/Nb ratio we measured in melt inclusioflON3-
71-2-8 (33.6). Together with evidence from Br and | data, Kekati al. (2015) attribute 75% of
the Cl in the AVON3-71-2 glass to the interaction witmés (totaling 0.45 wt.% of the mixture,
assuming the brines are composed of 55£15 wt% séXisjr glasses from Vailulu’u (as well as
submarine glasses frogaveral other Samoan volcanoes, Ta’u, Malumalu, Muli and Taumatau)

also exhibit evidence for significant contribution dff©m brine (Kendrick et al., 2015).

Similar to our results on melt inclusions from AVON3-71-2ndeck et al. (2015) and
Workman et al. (2006) did not observe a correlation betwekcators of assimilation and
87SrPeSr in the Samoan glasses they analyzed. Kendrick @0dl3; 2015) suggest that the brine
the Samoan melts interacted with had low Sr concentitind therefore interaction with brines
could generate the observed Cl enrichment (and high ClAidisyavithout significantly

modifying the®’Srf%Sr of the melt.

Extrapolating from the results on Samoan submarinewijlasses (including the pillow
glass from AVON3-71-2) of Kendrick et al. (201%)e data presented here on AVON3-71-2
melt inclusions are consistent with brine interatwior to entrapment if the brine is Sr poor (as
suggested by Kendrick et al., 2015). For example, melt ilnciusvVON3-71-2-8 has a CI/Nb
ratio of 33.6, which is indicative of a significant enricdmhin C| and has a similar CI/Nb to the
AVON3-71-2 pillow rim glass (32.6) which was attributed to intaoarctvith brine (where the
expected CI/Nb for pristine Vailulu’u glasses unmodified by brine is <10; e.g., Kendrick et al.,
2015) Further, the interaction with brines may explain wbgne AVON3-71-2 melt inclusions
have elevated CI/Nb, yet there is no observed coioalaetweerf’Srf°Sr and CI/Nb in the melt

inclusion suite from this lava
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The influence of interaction with brines on the AVON3-7f@lt inclusions can be
tested using a simple mixing mod@le adopt a 55% salt brine (~30 wt.% of the brine is ClI)
composition (from Kendrick et aR015) that ha&'Srf°Sr of seawater (0.709179; Mokadem et
al., 2015), a Sr concentration Mid-Atlantic Ridge hydrothermal fluids (11.1 ppm; Schmidt et
al., 2007), and a Nb concentration of 0.2 ppb (le Roux €G06). The brine is mixed into a
melt with a CI/Nb ratio equal to the lowest ClI/Nhilulu’u glass (sampleAVON3-72-2 Cl =
670 ppm, Nb= 67 ppm CI/Nb = 10.0; Workman et al., 2006) &f®r£°Sr equal to the lowest
87Srf5Sr inclusion from this study (AVON3-71-2-9)( Fig. 7). In ourdat a mixture with only
0.52% brine would generate the maximum CI/Nb (38f@he AVON3-71-2 melt inclusions
reported here (Fig. 7). This value is similar in magnitud&eédt45% brine interaction for the
AVON3-71-2 pillow glass from Kendrick et al. (2015). The asstioh of such a small amount
of brine increases tHeéSrF®Sr ratio of tke melt by only 0.5 pprmmore than an order of
magnitude less than the uncertainty on®l8ef°Sr analyses by TIMS reported here. Therefore,
interaction withbrine can generate elevated CI/Nb in Vailulu’u melts without significantly
modifying the®’Srf%Sr of the melt. The lack of correlation between ClAviol®’Srf8Sr in
AVON3-71-2 melt inclusions, which host a wide range of CI/Nb418.33.6),s explained by
brine interaction withmelts prior to entrapment in graywiivines.

Based on the magma mixing model described in section,bihary mixing of
geochemically-enriched and geochemically-depleted magmagecenate relationships between
87SrPSSr and Rb/Sr and Ba/Nb and, critically, none of thesesrare significantly impacted by
interaction with brines owing to low Sr, Nb, Rb (Schmidalet2007), and Ba (Charlou et al.,
2002) contenbf the brines relative to the alkalic Samoan melts. Howelevated CI/Nb ratios
in the suite of AVON3-71-2 melt inclusions indicate thabeit(or both) of the endmember

magmas in the magma mixing model (Section 4.1.1) intedaegtth a small amount of brine,
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variably influencing the melt inclusion Cl budgets (and Glfidtios) prior to entrapment.
Unfortunately, given the existing suite of datas not possible to evaluate whether magma
mixing or brine interaction occurred first, but the datadggest that both processes operated on

the melt trapped in the AVON3-71-2 melt inclusions.

4.2. Puu Wahi (Mauna Loa, Hawaii)
4.2.1. ¥Sr/%Sr heterogeneity in melt inclusions from Puu Wahi

The Puu Wahi melt inclusions analyzed in this study dematesimited®’Sr/f°Sr
variability (only 251 ppm0.70376% 0.703938, n=9). However, this limited variability is still
greater than the reproducibility &Srf°Sr measurements on similarly sized aliquots of Sr (+43
ppm 2RSD, based on replicate analyses of 4 ng Sr loadiS\é{1; see Methods), suggesting a
very limited range of true Sr-isotopic variability in thetewf Puu Wahi melt inclusions
examined hereGiven the relatively narrow range 96rF°Sr ratios, it is difficult to evaluate the
mechanisms responsible for generating®{Bef°Sr variability observed in the Puu Wahi melt
inclusions analyzed in this study.

The Puu Wahi melt inclusions analyzed in this study do nat shoorrelation between
87SrPSSr and CI/Nb (Fig. 7), and they all have low CI/Nb ratiosQ(1), so it is unlikely that
assimilation of seawater derived materials is responibkie limited®’SrfeSr variability
observed the Puu Wahi melt inclusions (Lassiter et al., 2002kman et al., 2006; Kendrick et
al., 2014; Cabral et al., 2014). Additionally, $e€®uu Wahi melt inclusions have Sr/Sr*>1.2, but
there is no relationship betwe®iSrfeSr and Sr/Sr* (Fig. S5), which argues against the
assimilation of deep oceanic gabbro as the sole mechanigragjag the limited’SrfeSr

heterogeneity (e.g., Saal et al., 2007). Finally, the Puu Wahiinclusions show no relationship
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betweerf’SrPeSr and Rb/Sr, which excludes simple two-component mixingagfimas as the
sole mechanism generatif@rF°Sr variability in these melt inclusions

In contrast to the narrow range®$rf°sr ratios obtained on Puu Wahi melt inclusions
from this studySobolev et al. (2011) identified much greater variabilityattye34 times greater)
in their suite of Puu Wahi olivine-hosted melt inclusior8500 ppm of’Srf°Sr varibility,
0.70210.7081; n=137)The extreme isotopic variability observed by Sobolev.gf8éll1) raises
some key questions: Why does their dataset exhibit a signtifigreater range i#/SrfSr in
Puu Wahi melt inclusions than the dataset generated isttidy, and how can we reconcile
their results with the relatively narrow rang€i8rf°Sr observed in the melt inclusions in this
study?

One possible explanation is thatrsample size (n= 9) is significantly smaller than
Sobolev et al.’s (2011) (n= 137), and the more limite8/Srf°Sr heterogeneity observed in this
study (251 ppm) compared to the Sobolev et al. (2011) study (~8b®dgpie result of the
small samplesize. However the observed trace element heterogdeaityBa/Nb; Fig. 8) is
similar in magnitude to that observed by Sobolev et al. (2011) stigg¢hat we did not analyze
an anomalously homogenous suite of Puu Wahi melt inclusfosscond possible reason for the
contrast between the results of this study and thoSelodlev et al. (2011) is the relative
uncertainties of analyses reportéte reproducibility of thé’Srf°Sr ratio during repe&(Srf°Sr
analyses of individual Puu Wahi melt inclusions by Soboleal.€2011) vary significant|ybut
average errors asl660 ppm (2RSE3Nd are as high as +4376 ppm @B melt inclusion
1441A). This error is similar to the total range observed ifPtheWahi melt inclusions suite
(~8500 ppm) observed by Sobolev et al. (2011). By comparisoRutih&Vahi melt inclusions
examine here have errors rangingnfronly +14 to +56 ppmZ RSE) (and repe&fSrf°Sr

analyses of AGV-1-loaded to have ~4 rgusing the TIMS technique in this study reproduced
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to within £ 41 ppm (2 RSD, N=6)Looking ahead, it will be important to prospect faghly
heterogeneou&SrfSr melt inclusionslike those observkin Sobolev et al.’s (2011) study-in

a larger suite of Puu Wahi melt inclusions using the TtbtBinique employed here

4.5. Conclusions

In this study, we present the first paifé8rf°Sr and'**Nd/A*Nd data on individual
olivine-hosted melt inclusions from OIB lavas from Hawsaérfiple from the Puu Wabhi eruption
of Mauna Loa) and Sam@fom Vailulu’u volcano). The combination of isotopic and trace-
element analyses on individual olivine-hosted melt inchssallows for the identification of
processes that can modify mantle melts prior to erupliothe suite of melt inclusions from the
Samoa AVON3-71-2 lavyave report 936 ppm variability i#/Sr£°Sr in six melt inclusions, and
these new data (obtained using a TIMS technique) exhibit 4GB afriability in®’SrfeSr
reported on a suite of 12 melt inclusions from this lanalyeed by laser ablation multi-collector
ICP-MS (Jackson and Hart, 2006jor the Samoan melt inclusions, we show that the mixing of
isotopically heterogenous mantle-derived melts may be partant mechanism generating the
observed’SrfSr heterogeneity, and that localized interaction wittall amounts (<1%) of
brine generates the observed Cl enrichments and high Cliieb gap to 33.6)The relatively
homogeneou®'SrfeSr we report in Puu Wahi melt by TIMS (251 ppm variabilit§’@r/f°Sr on
nine melt inclusions) identified here contrasts with previoteported extrem&'Srf°Sr
variability (~8500 ppm variability if’Sr°Sr on 137 melt inclusions) in melt inclusions from the
same eruption usinglaser ablation single-collector IORS technique. We were able to show
that heterogeneodéSrfeSr in Samoan melt inclusions using measured usingiICAFCP-MS
are can be replicated using a TIMS technique (this studiramdhard et al., 2016). Therefore, i

will be important to employ a TIMS techniqgteeconfirm the highly heterogeneous (and
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extremely radiogenid’SrP®Sr compositions identified in Puu Wahi melt inclusions bipcev

et al. (2011), but on a larger suite of melt inclusions thas analyzed in this study.

Figure 1
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Figure 9

Figure captions
Fig. 1. Map of sample locations for A) the Hawaiian Puu Wahi flonMauna Loa and B) the
Samoan sample AVON3-7148rm Vailulu’u seamount. Panel C shows the Pacific region and

the relative location of each sample. The baseimagery is from GeoMapApp

(geomapapp.org).

Fig. 2. Olivine preparation schematic. Panel A is a photogragthofnogenized melt inclusion
(AVON3-71-2-6) analyzed in this study (images of all meltus@ns are shown in Fig. S1).
Prior to Sr and Nd isotopic analyses of melt inclusiongings with accessory inclusions were
identified and accessory inclusions were removed (B)gusitiamond wire saw to cut away
portions of the olivine that contain accessory inols (C), then polishing away any remaining
accessory inclusions (D), and finally exposing a small podfdhe melt inclusion by polishing
for EPMA, SIMS, and_A-ICPMS analyses (F). Panel E is an example of ain@lision (PW-
1) that has been successfully isolated from accessolysions. Accessory inclusions include

smaller melt inclusions, fluid inclusions, and spinel talgs
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Fig. 3. Major-element compositions of the Puu Wahi and AVON3-71-2 meltisions.

Vailulu’u whole rock data are from Workman et al. (2004) and Jackson et al (2010). #aoa
whole rock data were taken from the Jackson et al. (20b®)itation of Hawaiian lavas, and
only lavas with >6 wt% MgO are shown. Melt inclusion majenents are corrected for olivine
crystallization to be in equilibrium with the host ofiei, and are normalized to 100 wt.% totals

(on a dry basijs

Fig. 4. Primitive mantle-normalized trace-element patterns from the seven glRg&N3-71-2
melt inclusions and ten glassy Puu Wahi melt inclusionsepted in this study (normalized to
the primitive mantle values from McDonough and Sun, 1995). Tdek lihe is the trace-
element data for the AVON3-71-2 whole rock from Workmaale2004), corrected for olivine
accumulation to be in equilibrium with k0 The grey line is the trace-element data for the host

glass for the Puu Wahi olivines (Sobolev et al., 2011).

Fig. 5. All 8’SrfeSr data published for AVON3-71-2 and Puu Wahi. In panef(8)f°Sr data
are presented for the AVON3-71-2 whole rock (Workman e2@04), melt inclusions by LA-
MC-ICP-MS (Jackson and Hart, 2006), melt inclusions by TIMS (this $tudinopyroxene
separates (separated by color; Jackson et al., 2009), andatggrelivine (separated by color;
Reinhard et al., 2016). The grey bar in (A) displays the tataje of’SrfeSr reported for
Vailulu’u whole rocks by Workman et al. (2004), Jackson et al. (2010), and Jacksdn e
(2014). For Puu Wah?’Srf®Sr data fomulti collector ICP-MS host glass (this study), laser
ablation single-collector ICP-MS melt inclusion (Solodg al., 2011), and TIMS melt inclusion
(this study) are also presented in panel (B). Folaser ablation-ICRMS analyses of melt

inclusions error bars are 2SE, for all other data thor bars are smaller than the symbols. The
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grey bar in (B) displays the tofA5r£°Sr variability reported in Mauna Loa whole rocks
(compiled from the GEOROC database [http://georoc.mpch-mainz.gwddglitde]Puu Wahi
host glass was analyzed as part of this stud§’&nf°Sr (0.703912 + 0.000008) aktiNd/ *Nd
(0.512843+0.000006) using the methods described in Hart and Blu@Q8p), and the Sr and
Nd isotopic data are normalized to the preferred NBS 987 (0.710240) an®.BN&@104)

ratios.

Fig. 6. “*NdA*“Nd versu$’Srf°sr for melt inclusions from Puu Wahi and AVON3-71The
grey field represents the global OIB array (compiled ftbenGEOROC database
[http://georoc.mpchnainz.gwdg.de]). Vailulu’u whole rock 8’SrfeSr and"*3Nd/A*Nd data are
from Workman et al. (2004), Jackson et al (2010), and Jacksdn(2014). Mauna Loa whole
rock 8’Srf8Sr and**Nd/**4Nd data were compiled from the GEOROC database
[http://georoc.mpch-mainz.gwdg.d&rey squares with white stars aféNd/*“Nd analyses on
oceanic basalts from DePaolo and Wasserburg (1976; A isAMadtic Ridge MORB [VG295],
B is Oahu nephelinite [HN-1], C is Oahu tholeiite [HT-1]), &nel precision from these early
whole rock!*Nd/A*/Nd analyses are similar to the precision obtained orighail melt
inclusions in this study. All error bars ar&E Melt inclusions with low Sr and Nd

sample/blank ratios are not plotted (see Methods and Fig. S2).

Fig. 7. Cl/ND plotted versu&’SrfeSr for AVON3-71-2 (A) and Puu Wahi (BYailulu’u glass
87SrP8Sr and CI/Nb data in (A) are from Workman et al. (2006) anutkiek et al. (2015)
Where a glass from Workman et al. (2004) was reanalyzeldehyable gas method for CI by
Kendrick et al. (2015), the Kendrick et al. (2015) value fois@ised The grey line with grey

tick marks is a binary mixing model aimodel melt (yellow circle; described in section 4.1.2.)

34



with a 55 wt% brine (as discussed in section 4.1.2.). Belclmark represents 0.1% brine
interaction. The vertical dashed line shows the efiéatixing the least contaminated (by
seawater-derived materiafgpilulu’u melts and the horizontal dashed lines show the effect of
interaction with brine . In (B) previously published PuaiWmelt inclusior$’Srf°Sr and CI/Nb

data (pale red field) from Sobolev et al. (2011) are plottigh the data from this study.

Fig. 8. 8’SrPeSr versus Ba/Nb in the melt inclusions from AVON3-71-2 (A) #uu Wahi (B).
Vailulu’u whole rock 8’Srf®Sr and Ba/Nb field encompasses data from Workman et al. (2004)
Jackson et al (2010), and Jackson et al. (2008 black line is a mixing model betwe€mu
lava T10 (from Workman et al., 2004 [0.704657; 437 ppm Sr, 19.9 pprh7/8lppm Ba, and
35.2 ppm Nb]) and Tutuila Island basalt sample TGH3-1931. Tic naaek$0% increments.
TGH3-1931 (the enriched mixing endmember in the mixing moded)amalyzed for trace
elements an8’SrfeSr using the methods described in Hart and Blusztajn (2006)3T1581
has 75.1 ppm Rb, 657 ppm Sr, 497 ppm Ba, 76.6 ppm NB’anSr of 0.706467 (normalized
to the preferred NBS 987 ratio of 0.7102400e AVON3-71-2 melt inclusion Ba/Nb and
87SrPoSr data from this study have a correlation coefficaf.81, however the p-value for this
correlation is only 0.093, indicating the correlation is significant at the 95% significance
level. In (B), theMauna Loa whole rocR’Srf°Sr versus Ba/Nb field (from GeoRoc
[http://georoc.mpch-mainz.gwdg.de]) compilation, encomgetée Puu Wahi melt inclusion
analyses from this study; the inset shows a detailed Vi€®uw Wahi melt inclusions from this

study.

Fig. 9. 8’Srf°Sr versus Rb/Sr for the AVON3-71-2 (A) and Puu Wahi (B) meluisions. In

panel A, the open triangles are data from Jackson arid2086). The black line is a binary
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mixing line between the two endmembers (samples T10 and TGH4E3Ejg. 8. caption), and
tic (“X”) marks are 10% mixing increments. The AVON3-71-2 melt ineluRb/Sr and
87SrPeSr data from this study give a correlation coefficient 820with a p-value of 0.087. The
correlation coefficient of all AVON3-71-2 melt inclusi®b/Sr and’Srf°Sr data from this
study and the data of Jackson and Hart (2006) give a corretatafircient of 0.79 with a p-
value of 0.0002, indicating the correlation is significainthe 95% significance level. Thé Rr
our model is 0.62; additionally, the residuals for our modahsho correlation with Rb/Sr
(correlation coeffieceint = -0.08Y.ailulu’u whole rock 8’Srf°Sr and Ba/Nb data define a field
that encompasses data from Workman et al. (2004) and Jakab{2010). In panel B, the field
for Mauna Loa whole rock data encompasses data frodatikson et al. (2012) compilatican
field for melt inclusion analyses from Sobolev et(2011) is also shown. The inset shows a

detailed view of Puu Wahi melt inclusions from this study.
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Supplementary M aterial

. Supplementary Methods

Volatile Measurements
Volatile element (CQ H-0 and F) concentrations were measured on the Cameca 1280-
HR SIMS at CRPG-CNRS-Nancy (France). The analytical phaes are detailed in other

studies (e.g. Rose-Koga et al., 2014) and are summarized eefly A C5 primary ion beam
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was used with a nominal current of 0.7 nA, a 10 kV secondaslerating voltage, and a -80 V
offset. An electron gun was used to compensate for chaiigeppon the sample. The
instrument was operated with the contrast @peat 400 um, and the energy aperture was set at
30 eV. The entrance slit was set to 122 um and the exit slit to 173 um, for a mass resolution
power of 7007. The pre-sputter was set to 3 minutes. During each anahciground was
measured (2 s), followed by measuremenf@f(8 s),}’O (3 s),'%0H (6 s),*80 (3s),'°F (4 s),
27Al (3 s), and®®Si (3 s); there was a two-second delay after each enagift. This cycle was
repeated 10 times during each analysis, yielding a total nezasat time (including pre-sputter)
of between ten and eleven minutes per spdtCAon image of each melt inclusion was
examined prior to analysis to avoid portions of melt inols with C surface contamination,
and sample analyses that exhibit drift4@8/°Si during an analysis were discarded.

Calibration curves for D, CG and F were generated by measuring basaltic glass
reference materials (VG2, M40, M48, N272, and A99). ALV 519-4-1afielconcentrations
are reported in Hauri, 2002; and Kumamoto et al., 2017) and GLOBP&2nmarized in
Jackson et al., 2015 and Simons et al., 2002) were run aslaegsetandards. The analytical
errors, which are based on the reproducibility over the é@swf analyses of geological
reference materials (Table S2) and the errors on gresgion of the calibration line were %
for H20, <15 % for CQ, and 5 % for F (1 RSD).
2. Supplementary Observations
COz2and H20 in melt inclusions.

CO, concentrations measured in the melt inclusion glass AWON3-71-2 (373719
ppm;Table S6) are higher than values measured in submarine pillow rim glass from Vailulu’u
(6-233 ppm; Workman et al., 2006), and overlap with the range efcGfrentrations

previously reported in olivin@ested melt inclusions from Vailulu’u (53-515 ppm; Workman et

46



al., 2006) (Fig. S3). ¥D concentrations in the AVON3-71-2 melt inclusions (0833 wt. %;
Table S6) fall within the range of previously analyzed pillow rlasges (0.63 1.50 wt. %) and
melt inclusions (0.67 1.48 wt. %) from Vailulu’u (Workman et al., 2006).

The Puu Wahi melt inclusions span the same range@®@fddncentrations (0.29.34 wt.
%; see Fig. S3 and Table S6) as a different suite of wethealt inclusions from the same
sample analyzed by Wallace et al. (2015). With one exaephe unheated (25-207 ppm, n=7)
and reheated (54 to 122 ppm, n=2) Puu Wahi melt inclusions fromualyr Isave relatively low
CO, concentrations that are consistent with the ran@Onconcentrations measured in
unheated melt inclusions from the same sample analyzédabigice et al. (2015; 38-158 ppm).
One Puu Wahi melt inclusion that was not homogenized h&y ad@hcentration (520 ppm) that
is similar to the heated melt inclusions analyzed by Wa#aed (2015), which range from 224
to 505 ppnCO,. The suite of melt inclusions from the same sampédyaed by Wallace et al.
(2015) showed that melt inclusions often host a large porfitrea CO; (40-90%) in vapor
bubbles, and that over-heating followed by rapid quenchirggisined to re-dissolve the GO
hosted in the vapor bubble. The melt inclusions in our stuugg not overheated and most had
visible vapor bubbles after homogenization that represemted 5% of the volume of the melt
inclusion (Fig. S4). Previous studies (Steele-Maclnnis. &0dl1; Moore et al., 2015; Wallace et
al., 2015) have shown that a significant portion of the @@he melt inclusion may be hosted in
the vapor bubble, and the concentrations measured inat®y/gortion of the melt inclusions
are not representative of the original trapped meltaBse we did not overheat the Puu Wahi (or
Vailulu’u) melt inclusions to re-dissolve the vapor bubble, we do not further discuss CO

concentrations in this study.

3. Supplementary Discussion
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Assimilation of oceanic crust: deep crustal gabbros or shallow altered crust. The data from the
AVON3-71-2 melt inclusions do not support the assimilation opam®anic crust generating
87SrPeSr heterogeneity. Previous work has shown that, in csirtrashallow oceanic crust, deep
oceanic crust is often not altered (Staudigel et al., 1995, H386gt al., 1999), particularly the
deep gabbro section of crust generated at fast-spreading (@Ege<t al., 2016) (a spreading
rate regime that is likely applicable to the formationhaf oceanic crust beneath Sanidaller
et al., 2008). Thus, assimilation of deep oceanic crusttisxpeected to influence the CI/Nb
ratios of basalts. However, deep oceanic crust is dorditgtgabbros, which should impart a
“plagioclase” trace element signature on a pristine melt that assimilates lower oceanic crust (Saal
et al., 2007; Peterson et al., 2014). Positive Sr anosnzdie be used as an indicator of
plagioclase assimilation, where enrichment in Sr nedab Nd and Sm, or Sr/Sr*>1, is used as
the definition of a positive Sr anomaly (i.e., Sr/SBt(SMy*Ndn)%9). Therefore, assuming
oceanic gabbro has MORB-IiR&SrFeSr (0.7028; Gale et al., 20)L3jabbro assimilation by
Samoan melts would result in a reduction in melt inolu®iSrf®Sr with a concomitant increase
in Sr/Sr* values. Howevesll AVON3-71-2 meltinclusions have Sr/Sr* < 1.03 and show no
correlation betweefSrf®Sr and Sr/Sr* (Fig. S5), and the data are therefore sistemt with
the magma having assimilated oceanic crustal gabbros

Similarly, the data from the AVON3-71-2 melt inclusions gmed in this study are not
consistent with assimilation of AOC as the mechanisnegeing®’Sr£°Sr heterogeneitynl
highly altered 167 Ma (ODP site 801) and 130 Ma (ODP site 1149) ocwasic Hauff et al.
(2003) found the averadésSrf®Sr of the igneous portions to be 0.704947 and 0.7047609,
respectively, values that are similar to the avefag§ef°Sr of 120 Ma altered ocearseust from
ODP sites 417/418 of 0.704575 (Staudigel et al., 1995). These alte@uwmcrust drill cores

sample crust witB’Srf®Sr values that are lower than any whole rock or Ji&1#°Sr from
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Vailulu’u volcano (Workman et al., 2004, 2006; Jackson et al., 2010, 2014) and lower than all of
the AVON3-71-2 melt inclusions analyzed here. Thereforeeg#similation of altered oceanic
crust should result in a reduction of tH&rF%Sr of any Vailulu’u melts while increasing CI/Nb
ratios, resulting in a negatively sloping trend. Suchradtie not observed in the AVON3-71-2
melt inclusion suite in Figure 7, arguing against assiroitadif altered oceanic crust as the
mechanism driving’SrP®Sr variability in AVON3-71-2 melt inclusions.

Hauff et al. (2003) found that some components in the badeodion of ODP core
801, including calcite-, smectite-, and hyaloclastite-n@terials, can have extremely radiogenic
87SrPeSr (up to 0.7257 in sample 801C 17R4 15-18 from Hauff et al., 2003ighest
87SrPeSr samples from ODP core 801 exhibit enrichments in RKafiKelley et al., 2003), as
expected in altered oceanic crust (Staudigel, 2003; Sano 2068, If the 8’Srf°Sr
heterogeneity in Samoan melt inclusions is due to assiomilaf this extreme oceanic crust
composition, and if we assume that the higfétf5Sr melt inclusion from AVON3-71-2
(0.705853, AVON3-71-2-3) is the result of incorporation of allevceanic crust by a melt
similar to the lowest’SrPeSr melt inclusion (AVON3-71-2-9, 0.705193), then approximately
33% altered oceanic crust (with a composition like the clvile sample 801C 17R4 15)18
would have to be assimilated. Such large quantities of assthitaaterial will modify the major
and trace element composition of the Hé®rfeSr melt inclusion: if a melt similar to melt
inclusion AVON3-71-2-9 is mixed with 33% of the highly radiogefigr£°Sr drill core sample
(801C 17R4 15-18 from Hauff et al., 2003), the melt resultioghfassimilaton would have
significant enrichments in Rb and K relative to the AVORNI32 melt inclusions (see the AOC
assimilation model in FigS6). Also, asthe highly radiogeni&’Srf°Sr sample is carbonate-rich
(Hauff et al., 2003) and has 27.3 % CaO, the resulting assichitaé would have ~16.2 Wib

CaO (at ~9.5 wt. % MgO), nearly 40 % more CaO than the sigb@O AVON3-71-2 melt
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inclusion (11.7 wt%) (note that the assimilated melt has such high CaOttpkts outside of
the relevant panel in Fig. 3). The lack of enrichmenRlnK, Ca in the highe$tSrf°Sr melt
inclusion (AVON3-71-2-3) argues against the assimilation of higidyogenic®’SrfeSr

components of AOC.
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Fig. S1. Images of melt inclusions analyzed in thig
study. All AVON3-71-2 melt inclusion images
were taken after homogenization except for the
image of melt inclusion AVON3-71-2-1. For melt
inclusions PW-5 and PW-9a the images were tak
post homogenization; the other eight Puu Wahi n
inclusions were not homogenized. Cracks in imag
resulted by grinding and polishing when exposing
inclusions for analyses (i.e., cracks were not visil
during or post-homogenization).
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Fig. S2. Total Sr (nanograms) vers¥/Srf°Sr (top) and total Nd versd&Nd/A4“Nd (bottom) for
the melt inclusions analyzed in this study. For each Eathpre are two points plotted: the blank
corrected ratio (darker red or blue) and the ratio bedtanek correction (lighter red or blue). The
dashed vertical lines delineate the sample/blank threstarl@ {a ratio > 25) and Nd (> 40).

Six melt inclusions had NghpiéNdoiank ratios >40, and 15 melt inclusions&#hidStoiank ratios >

25; all other melt inclusions had unacceptably low sample/sitids and were excluded from
discussion in the text.
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Fig. S3. CO» concentrations versus,@ concentrations in the analyzed melt inclusiéaey
squares are Puu Wahi (Hawaii) melt inclusions analyzed forad® HO by Wallace et al.
(2015), which show that a significant portion of the;@®Othe melt inclusion resides in the
vapor bubble. Wallace et al. (2015) analyzed two batche&lbfimlusions from the same

sample; one batch was unheated and a second batch whasabed then rapidly quenched to re-
dissolve CQ beforevolatile analysis. Grey diamonds are Vailulu’u (Samoa) melt inclusions and

submarine glasses reported in Workman et al. (288&ral of the Vailulu’u melt inclusions
from Workman et al. (2006) hav&0O, and BO concentrations that are similar to the Wai'u
melt inclusions examined here. Only two of the Puu Wahi melisions required
homogenization (PW5 and PW 9a), all AVON3-71-2 melt inclusieeie homogenized.
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after homogenization and polishing and are therefore plaedough 0% of melt inclusion
volume was vapor bubble.
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Fig. S5. 8/Srf8Sr versus Sr/Sr* in the melt inclusions from Puu Wahi an@®N@-71-2. The
Vailulu’u whole rock 8’Srf®Sr and Sr/Sr* field encompasses data from Workman 2G04),
Jackson et al (2010), and Jackson et al. (2014). Mauna Loa ml&fSrfeSr and Sr/Sr* field
encompasses data from the Jackson et al. (2012) compil&ti®Sr= Sk/(Ndnv*Smn)%°, where

N represents normalization to primitive mantle concentnatioom McDonough and Sun (1995).
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Fig. S6. Primitive mantle-normalized trace-element patterns from the sevenygRg®N3-71-2
melt inclusions and ten glassy Puu Wahi melt inclusionsepted in this study (normalized to
the primitive mantle values from McDonough and Sun, 1995). Tdk lihe is the trace-
element data for the AVON3-71-2 whole rock from Workmaalet2004), corrected for olivine
accumulation to be in equilibrium wiffogo. The grey line is the trace-element data for the host
glass for the Puu Wahi olivines (Sobolev et al., 2011).pihple line is a model showing the
result of the assimilation of 33% of the high®&rF°Sr altered oceanic crust component from
Hauff et al. (2003) (sample 801C 17R4 15-18 from ODP core 801) bydabedepleted’SrfoSr
Vailulu’u melt inclusion (as discussed in the supplementary text).
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