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28We report the !rst neon isotope measurements on phenocrysts from subaerial and submarine Samoan lavas.
29These new data complement existing Ne-isotope data from Samoan peridotite xenoliths. Neon isotopes were
30measured in magmatic phenocrysts separated from nine shield-stage lavas from 5 Samoan volcanoes, includ-
31ing Ofu, Ta'u, Vailulu'u, Malumalu and Savai'i. Phenocrysts from subaerial Samoan lavas have higher 20Ne/
32

22Ne than submarine phenocrysts, which may suggest different atmospheric contamination mechanisms for
33these two different eruptive environments. Olivine phenocrysts from a subaerial Ta'u lava exhibit the highest
34

20Ne/22Ne (11.3) value in this study. Two subaerial Samoan samples from Ofu Island with high 3He/4He ratios
35(Ofu-04-06 and Ofu-04-03; 34 and 24 Ra [ratio to atmosphere], respectively) also have elevated 20Ne/22Ne
36ratios relative to air, and in a three-isotope neon plot the Ofu samples are indistinguishable from measure-
37ments made on high 3He/4He lavas from Hawaii, Iceland and Galapagos. The similarity of helium and neon
38isotopes in Ofu and Hawaii–Iceland–Galapagos is remarkable given the distinctions in 87Sr/86Sr (0.70458 for
39Ofu vs. 0.70329–0.70368 for Hawaii–Iceland–Galapagos) and 143Nd/144Nd (Ofu's 0.51283 vs. 0.51294–0.51297
40for Hawaii–Iceland–Galapagos) in high 3He/4He lavas from these localities. Thus, the occurrence of similar
41helium and neon isotope compositions in lavas from these 4 hotspots does not appear to be linked to their
42variable Sr and Nd isotope compositions, and demonstrates a complex relationship between the isotopes of
43noble gases and the more refractory radiogenic isotopes. Additionally, we observe strongly nucleogenic neon
44isotopes in one the most isotopically-enriched (87Sr/86SrN0.718) Samoan lavas. This observation is consistent
45with the presence of recycled, continentally-derived marine sediment in the mantle source of the most
46enriched lavas from Samoa.
47© 2009 Elsevier B.V. All rights reserved.

4849

50

51

52 1. Introduction

53 The Samoan archipelago is an age-progressive hotspot located just
54 north of the northern terminus of the Tonga subduction zone (Hart
55 et al., 2004; Koppers et al., 2008). Based on measurements of radio-
56 genic isotopes and trace elements, lavas erupted at the Samoanhotspot
57 have long been known to sample a heterogeneousmantle (Hedge et al.,
58 1972;White and Hofmann,1982;Wright andWhite,1986; Farley et al.,
59 1992; Workman et al., 2004). Isotopically-enriched Samoan lavas-like
60 the submarine samples from Savai'i Island—

^
host an EM2 (enriched

61 mantle 2; Zindler andHart,1986;Hofmann,1997) component that sug-
62 gests a role for recycled, continentally-derivedmarine sediment in the
63 mantle upwelling beneath the Samoan hotspot (White and Hofmann;
64 1982; Jackson et al., 2007a;Workman et al., 2008). By contrast, some of
65 the Samoan lavas with the most isotopically-depleted (high) 143Nd/
66

144Nd ratios, like those erupted at Ofu Island, can exhibit high 3He/4He

67ratios (up to 33.8 Ra; Jackson et al., 2007b), and these lavas exhibit no
68evidence for an enriched recycled sediment component. High 3He/4He
69ratios of a similar magnitude have been observed only in Hawaii (Kurz
70et al., 1982; Honda et al., 1993; Valbracht et al., 1997), Iceland and the
71proto-Iceland plume (Kurz et al., 1985; Graham et al., 1998; Hilton
72et al., 1999; Trieloff et al., 2000; Stuart et al., 2003; MacPherson et al.,
732005), Q3and the Galapagos (Graham et al., 1993; Kurz and Geist, 1999;
74Saal et al., 2007). The high 3He/4He component sampled by these hot-
75spots is thought to be an ancient, relatively undegassed, deep-seated
76mantle component (e.g., Kurz et al., 1982). Many studies have sug-
77gested that the high 3He/4He mantle reservoir is common to all other
78hotspots, and it has been variously referred to as FOZO (Focus Zone;
79Hart et al., 1992), PHEM (Primitive Helium Mantle; Farley et al., 1992)
80or C (Common; Hanan and Graham, 1996). The origin, lithology, loca-
81tion and long-termhistory of the high 3He/4He reservoir remainpoorly
82known (e.g., Hart et al., 1992; Anderson, 1998; Parman et al., 2005;
83Class and Goldstein, 2005; Jackson et al., 2008; Albarède, 2008).
84Neon isotopes provide an important constraint on the origin of the
85mantle hosting high 3He/4He signatures. The evolution of neon and
86helium isotopes are closely linked by their commonparentage in the U
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87 and Th decay systems: 4He formed by the decay of U and Th decreases
88

3He/4He ratios, while 21Ne is generated by nucleogenic reactions
89 on Mg and O, where the nucleogenic reactions (e.g., 18O(!,n)21Ne)
90 originate from U and Th decay. Therefore, the evolution of neon
91 isotopes in the earth's mantle is controlled by long-term (U

^
+
^
Th)/Ne

92 ratios, and the helium isotope system is governed by time-integrated
93 (U

^
+Th)/He ratios. Regions of the mantle with high 3He/4He should

94 have low time-integrated (U
^
+Th)/He and, owing to the similar

95 behavior of helium and neon, low (U
^
+Th)/Ne. This hypothesis is

96 borne out by the observation that the mantle component sampled by
97 the highest 3He/4He (N30 Ra) hotspots, Hawaii, Iceland and Galapa-
98 gos, have less nucleogenic neon isotopes than low 3He/4He hotspots
99 andMORBS (midocean ridge basalts) (e.g., Honda et al., 1991; Hiyagon
100 et al., 1992; Honda et al., 1993; Dixon et al., 2000; Trieloff et al., 2000;
101 Moreira et al., 2001; Kaneoka et al., 2002; Dixon, 2003; Kurz et al.,
102 2009). Nonetheless, the high 3He/4He lavas sampled from different
103 hotspots have been found to exhibit heterogeneous 21Ne/22Neextrap
104 values, where 21Ne/22Ne compositions are extrapolated to a constant
105

20Ne/22Ne value1 to deconvolve the mantle and atmospheric compo-
106 nents in lavas and xenoliths (the expression for calculating 21Ne/
107

22Neextrap is in the Fig. 4 caption). Galapagos lavas with the highest
108

3He/4He ratios also host 21Ne/22Neextrap isotope compositions that are
109 closer to solar values than Icelandic high 3He/4He lavas, and Loihi lavas
110 in turn have even more nucleogenic Ne isotopes than Iceland (Kurz
111 et al., 2009). The observation of variable neon isotope signatures
112 in high 3He/4He lavas suggests some variation in time-integrated
113 (U

^
+Th)/Ne ratios in the high 3He/4He mantle, but some of the neon

114 isotope variability may owe to fractionation of He from Ne during
115 degassing with subsequent mixing of melts with variable He/Ne (e.g.,
116 Moreira and Sarda, 2000; Sarda and Moreira, 2002; Gonnermann and
117 Mukhopadhyay, 2007). However, owing to the fact that the highest
118

3He/4He lavas from these three hotspots host somewhat different Sr
119 and Nd isotopes, perhaps it is not surprising that their neon isotope
120 compositions are also distinct.
121 Here we present the !rst neon isotope data frommagmatic pheno-
122 crysts in Samoan lavas. These new data complement existing noble
123 gas measurements from Samoan peridotite xenoliths, which revealed
124 a range of neon isotope ratios in samples with awide range of 3He/4He
125 (11.5–21 Ra; Poreda and Farley, 1992). However, xenoliths can be res-
126 idues of melt extraction and may host a contribution of relatively
127 nucleogenic 21Ne/22Ne from the uppermantle frommelting processes,
128 residence in the mantle, or emplacement. In an attempt to charac-
129 terize the neon isotopic composition of the Samoan source mantle,
130 and avoid the uppermantle neon component found in some xenoliths,
131 the strategy was to examine neon isotopes in olivine and clinopyr-
132 oxene phenocrysts in lavas. Indeed, we !nd that Samoan lavas with
133 a moderately high to high 3He/4He (13.3–33.8 Ra) exhibit a 21Ne/
134

22Neextrap ratios that are similar to the neon isotope values reported in
135 high 3He/4He lavas from Fernandina (Galapagos), Loihi (Hawaii), and
136 Iceland. This result is surprising, as high 3He/4He lavas from Samoa
137 have distinctly more enriched Sr and Nd isotopes than Loihi, Gala-
138 pagos and Icelandic high 3He/4He lavas. The result also suggests that
139 the evolution of neon in themantle,while generally coupled to helium,
140 may not follow the evolution of Sr and Nd isotopes.

141 2. Samples and procedures

142 Neon isotope data are reported only for magmatic phenocrysts.
143 The Sr–Nd–He isotopes for the nine lavas examined in this study were

144reported elsewhere (Workman et al., 2004; Jackson et al., 2007a,b). All
145samples are alkaline basalts based on the classi!cation of Macdonald
146and Katsura (1964) Q4. Six lavas were recovered by submarine dredging
147during the AVON3 cruise (see Workman et al., 2004) and the
148remaining samples (Ofu-04-03, Ofu-04-06 and T25) were collected
149on land. Based on the results of previous helium isotope work on
150Samoan lavas (Workman et al., 2004; Jackson et al., 2007b), samples
151with the most helium-rich phenocrysts were chosen for neon isotope
152measurement. Following whole-rock crushing and magnetic separa-
153tion of phenocrysts, only the freshest material was chosen for neon
154isotope analysis. The clinopyroxene (Jackson et al., 2009) and olivine
155(Jackson, in prep) phenocrysts are compositionally magmatic, and
156show no overlap with the clinopyroxene and olivine compositions
157measured in Samoan xenolith olivines (Hauri and Hart, 1994). From
158six lavas, more than 1 g of olivine phenocrysts was separated for noble
159gas measurement. Less material was available for Ofu-04-06 (0.67 g
160of olivine), AVON3-71-2 (0.90 g of olivine) and ALIA-115-18 (0.54 g
161of clinopyroxene). All phenocrysts were ultrasonicated for 15 min

^
in

162acetone before loading into ultra-high vacuum crushers. In order to
163ef!ciently remove surface coatings and adhering basalt, many of the
164mineral separates were abraded using pressurized air (in a stainless

1 Neon is often extrapolated to either the solar 20Ne/22Ne value of 13.8, or to neon B
(20Ne/22Ne of 12.5), where the latter represents an alternative starting composition for
the earth that is found in meteorites (e.g., Black, 1972; Trieloff et al., 2000). We
extrapolate to the solar neon component in this study, but extrapolating to the neon B
component would not alter our conclusions.

Fig.1.Helium isotopes for all crushing and heating experiments are plotted against their
respective gas concentrations. All measurements aremade on phenocrysts of clinopyro-
xene (ALIA-115-18) or olivine (the other 8 samples). Crushing experiments yield similar
3He/4He for a particular sample over a range of concentrations. By comparison, a heating
experimentmade on one aliquot of clinopyroxene phenocrysts fromsample ALIA-115-18
hadhigher 4He and lower 3He/4He than crushesmade on the samealiquot of phenocrysts.

Fig. 2. Neon isotopes for all crushing and heating experiments are plotted against their
respective gas concentrations. Neon measurements on magmatic phenocrysts from
samples collected on land have higher 20Ne/22Ne than neon measurements made on
phenocrysts recovered by deep-sea dredging. Error bars are 1" (see Table 1).
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165 steel abrasion chamber), and then cleaned in weak (b10%) nitric acid.
166 In order to test the effects of this cleaning procedure, neon isotopes
167 were measured on two aliquots of olivines from sample T25: the !rst
168 aliquot was not treated, and the second was subjected to air abrasion
169 and nitric acid treatment. Helium and neon isotopes obtained on the
170 air abraded and nitric acid-treated olivine phenocrysts were similar to
171 the untreated olivines (see Figs. 1–3), suggesting that the abrasion
172 and nitric acid treatment does not diminish gas contents or alter the
173 proportion of the measured atmospheric neon component. The sam-
174 ple with the highest 20Ne/22Ne and 21Ne/22Ne was from a crushing
175 experiment of abraded olivine from sample T25. Most samples re-
176 ported in Table 1 were air abraded and cleaned in nitric acid before
177 analysis.
178 Neon measurements were made on a MAP 215-50 mass spectro-
179 meter dedicated to high precision neon measurements. The proce-
180 dures for neon extraction, puri!cation and mass spectrometry follow
181 those from Kurz et al. (2009). Helium was also measured on the
182 MAP 215-50 mass spectrometer in order to obtain He/Ne ratios.

183Following each of a series of crushing steps in vacuo (for phenocrysts
184separated from 9 samples), helium and neon isotopes were measured
185in the mass spectrometer. In addition to an in vacuo crushing exper-
186iment, the powder remaining from sample ALIA-115-18 was also
187measured for neon after an initial heating step (at 600 °C) and again
188following fusion (at 1500 °C). Blanks during crushing and step-
189heating experiments were b1!10!11 cc STP 4He and b2!10!12

^
cc

190STP 20Ne. Interferences fromH2
18O and HF are negligible and require no

191correction (Kurz et al., 2008 Q5). Interferences from doubly charged 40Ar
192and CO2 on the 20Ne and 22Ne peaks, respectively, are dealt with fol-
193lowing the protocol in Kurz et al. (2009). It is dif!cult to estimate the
194error associated with corrections for these doubly-charged interfer-
195ences, and neon measurements with low signal intensities (2000 cps
196on 20Ne, or b1!10!11

^
cc in the mass spectrometer) that require large

197blank corrections (N3%), and doubly charged corrections greater than
1983%, are not included in the interpretation and discussion that follows
199(Kurz et al., 2009). However, low intensity neon isotope measure-
200ments are included in Table 1 for completeness.

Fig. 3. Three-isotope neon plot, showing new Ne data from Samoan magmatic phenocrysts (upper panel, this study) and previously published Ne measurements from Samoan
xenoliths (lower panel). Only individual crushing experiments with high signal intensities are plotted (N2000 cps on 20Ne, or N1!10!11 cc 20Ne in themass spectrometer). Error bars
on Samoanmeasurements are 1" (see Table 1). Samoan xenolithmeasurements that are plotted include the data shown in Fig.1 of Poreda and Farley (1992). The highest 3He/4He lavas
(24 and 34 Ra) fromOfu Island, Samoa exhibit neon isotopes that are indistinguishable from high 3He/4He lavas fromHawaii, Iceland and Galapagos. The EM2 lavawith high 87Sr/86Sr
(0.7186) and low 143Nd/144Nd (0.5123) from Samoa, ALIA-115-18 (2nd 40!), plots between the continental crust andMORB lines, consistentwith the hypothesis that the Samoan EM2
mantle hosts a component of recycled continental crust. References for the Iceland, Loihi andGalapagos lines are inTable 2. Data fromMoreira et al. (1998) are used to de!ne theMORB
line. The horizontal dashed line represents the solar 21Ne/22Ne value, as measured in present-day solar wind (Benkert et al., 1993); the horizontal solid line marks the Neon B
component, which is found inmeteorites and is an alternative starting composition for the Earth (e.g., Black,1972; Trieloff et al., 2000). The line for continental crust is from Ballentine
and Burnard (2002) and Ballentine et al. (2005).
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Table 1t1:1

Neon and helium data for magmatic phenocrysts (olivine and clinopyroxene) from Samoan lavas.
t1:2
t1:3 Sample ID Location Subaerial or

submarine?
Phase
analyzed

Abraded Mass 4He 3He cm3 STP/g 3He/4He 1" 20Ne 20Ne/
22Ne

1" 21Ne/
22Ne

1" 21Ne/
22Neextrap(g) (cm3 STP/g) (cm3 STP/g) (R/Ra) (cm3 STP/g)

t1:5 T25—1!a Ta'u Island Subaerial Olivine No 5.48E!09 5.42E!14 13.70 0.074 4.85E!12 10.42 0.06 0.0304 0.0005 0.038
t1:6 T25—10! Ta'u Island Subaerial Olivine No 1.75E!08 1.76E!13 13.92 0.102 1.47E!11 10.64 0.04 0.0320 0.0004 0.043
t1:7 T25—20!b Ta'u Island Subaerial Olivine No 2.25E!08 2.25E!13 13.87 0.116
t1:8 Total 1.85 4.55E!08 4.56E!13 13.87 0.106 1.96E!11 10.58 0.04 0.0316 0.0004 0.042
t1:9 T25—2!a Ta'u Island Subaerial Olivine Yes 6.18E!09 5.99E!14 0.13 13.42 4.57E!12 10.56 0.07 0.0322 0.0007 0.046
t1:10 T25—10!c Ta'u Island Subaerial Olivine Yes 1.79E!11 10.68 0.05 0.0315 0.0004 0.040
t1:11 T25—20! Ta'u Island Subaerial Olivine Yes 2.60E!08 2.50E!13 13.33 0.18 2.00E!11 10.63 0.04 0.0321 0.0004 0.044
t1:12 T25—40! Ta'u Island Subaerial Olivine Yes 2.08E!08 2.07E!13 13.77 0.18 1.01E!11 11.33 0.08 0.0345 0.0008 0.043
t1:13 Total 1.37 5.30E!08 5.17E!13 13.52 0.17 5.26E!11 10.78 0.05 0.0324 0.0005 0.043
t1:14 ALIA-115-18—1!a Savai'i Island dredge Submarine Cpx Nod 9.35E!10 3.51E!15 5.20 0.09 3.11E!12 9.39 0.15 0.0289 0.0014 0.030
t1:15 ALIA-115-18—40!(1st) Savai'i Island dredge Submarine Cpx Nod 1.94E!08 6.10E!14 4.35 0.04 3.68E!11 9.85 0.04 0.0317 0.0005 0.254
t1:16 ALIA-115-18—40!(2nd)a Savai'i Island dredge Submarine Cpx Nod 6.12E!09 2.05E!14 4.65 0.04 3.70E!12 10.23 0.22 0.0352 0.0016 0.087
t1:17 Total 0.54 2.65E!08 8.51E!14 4.45 0.04 4.36E!11 9.85 0.07 0.0318 0.0007 0.262
t1:18 ALIA-115-18—600 Ca Savai'i Island dredge Submarine Cpx Nod 5.23E!08 4.80E!15 0.13 0.00 1.97E!11 9.77 0.06 0.0297 0.0011 !0.077
t1:19 ALIA-115-18—1500 Ca Savai'i Island dredge Submarine Cpx Nod 7.93E!08 7.27E!14 1.27 0.01 1.50E!11 10.14 0.10 0.0367 0.0013 0.120
t1:20 Total 0.30 1.32E!07 7.75E!14 0.81 0.01 3.47E!11 9.93 0.08 0.0327 0.0012 0.142
t1:21 Ofu-04-03—1!a Ofu Island Subaerial Olivine Yes 3.50E!09 6.04E!14 23.87 0.19 5.74E!12 10.22 0.07 0.0303 0.0006 0.042
t1:22 Ofu-04-03—40! Ofu Island Subaerial Olivine Yes 2.70E!08 4.28E!13 21.92 0.33 2.19E!11 11.04 0.04 0.0318 0.0003 0.038
t1:23 Total 1.62 3.06E!08 4.89E!13 22.14 0.32 2.76E!11 10.87 0.05 0.0315 0.0004 0.038
t1:24 AVON3-78-1—1!a Malumalu Seamount

dredge
Submarine Olivine Yes 6.22E!10 3.91E!15 8.71 0.09 2.80E!12 9.72 0.07 0.0295 0.0006 0.005

t1:25 AVON3-78-1—40! Malumalu Seamount
dredge

Submarine Olivine Yes 1.80E!08 1.03E!13 7.92 0.08 7.67E!11 9.92 0.02 0.0293 0.0002 0.038

t1:26 Total 2.13 1.86E!08 1.07E!13 7.94 0.08 7.96E!11 9.91 0.02 0.0293 0.0002 0.039
t1:27 AVON3-68-3—1!a Vailulu'u Seamount

dredge
Submarine Olivine Yes 6.94E!10 5.31E!15 10.58 0.07 1.41E!12 9.10 0.14 0.0269 0.0010 0.041

t1:28 AVON3-68-3—40! Vailulu'u Seamount
dredge

Submarine Olivine Yes 1.01E!08 7.09E!14 9.73 0.07 1.66E!11 9.73 0.04 0.0289 0.0004 0.037

t1:29 Total 1.70 1.08E!08 7.62E!14 9.78 0.07 1.80E!11 9.68 0.05 0.0287 0.0004 0.039
t1:30 Ofu-04-06—1!a Ofu Island Subaerial Olivine Yes 2.19E!09 5.43E!14 34.30 0.17 2.97E!12 10.68 0.11 0.0323 0.0012 0.044
t1:31 Ofu-04-06—40! Ofu Island Subaerial Olivine Yes 2.99E!08 7.31E!13 33.82 0.16 4.98E!11 10.44 0.05 0.0301 0.0004 0.036
t1:32 Total 0.67 3.21E!08 7.85E!13 33.86 0.16 5.28E!11 10.45 0.05 0.0303 0.0004 0.037
t1:33 AVON3-71-2—1!a Vailulu'u Seamount

dredge
Submarine Olivine Yes 1.53E!09 1.04E!14 9.40 0.06 4.67E!12 9.67 0.10 0.0273 0.0007 0.081

t1:34 AVON3-71-2—40! Vailulu'u Seamount
dredge

Submarine Olivine Yes 1.18E!08 7.74E!14 9.10 0.05 2.36E!11 9.90 0.03 0.0296 0.0004 0.052

t1:35 Total 0.90 1.33E!08 8.78E!14 9.14 0.05 2.83E!11 9.86 0.04 0.0292 0.0004 0.043
t1:36 AVON3-74-1—1!a Ta'u Island dredge Submarine Olivine Yes 6.94E!10 9.85E!15 19.66 0.16 2.18E!12 9.97 0.15 0.0305 0.0014 0.065
t1:37 AVON3-74-1—40! Ta'u Island dredge Submarine Olivine Yes 9.28E!09 1.20E!13 17.86 0.09 2.78E!11 10.04 0.03 0.0295 0.0003 0.037
t1:38 Total 1.14 9.97E!09 1.30E!13 17.98 0.10 3.00E!11 10.03 0.04 0.0296 0.0004 0.039
t1:39 AVON3-77-9—1!a Vailulu'u Seamount

dredge
Submarine Olivine No 2.19E!10 1.71E!15 10.81 0.09 4.91E!12 9.83 0.07 0.0299 0.0008 0.131

t1:40 AVON3-77-9—40! (1st) Vailulu'u Seamount
dredge

Submarine Olivine No 5.61E!09 3.97E!14 9.80 0.10 8.51E!11 9.90 0.02 0.0294 0.0002 0.047

t1:41 AVON3-77-9—40! (2nd) Vailulu'u Seamount
dredge

Submarine Olivine No 3.47E!09 2.59E!14 10.33 0.07 3.38E!11 9.91 0.03 0.0295 0.0002 0.046

t1:42 Total 1.32 9.30E!09 6.74E!14 10.02 0.09 1.24E!10 9.90 0.03 0.0295 0.0002 0.048

Errors on individual measurements are propagated from in-run statistics. Clinopyroxene is abbreviated as cpx.
t1:43 a Corrections for blank and interferences from doubly charged CO2 and 40Ar exceeded 3%.t1:44

b Neon lost.t1:45
c Helium lost.t1:46
d Phenocrysts were not abraded, but they were cleaned in nitric acid, followed by rinsing in water and acetone.t1:47
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201 3. Results and discussion

202 Neon isotope measurements in ocean island basalts re"ect a mix-
203 ture of a mantle and air components (Sarda et al., 1988). Owing to very
204 low concentrations of neon, it is extremely dif!cult to measure neon
205 isotopes in magmatic phenocrysts. We employed a series of crushing
206 and measurement steps on each sample, with the strategy of
207 obtaining enhanced mantle signatures with further crushing; variable
208 degrees of crushing of a single sample often yield variable proportions
209 of mantle and atmospheric neon signatures. Nonetheless, many of the
210 samples in this study with the highest neon concentrations exhibited
211 neon isotope signatures that are similar to or indistinguishable from
212 atmospheric neon.

213 3.1. Helium measurements on Samoan magmatic phenocrysts

214 The variation of 3He/4He as a function of 4He concentrations in the
215 crushing and heating experiments is shown in Fig. 1 and Table 1. The
216

3He/4He ratios for the crushing experiments are similar to the pre-
217 viously published ratios on these same lavas (Workman et al., 2004;
218 Jackson et al., 2007a,b). As mentioned above, the abrasion experiment
219 on sample T25 yielded similar 3He/4He and 4He concentrations com-
220 pared to the unabraded olivines. ALIA-115-18 phenocrysts were the
221 only samples to undergo both heating and crushing experiments, and
222 the heating experiment yielded total 4He concentrations "5 times
223 higher than the crushing experiment. The high Th and U contents in
224 the basaltic host lava (Th=10.74

^
ppm and U=1.84 ppm; Jackson

225 et al., 2007a) suggest that implantation of 4He into the clinopyroxene,
226 due to in situ decay of U and Th in the groundmass, may be responsible
227 for the lower 3He/4He ("5 times lower) and higher 4He in the heating
228 experiments. This hypothesis is supported by the lower 3He/4He in the
229 heating steps. However, we cannot exclude the possibility that some
230 of the radiogenic helium in the heating experiments derives frommelt
231 inclusions, or from decay of Th and U hosted in the clinopyroxene.
232 Assuming that the U and Th concentrations in the clinopyroxenes are
233 0.06 and 0.6 ppm, respectively (values somewhat higher than mea-
234 sured in OIB-hosted clinopyroxenes by Hanyu and Nakamura (2000)Q6 ),
235 the clinopyroxeneswill have generated 1.3!10!7 cm3 4He STP/g since
236 eruption at 5.29

^
Ma(see 40Ar/39Ar age inKoppers et al., 2008). This 4He

237 value is similar to the total 4He released during the heating exper-
238 iments, and is consistent with a post-eruptive radiogenic ingrowth
239 origin for most of the 4He obtained by crushing. It is unclear if some
240 component of the post-erupted radiogenic ingrowth, as detected in the
241 heating experiments, has in"uenced (i.e., lowered) the 3He/4He ob-
242 tained by crushing. If so, then the 3He/4He of the crushing experiments
243 (4.35–5.20 Ra) may represent a lower limit to the 3He/4He in the host
244 mantle that gave rise to the ALIA-115-18 melt.
245 By contrast, all of the other samples analyzed in this study are from
246 the eastern Samoan volcanic province, the youngest portion of the
247 hotspot. (Ages for the eastern province volcanoes are inferred to be
248 b1 Ma, based on plate reconstruction using a Paci!c plate velocity of
249 7 mm/y

^
r and adopting Vailulu'u seamount as the current location of

250 the Samoanplume). Their young age, alongwith the relatively helium-
251 rich character of the olivines analyzed, ensures that post-eruptive
252 radiogenic ingrowth has minimally affected their 3He/4He.

253 3.2. New neon isotope measurements on Samoan magmatic phenocrysts

254 Table 1 shows that there are clear 21Ne/22Ne anomalies relative to
255 atmosphere, but there does not appear to be a relationship between
256

21Ne/22Ne-anomalies and neon concentrations. Of particular impor-
257 tance are the large 21Ne/22Ne anomalies observed in the crushing and
258 heating experiments fromALIA-115-18. The combined crushing exper-
259 iments for this sample show slightly higher concentrations of Ne than
260 the combined heating experiments, and the crushing experiments
261 also yielded higher 3He/4He ("4.4 Ra) and lower 4He than the heating

262experiments. While the neon given off in the most gas-rich crushing
263step (ALIA-115-18—1st 40!) could have inherited elevated 21Ne/22Ne
264by ingrowth of 21Ne since eruption, this is not indicated by the lower
265

4He concentrations and higher 3He/4He compared to the heating ex-
266periments. Correcting the 21Ne/22Ne ratios for post-eruptive nucleo-
267genic ingrowth of 21Ne (assuming that all of the 4He is produced by
268radiogenic ingrowth and assuming a 4He/21Ne production ratio of
2692.2!107; Yatsevich and Honda, 1997) shows that ingrowth is respon-
270sible for b10% of the total 21Ne/22Ne anomaly in experiment ALIA-115-
27118—1st 40!. Due to low 4He/21Ne ratios in this Ne-rich crushing ex-
272periment, the correction is relatively small, suggesting that the large
273

21Ne/22Ne anomaly in this experiment represents a mantle signature.
274We consider the 40

^
! crushing step to be the most reliable neon iso-

275topic determination. By contrast, the magnitude of the 21Ne/22Ne
276anomaly in the heating experiment with the largest 21Ne/22Ne anom-
277aly (ALIA-115-18 1500 °C) could be reduced by "30% when corrected
278for post-eruptive 21Ne ingrowth, owing to high 4He/21Ne ratios in the
279heating experiments. However, even after correction for post-eruptive
280nucleogenic 21Ne ingrowth, there is still ameasurable 21Ne/22Ne anom-
281aly in the 1500 °C heating experiment. It is possible that crushing
282experiments release helium and neon signatures indicative of the
283mantle values, while heating experiments may yield helium and neon
284isotope signatures that host a non-trivial component of post-eruptive
285radiogenic (nucleogenic) ingrowth. We note that there are still rel-
286atively fewneon data on this unusual sample and no equivalent data in
287the literaturewith which to compare. Additional work on similar lavas
288will be needed to con!rm the nucleogenic

21
Ne/22Ne observed in the

289ALIA-115-18 lava.
290The data given in Table 1 and presented in Fig. 2 show that pheno-
291crysts from all three subaerial lavas have the highest 20Ne/22Ne ratios.
292Compared to phenocrysts from subaerial samples, phenocrysts from
293the six submarine samples span awider range (both higher and lower)
294of neon concentrations. Nonetheless, at any given neon concentration,
295phenocrysts from the submarine samples exhibit lower 20Ne/22Ne
296ratios. For comparative purposes, sample T25 and AVON3-74-1 were
297collected from the same island, Ta'u. There are no equivalent data sets,
298and it is unclear if phenocrysts from submarine samples are generally
299more air contaminated compared to phenocrysts from samples col-
300lected on land. The air contamination mechanisms for basaltic pheno-
301crysts are dif!cult to quantify (Farley and Craig, 1994). However, it is
302counter-intuitive that the more rapidly quenched Samoan submarine
303lavaswould bemore affected byair contamination, perhaps suggesting
304that the contamination process is pre- or syn-eruptive.
305Datawith high signal intensities (N2000 cps of 20Ne, or N1!10!11

^
cc

306
20Ne in the mass spectrometer) obtained by crushing in vacuo are

307presented in a neon three-isotope plot in Fig. 3.Most samples (AVON3-
30874-1, AVON3-78-1, AVON3-77-9, AVON3-68-3, AVON3-71-2) exhibit
309neon isotope ratios that are similar to the atmospheric value and are
310not included in the following discussion. Crushes of olivine pheno-
311crysts from the two high 3He/4He lavas from Ofu Island, Ofu-04-06
312(40

^
!) and Ofu-04-03 (40

^
!), yielded suf!cient neon (4.98!10!11

^
cc

313
20Ne STP and 2.19!10!11cc 20Ne STP, respectively) for relatively reli-

314ablemeasurement. At 34 and 24 Ra, respectively, phenocrysts from the
315two Ofu lavas have the lowest 21Ne/22Neextrap values in this study, and
316also exhibit 21Ne/22Neextrap ratios that are as low as the least nucleo-
317genic values obtained on Samoan xenoliths (see Fig. 3) (Poreda and
318Farley,1992). In a three-isotope neonplot, bothOfumeasurements plot
319between the Galapagos, Iceland and Loihi lines, overlapping with all
320three at the 2" level. Due to the small sample sizes, the resulting
321uncertainties make it dif!cult to distinguish the Ofu mantle neon iso-
322topic composition from those of Iceland, Galapagos or Loihi. Ofu-04-
32306, the Samoan sample with the highest 3He/4He ("34 Ra), plots
324between the Iceland and Galapagos lines.
325The neon isotope measurements from Ta'u Island sample T25
326exhibit clear mantle signatures, and one crushing experiment yielded
327the highest 20Ne/22Ne in this study (11.33±0.08). Olivine phenocrysts
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328 from this sample have lower 3He/4He ratios ("13 Ra) than the Ofu
329 samples, and exhibit correspondingly higher 21Ne/22Neextrap values. In
330 a three-isotope neon plot, the Loihi-line appears to roughly divide the
331 data from sample T25 from the two Ofu lavas. However, owing to
332 measurement uncertainty, it is dif!cult to discriminate between the
333 Ofu and Ta'u data.
334 The Samoan lava with the lowest 3He/4He obtained by crushing
335 (4.35 Ra), sample ALIA-115-18 (2nd 40

^
!), has nucleogenic 21Ne/22Ne

336 and plots below the MORB line in a three-isotope neon plot. In fact,
337 neon data for this crushing experiment plot closer to the continental
338 crust line than the MORB line. This sample exhibits Sr, Nd and Pb
339 isotope ratios similar to the EM2 endmember, and has a whole rock
340

87Sr/86Sr ratio of 0.7186 (up to 0.7202 in clinopyroxene separates),
341 among the highest ever observed in an ocean island basalt (OIB)
342 (Jackson et al., 2007a). The elevated 21Ne/22Ne ratio for the most Ne-
343 rich experiment, ALIA-115-18 (2nd 40

^
!), does not appear to be a

344 result of post-eruptive nucleogenic ingrowth of 21Ne based on the
345 neon and helium concentrations, and the 4He/21Ne production ratio.
346 However, measurement uncertainties for this sample and other sam-
347 ples in this study are large, owing to low neon concentrations in mag-
348 matic phenocrysts, and further work on high 87Sr/86Sr Samoan
349 samples will be required to substantiate the nucleogenic neon in
350 the EM2 mantle.

351 3.3. Relationship between He, Ne and Nd isotopes in Samoan lavas

352 The relationship between helium and neon isotopes in Samoan
353 lavas is illustrated in Fig. 4.More radiogenic helium isotopes in Samoan
354 magmatic phenocrysts are associated with more nucleogenic 21Ne/
355

22Ne values, as expected from their commonproduction fromTh andU
356 decays. The correlation betweenHe andNe isotopes has been observed
357 in other OIB data sets (e.g., Moreira et al., 2001; Graham, 2002). The
358 Samoa trend is bracketed on one end by the lowest 4He/3He (highest
359

3He/4He),which plots in the same region ofHe–Ne isotope space as the

360high 3He/4He lavas fromHawaii, Iceland and Galapagos (see Table 2 for
361summary of He, Ne and lithophile radiogenic isotope data on lavas
362from other hotspots). The Ta'u lava with moderately radiogenic 3He/
363

4He ("13 Ra) plots in the !eld de!ned by lavas from Reunion,
364Kerguelen (Heard Island) and the Azores (Terciera Island), which
365also host moderately radiogenic helium isotopes (11–18 Ra). Although
366there are only a few data points, Ofu and Ta'u lavas form a trend in He–
367Ne isotope space toward a mantle component with radiogenic helium
368and nucleogenic neon (Fig. 4). Noble gas data alone do not clearly
369indicate which mantle component is an appropriate mixing end-
370member. However, it is clear fromHe and Ne data obtained on basaltic
371glasses from Pitcairn—the archetypal EMI (or enriched mantle 1)
372locality—that EM1 does not bracket the high 4He/3He and high 21Ne/
373

22Neextrap portion of the Ofu–Ta'u array (Honda andWoodhead, 2005).
374Helium and neon isotopes obtained on magmatic phenocrysts from
375Mangaia (Parai et al., 2008), an island with quintessential HIMU (high
376

235U/204Pb, or “hi-µ”) geochemical characteristics, lies on an extension
377of the array formed by the Ofu and Ta'u noble gas data, as does MORB.
378Given the fact that Samoa hosts the strongest EM2 component ob-
379served in the OIB mantle, this component would be an obvious choice
380for an endmember. However, noble gas data obtained on the Samoan
381EM2 lava, ALIA-115-18 (2nd 40!), do not permit simple calculation of
382a 21Ne/22Neextrap value, owing to the fact that, at the 2 sigma level,
383the 20Ne/22Ne ratio for this experiment may be lower than the value
384for air. Nonetheless, this sample clearly has coupled radiogenic He
385and nucleogenic Ne and we cannot exclude it as a possible mixing
386endmember for the Ofu–Ta'u array.
387Other isotopes can help constrain appropriate endmembers with
388radiogenic He and nucleogenic Ne that anchor the Ofu–Ta'u array. In
389an attempt to resolve the various mantle components, Fig. 5 shows
390available global Ne data (obtained from glasses and phenocrysts) and
391

143Nd/144Nd data, including data from high 3He/4He and moderately
392high 3He/4He hotspots (see Table 2 for Ne and Nd isotope compila-
393tion). A salient feature of the plot is that, when compared to high 3He/
394

4He lavas from Hawaii, Iceland and Galapagos, the high 3He/4He Ofu
395lavas are offset to lower (more enriched) 143Nd/144Nd ratios. In spite of
396this offset in 143Nd/144Nd, Ofu-04-06 has a 21Ne/22Neextrap value that
397falls squarely in the range of the Hawaii, Iceland and Galapagos data.
398While this Ofu lava also anchors the low 21Ne/22Neextrap portion of
399the trend formed by the Ofu and Ta'u lavas, it is clear that EM1, HIMU
400and MORB all fail to plot on an extension of the Ofu–Ta'u data trend.
401However, the composition of the Samoan EM2 lava does have nucleo-
402genic neon-isotope values coupled with unradiogenic 143Nd/144Nd,
403and is a candidate for the endmember anchoring the low 143Nd/144Nd
404portion Ofu–Ta'u trend.

4054.1. Recycled sediment in the Samoan EM2 mantle?

406Samoan sample ALIA-115-18 has Sr, Nd and Pb isotope ratios that,
407together with other lavas from the same submarine dredge, de!ne the
408EM2 endmember. Due to the extreme isotopic enrichment and unique
409trace element signatures, this lava was suggested to be a melt of a
410mantle source that hosts 5–6% recycled, continentally-derived marine
411sediment (Jackson et al., 2007a; Workman et al., 2008).
412The ALIA-115-18 lava has nucleogenic neon and unradiogenic
413

143Nd/144Nd compositions, a combination not observed in EM1, HIMU
414and MORB, but a feature that is typical of the continental crust. Thus,
415the nucleogenic neon in the extreme Samoan EM2 lava is consistent
416with a sediment component in the Samoan mantle. In a three-isotope
417neon plot, the ALIA lava plots closer to the “continent line” than the
418line de!ned by MORB lavas. Subduction zones may act as a barrier to
419the lighter noble gases (Staudacher and Allègre, 1988), and sediment,
420which is rich in Th and U, may be poor in He and Ne after subduc-
421tion zone processing. The high (Th

^
+U)/He and (Th

^
+U)/Ne ratios in

422recycled sediment will thus contribute extremely radiogenic helium
423and nucleogenic neon to the Samoan EM2 mantle. Further noble gas

Fig. 4. 4He/3He vs. 21Ne/22Neextrap measured in Samoan magmatic phenocrysts. Only
data with high signal intensities (N2000 cps of 20Ne, or N1!10!11 cc 20Ne in the mass
spectrometer) and neon isotopes with clear mantle signatures (20Ne/22NeN10 or 20Ne/
22NeN0.03 at the 2" level) are plotted, except for neon data for ALIA-115-18, which are
too nucleogenic to yield meaningful 21Ne/22Neextrap values. Previously reported neon
compositions for the mantle endmembers—HIMU (Parai et al., 2008), EM1 (Honda and
Woodhead, 2005), and MORB (e.g., Sarda et al., 1988)—are unsuitable as mixing
endmembers for the Ofu–Ta'u trend. Neon and helium data from other hotspots (e.g.,
Iceland, Galapagos, Samoa, Reunion, etc.) are obtained by measurements of glasses or
magmatic phenocrysts (see Tables 1 and 2 for values plotted). FOZO is de!ned by the
highest 3He/4He lavas from Hawaii, Iceland, Galapagos and Samoa. 21Ne/22Neextrap
values are provided by the following expression:

21Ne= 22Neextrap = !21Ne=22NeM!0:029" = !!20Ne=22NeM!9:8"= !13:8!9:8"" + 0:029;

where M signi!es “measured”, 13.8 is the solar 20Ne/22Ne ratio, and 0.029 and 9.8 are
the atmospheric ratios for 21Ne/22Ne and 20Ne/22Ne, respectively (Graham, 2002).
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Table 2t2:1

Estimated Ne, He, Sr, Nd and Pb isotopic compositions for high and moderately high 3He/4He OIB lavas, EM1, HIMU and MORB.
t2:2
t2:3 Location 21Ne/22Neext 3He/4He 4He/3He 87Sr/86Sr 143Nd/144Nd 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb

t2:4 (Ra)

t2:5 High 3He/4He (N30 Ra; FOZO) compositions
t2:6 Samoa (Ofu) 0.038 33.8 21,377 0.70458 0.51283 19.19 15.57 39.20
t2:7 Galapagos (Fernandina) 0.035 30.3 23,846 0.70329 0.51294 19.08 15.54 38.71
t2:8 Hawaii (Loihi) 0.040 32.3 22,370 0.70368 0.51295 18.45 15.48 38.19
t2:9 Iceland 0.038 37.7 19,166 0.70347 0.51297 18.65 15.47 38.45
t2:10

t2:11 Moderately high 3He/4He (11–18 Ra) compositions
t2:12 Reunion 0.042 13.6 53,128 0.70413 0.51284 18.88 15.59 38.96
t2:13 Kerguelen (Heard) 0.044 18.3 39,483 0.70486 0.51271 18.78 15.59 39.17
t2:14 Azores (Terciera) 0.052 11.3 63,942 0.70352 0.51296 19.88 15.63 39.31
t2:15

t2:16 Low 3He/4He (b10 Ra) compositions
t2:17 MORB 0.075 8 90,318 0.70283 0.51309 18.39 15.51 38.03
t2:18 Pitcairn (EM1) 0.034 9.3 77,693 0.70519 0.51248 17.45 15.46 38.99
t2:19 Samoa (Savai'i shield—EM2) See footnotea 4.4 166,102 0.71859 0.51231 18.96 15.64 39.40
t2:20 Mangaia (HIMU) 0.065 6.3 114,236 0.70284 0.51290 21.65 15.82 40.54

Xenolith data are not included, as the table shows magmatic phenocryst and glass data only.
t2:21 a Estimates in this table are based on sample suites where neon isotope data was obtained on magmatic glasses and phenocrysts. Sample suites where neon isotope data are

obtained on xenoliths are not considered here, owing to possible neon contamination from the depleted upper mantle. The Sr, Nd, Pb and He isotopic compositions of Samoa,
Galapagos, Hawaii, Iceland, Reunion, Kerguelen and Azores are for lavas with the highest 3He/4He from each location, and are taken from the compilation of Jackson et al. (2007b).
The Neon isotope data for Samoa are from this study, and use the 21Ne/22Neextrap value of Ofu-04-03 (40!), owing to its smaller measurement error and stronger mantle neon
signature than Ofu-04-06. The 21Ne/22Neextrap for the Galapagos is based on data from Fernandina lavas form Kurz et al. (2009). The 21Ne/22Neextrap for Hawaii is based on Loihi data
(see text for references). The 21Ne/22Neextrap for Iceland is based on the lava suites with the most unradiogenic Ne (see text for references), which also tend to have the least
radiogenic helium. The 21Ne/22Neextrap for Reunion is based onmeasurements fromHanyu et al. (2001); this data is supported by noble gas work on xenoliths as outlined in Hopp and
Trieloff (2005), Trielof et al. (2002), and Staudacher et al. (1990). Reunion has relatively homogeneous He-isotope compositions. The 21Ne/22Neextrap for Kerguelen is based on the Ne-
isotopemeasurements of high 3He/4He lavas fromHeard (Doucet et al., 2005). The 21Ne/22Neextrap value for the Azores is based onmeasurements of lavas from Terciera, and the 21Ne/
22Neextrap value is as suggested in Madureira et al. (2005).The Ne, Sr, Nd and Pb isotope data for Pitcairn are for sample 52-DS-1 from Honda and Woodhead (2005). 52-DS-1 has Sr,
Nd and Pb isotopes typical of the EM1 mantle endmember, and exhibits extremely unradioenic Ne. Sr isotopes exhibit a negative correlation with 21Ne/22Neextrap in Pitcairn (Honda
andWoodhead, 2005), supporting the contention that EM1 hosts extremely unradiogenic Ne isotopes. The He isotopes measured on this sample are quite radiogenic (b2 Ra), which
may owe to radiogenic ingrowth and low 4He concentrations in the glass analyzed. However, Pitcairn sample 49-DS-1 has similar Sr, Nd and Pb ratios, but higher 3He/4He and 4He
compared to 52-DS-1. Thus, the 3He/4He ratio of 49-DS-1 is adopted for the EM1 endmember. Higher 3He/4He ratios were reported in Pitcairn lavas (Honda and Woodhead, 2005;
Farley and Neroda, 1998), but these lavas have Sr–Nd–Pb isotopes that are less enriched than 52-DS-1 and plot farther from the EM1 endmember. The helium and neon isotopic
compositions of theMangaia suite are from Parai et al., (2009) Q1; the Sr, Nd and Pb compositions are an average ofMangaia data fromHauri and Hart (1993) andWoodhead (1996), and
are similar to the composition for the HIMU mantle endmember. The 21Ne/22Neextrap ratios exhibit a positive correlation with Pb-isotopes in the Cook–Australs (Parai et al., 2008),
supporting the contention that HIMU has nucleogenic Ne isotopes that are similar to (but slightly less nucleogenic than) MORB. The Sr, Nd and Pb isotope composition of MORB is
from the compilation of Su (2003), and is the average for all MORB segments. The Sr, Nd, Pb and He isotope composition of the Samoan submarine shield lava (ALIA-115-18) is from
Jackson et al. (2007a), and its composition is similar to the EM2 endmember; the neon isotope data for the Samoan EM2 sample is more nucleogenic than MORB, and simple
calculation of 21Ne/22Neextrap is not possible (and has little physical meaning) for this sample.t2:22

Fig. 5. 143Nd/144Nd is plotted against 21Ne/22Neextrap in Samoan magmatic phenocrysts. Only data with high signal intensities (N2000 cps of 20Ne, or N1!10!11 cc 20Ne in the mass
spectrometer) and neon isotopes with clear mantle signatures (20Ne/22NeN10.4) are plotted. Samoan neon data were obtained onmagmatic phenocrysts, and 143Nd/144Nd data were
obtained on leached whole rocks powders. The solar 21Ne/22Ne value is plotted on the margin of the !gure, but its 143Nd/144Nd is not speci!ed. See Tables 1 and 2 for values plotted.
Data from other hotspots are the same as in Fig. 4. FOZO is de!ned by the highest 3He/4He lavas from Hawaii, Iceland, Galapagos and Samoa.
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424 work on high 87Sr/86Sr Samoan samples will be necessary to constrain
425 the evolution of the EM2 mantle.

426 4.2. Relationship between Ne and Sr–Nd isotope systematics:
427 Implications for the evolution of the high 3He/4He mantle reservoir

428 Samoan high 3He/4He lavas from Ofu Island (up to 33.8 Ra) exhi-
429 bit 87Sr/86Sr (not shown) and 143Nd/144Nd enrichment relative to the
430 highest 3He/4He lavas from Hawaii (32.3 Ra), Iceland (37.7 Ra) and
431 Galapagos (30.3 Ra) (Fig. 5). Given the relatively large differences in
432 Sr and Nd isotopes ratios between Ofu and high 3He/4He lavas from
433 Hawaii, Iceland and Galapagos, it is surprising that Ofu has 21Ne/
434

22Neextrap values that are indistinguishable from the high 3He/4He
435 lavas from the other three hotspots. This result suggests that the
436 evolution of helium and neon in the high 3He/4He mantle (i.e., FOZO)
437 may not be coupled to the evolution of Sr and Nd isotopes. Although
438 this observation is based on very few measurements globally, it is
439 worth exploring the implications.
440 Any model for the Samoan He and Ne isotope data must explain
441 the relatively “enriched” Sr and Nd isotopes of the Ofu mantle (com-
442 pared to high 3He/4He mantle sample by lavas from Hawaii–Iceland–
443 Galapagos), coupled with relatively low time-integrated (Th

^
+U)/He

444 and (U
^
+Th)/Ne ratios. Short-cycling of sediment into the Samoan

445 mantle from the nearby Tonga-trench has been suggested as an
446 explanation for the enriched 87Sr/86Sr and 143Nd/144Nd isotope
447 signatures in the Samoan mantle (Farley, 1995). Over suf!ciently
448 short timescales, the short-cycled sediment would not contribute
449 signi!cant quantities of radiogenic 4He or nucleogenic 21Ne to the
450 mantle beneath Ofu. One problem with this model is that trace
451 elements in high 3He/4He Samoan lavas show nomore evidence for a
452 sediment component than do high 3He/4He lavas from Hawaii,
453 Iceland and Galapagos (Jackson et al., 2007b). Pb isotopes are also
454 inconsistent with a local sediment component in the Ofu mantle
455 (Jackson et al., 2007b). While the presence of ancient (not short
456 cycled; see Jackson et al., 2007a) recycled sediment is clear in the
457 Samoanmantle sampled by enriched, low 3He/4He EM2 lavas, it is not
458 present in many Samoan lavas, including the highest 3He/4He
459 samples from Ofu.
460 The “standard model” for the high 3He/4He, low 21Ne/22Neextrap
461 reservoirs in the earth holds that the low time-integrated (Th

^
+U)/He

462 and (U
^
+Th)/Ne relate to primitive, relatively undegassed reservoirs

463 deep in the earth that were left over from early planetary formation
464 processes. However, it is well known that lavas with high 3He/4He
465 ratios have 143Nd/144Nd and Pb-isotope ratios that are far fromputative
466 “primitive” chondritic bulk earth values, and the standard model has
467 fallen out of favor (Hart et al., 1992; Class and Goldstein, 2005, Parman
468 et al., 2005; Gonnermann and Mukhopadhyay, 2009).
469 However, the recent discovery that chondrites exhibit 142Nd/144Nd
470 "20 ppm higher than all measured modern terrestrial rocks (includ-
471 ing high 3He/4He lavas; Andreasen et al., 2008) suggest that modern
472 terrestrial rocks originate from a reservoir that had superchronditic
473 Sm/Nd during the lifetime of 146Sm (!rst few hundred million years
474 after accretion) (Boyet and Carlson, 2005). The implications for the
475 evolution of the high 3He/4He reservoir depend onwhether or not the
476 superchondritic Sm/Nd ratio is a characteristic of the entire planet
477 (i.e., bulk silicate earth [BSE] is not chondritic) or simply a feature of
478 a depleted reservoir that is the residue of early terrestrial differen-
479 tiation of a chondritic earth (Carlson and Boyet, 2009). Owing to the
480 observation that high 3He/4He lavas from Iceland, like all othermodern
481 terrestrial lavas, appear to have 142Nd/144Nd ratios that are higher than
482 chondrites (Andreasen et al., 2008), the high 3He/4He reservoir was
483 also derived from a high Sm/Nd reservoir. If BSE has elevated Sm/Nd
484 relative to chondrites, then the high 3He/4He mantle may in fact be
485 undifferentiated and primitive, as suggested by Kurz et al. (1982).
486 Alternatively, if BSE has chondritic Sm/Nd ratios, then the difference in
487

142Nd/144Nd between chondrites and modern terrestrial rocks sug-

488gests that all measured terrestrial rocks (including high 3He/4He lavas)
489originated from an early depleted reservoir with superchronditic Sm/
490Nd, and that this reservoir could have been formed as a depleted
491residue of an early, global terrestrial differentiation event within
49230 Myr of accretion (Boyet and Carlson, 2005; Boyet and Carlson,
4932006).
494If Samoa and the other high 3He/4He OIB data are to be explained
495by either model (an initially chondritic earth or nonchondritic earth),
496some process is required to modify Sr, Nd and Pb isotopes, without
497altering He and Ne, i.e. to explain Samoa. It is possible that Sr, Nd, and
498Pb isotopes in a deep, relatively undegassed reservoir are modi!ed by
499recycling processes (Brandon et al., 2007; Jackson et al., 2008), while
500the (Th

^
+U)/He and (U

^
+Th)/Ne are low enough to be unaffected by

501recycled material. For example, an eclogite processed in a subduction
502will lose much of its He and Ne, and may become depleted in the He
503and Ne-producing elements, U and Th. Such material might be incor-
504porated into a high 3He/4He, low

^
21Ne/22Neextrap reservoirwithout pro-

505ducing enough 4He and 21Ne to alter the isotopic compositions. An
506advantage of this model is that recent incorporation of recycled mate-
507rial might also explain why high 3He/4He lavas plot off the terrestrial
508Pb-isotope geochron.

5095. Conclusions

510The most isotopically-enriched (87Sr/86SrN0.718) Samoan lava
511(ALIA-115-18) has nucleogenic neon and the most radiogenic helium
512in Samoan lavas (4.45 Ra). In a three-isotope neon plot, the enriched
513Samoan lava plots between the lines de!ning the MORB and conti-
514nental crust reservoirs. This observation is consistent with the pres-
515ence of recycled, continentally-derivedmarine sediment in themantle
516source of the most enriched lavas from Samoa.
517By contrast, the lavas from Ofu have the highest 3He/4He in Samoa.
518The Ofu lavas have less depleted Sr and Nd isotopes than their coun-
519terparts from Hawaii, Iceland and Galapagos, yet they exhibit 21Ne/
520

22Neextrap values that are similar to thosemeasured in highest 3He/4He
521lavas from the other intraplate volcanic provinces. This suggests that
522there is some decoupling between the isotopes of noble gases and the
523more refractory radiogenic isotopes. The mechanism for this decou-
524pling is unknown, but may owe to recycling of subduction zone pro-
525cesses, He and Ne-poor (eclogitic?) material into the high 3He/4He
526mantle.
527Whether or not bulk silicate earth has chondritic Sm/Nd ratios
528has profound implications for the formation of the high 3He/4He, low
529

21Ne/22Neextrap reservoir in the Earth's mantle. If BSE has chondritic
530Sm/Nd, 142Nd/144Nd measurements indicate that the accessible man-
531tle is the residue of an early depletion event, and that the high 3He/
532

4He, low 21Ne/22Neextrap reservoir is derived from this depleted reser-
533voir. However, if BSE is not chondritic, constraints from 142Nd/144Nd
534may suggest that the high 3He/4He, low 21Ne/22Neextrap mantle is a
535largely primitive and undifferentiated reservoir that hosts a small
536contribution of recycled material.
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