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Patagonia, in the Southern Andes, is one of the few locations where interactions between the oceanic 
and continental lithosphere can be studied due to subduction of an active spreading ridge beneath the 
continent. In order to characterize the noble gas composition of Patagonian subcontinental lithospheric 
mantle (SCLM), we present the first noble gas data alongside new lithophile (Sr–Nd–Pb) isotopic data 
for mantle xenoliths from Pali-Aike Volcanic Field and Gobernador Gregores, Southern Patagonia. Based 
on noble gas isotopic compositions, Pali-Aike mantle xenoliths represent intrinsic SCLM with higher 
(U+Th+K)/(3He, 22Ne, 36Ar) ratios than the mid-ocean ridge basalt (MORB) source. This reservoir shows 
slightly radiogenic helium (3He/4He = 6.84–6.90 RA), coupled with a strongly nucleogenic neon signature 
(mantle source 21Ne/22Ne = 0.085–0.094). The 40Ar/36Ar ratios vary from a near-atmospheric ratio of 
510 up to 17700, with mantle source 40Ar/36Ar between 31100+9400

−6800 and 54000+14200
−9600 . In addition, the 

3He/22Ne ratios for the local SCLM endmember, at 12.03 ± 0.15 to 13.66 ± 0.37, are higher than depleted 
MORBs, at 3He/22Ne = 8.31–9.75. Although asthenospheric mantle upwelling through the Patagonian slab 
window would result in a MORB-like metasomatism after collision of the South Chile Ridge with the Chile 
trench ca. 14 Ma, this mantle reservoir could have remained unhomogenized after rapid passage and 
northward migration of the Chile Triple Junction. The mantle endmember xenon isotopic ratios of Pali-
Aike mantle xenoliths, which is first defined for any SCLM-derived samples, show values indistinguishable 
from the MORB source (129Xe/132Xe = 1.0833+0.0216

−0.0053 and 136Xe/132Xe = 0.3761+0.0246
−0.0034).

The noble gas component observed in Gobernador Gregores mantle xenoliths is characterized by 
isotopic compositions in the MORB range in terms of helium (3He/4He = 7.17–7.37 RA), but with 
slightly nucleogenic neon (mantle source 21Ne/22Ne = 0.065–0.079). We suggest that this MORB-like 
metasomatism was capable of overprinting the noble gas composition of Gobernador Gregores due to 
recent metasomatism of the SCLM because of asthenospheric mantle upwelling in response to opening 
of the Patagonian slab window. The 40Ar/36Ar ratios vary from a near-atmospheric ratio of 380 up to 
6560, with mantle source 40Ar/36Ar between 8100+1400

−700 and 17700+4400
−3100. The lower 40Ar/36Ar ratio of the 
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Gobernador Gregores mantle source, compared with that of Pali-Aike, attests that the Patagonia SCLM 
was affected significantly by atmospheric contamination associated with the recycled oceanic lithosphere.

© 2016 Elsevier B.V. All rights reserved.
1. Introduction

Ultramafic mantle xenoliths that are derived from wedges over-
lying subduction zones associated with ridge subduction and slab 
window formation are very rare. Patagonia, the southernmost por-
tion of South America, is one of the few locations where active 
subduction of a spreading ridge occurs and its effects on ridge axis 
magmatism can be investigated. Since the middle Miocene, the 
Chile active spreading ridge has been subducting beneath South 
America, resulting in a slab-free zone, or slab window, through 
which asthenospheric mantle can flow. Thus, the collision of the 
Chile Ridge against the Chile trench offers an opportunity to inves-
tigate the composition of the subcontinental lithospheric mantle 
(SCLM) in this particular geological setting, which is represented 
by mantle xenoliths, and the influence of the shallow astheno-
spheric mantle beneath the Andean continental back-arc region.

Abundant spinel- and/or garnet-bearing xenoliths hosted by 
intraplate alkaline basalts, found in the Pali-Aike Volcanic Field 
(PAVF) and Gobernador Gregores (GG), provide invaluable infor-
mation about the nature of southern Patagonian SCLM evolution. 
Subcontinental mantle xenoliths often have small quantities of no-
ble gases trapped in fluid inclusions (e.g., Gautheron et al., 2005); 
however, these gases are powerful tracers of the mantle sources. 
Although the noble gas isotopic ratios of mid-ocean-ridge basalts 
(MORBs) and ocean island basalts (OIBs) are relatively well defined 
(e.g., Sarda et al., 1988; Moreira et al., 1998; Trieloff et al., 2000;
Mukhopadhyay, 2012), the composition of the SCLM source re-
mains poorly understood. This limitation is enhanced by the sig-
nificant contribution of an air-like component to the noble gas 
composition of mantle-derived xenoliths. This complicates the 
characterization of the mantle endmember composition because 
these rocks generally display a binary mixture between a mantle-
derived and an atmospheric component (e.g., Buikin et al., 2005;
Gautheron et al., 2005; Hopp et al., 2004).

In order to determine the noble gas composition of Patag-
onian SCLM at the latitude of the Austral Volcanic Zone (AVZ; 
49◦S–55◦S), we present the first helium, neon, argon, krypton, and 
xenon isotopic ratios plus new lithophile isotopes (Sr–Nd–Pb) in 
the whole-rock and in mineral separates from anhydrous and hy-
drous peridotites.

2. Geological setting

Geodynamically, the Patagonian continental back-arc repre-
sents a complex region formed by several continental accretion 
events related to the subduction of different oceanic plates (e.g., 
Pankhurst et al., 2006), some of which contain seismic and aseis-
mic ridges (e.g., Chile Ridge and Juan Fernandez Ridge).

At present, the Patagonian western margin is characterized by 
the continuous subduction of the Nazca and Antarctic oceanic 
plates beneath the South American continental plate, resulting in 
the formation of the Andean volcanic arc. Approximately 16 Ma 
ago, the South Chile Ridge (SCR) collided with the Chile trench 
at the latitude of Tierra del Fuego (55◦S) and formed a ridge–
trench–trench triple junction known as the Chile Triple Junction 
(CTJ; Cande and Leslie, 1986). This triple point has since migrated 
northward to its present position north of the Taitao Peninsula 
(46.5◦S). The subduction of four oblique active ridge segments 
that entered the trench at 12 Ma (SCR–2), 6 Ma (SCR–1), 3 Ma 
(SCR0), and 0.3 Ma (SCR1) resulted in a series of slab windows 
beneath the South American plate (e.g., Cande and Leslie, 1986). 
Subduction of these segments is associated with asthenospheric 
mantle upwelling and with the extensive eruption of plateau lavas 
from the late Miocene to the present (e.g., Gorring et al., 1997;
D’Orazio et al., 2000). The ultramafic xenoliths analyzed in this 
study (Supplementary Table S1) were sampled from the GG vol-
canic center (PM23; Fig. 1) and from PAVF (PM14 and PM18; 
Fig. 1).

Gobernador Gregores is located ∼400 km east of the Chile 
trench, at the southwest border of the Deseado Massif, and within 
the Meseta Central. The xenoliths were brought to the surface by 
Plio–Pleistocene alkaline basalts and hawaiites that form a post–
plateau sequence (ca. 3.5 Ma; Gorring et al., 1997). The samples 
studied here are spinel–bearing xenoliths with anhydrous or hy-
drous (amphibole ± phlogopite ± apatite) assemblages that locally 
contain glass. These samples are similar to those reported in pre-
vious studies (e.g., Gorring and Kay, 2000; Laurora et al., 2001;
Zaffarana et al., 2014).

Two different localities of PAVF (4500 km2; D’Orazio et al., 
2000) are considered in this study: 1) Laguna Ana (PM14) and 
2) Laguna Timone (PM18). PAVF represents the southernmost 
Patagonian plateau basalts in the Andean back-arc, located
∼400 km south of GG and east of the present day Chile trench 
(Fig. 1). PAVF is composed of more than 450 monogenetic vol-
canic centers composed mainly of alkaline basalts and basanites, 
with minor olivine basalts (e.g., D’Orazio et al., 2000). The xeno-
liths hosted by post–plateau alkaline basalts (3.78–0.17 Ma; e.g., 
D’Orazio et al., 2000 and references therein) are composed of 
spinel, spinel–garnet, and garnet harzburgites and lherzolites with 
hydrous phases such as amphibole and phlogopite (e.g., Stern et 
al., 1999; Gervasoni et al., 2012).

3. Analytical techniques

By using a heating method, noble gases were extracted from 
GG spinel peridotite samples and PAVF peridotite samples contain-
ing garnet and spinel or only spinel. Three whole-rock samples and 
at least one olivine sample containing the largest amounts of 4He 
between 1.3 × 10−6 and 5.3 × 10−5 cm3 STP/g, were selected from 
each locality to determine noble gas isotopic ratios by using the 
crushing method (Supplementary Tables S2–S3). Details of sample 
processing prior to noble gas analysis are described in the Supple-
mentary Material. The analysis was performed at the Geochemical 
Research Center, Graduate School of Science, University of Tokyo. 
Single step heating experiments were applied to derive helium, 
neon, and argon isotopic ratios in the whole-rock samples (∼0.5 g). 
All noble gas isotopic ratios (helium, neon, argon, krypton, and 
xenon) were obtained by stepwise crushing in a vacuum to release 
the noble gases trapped in fluid inclusions within the whole-rock 
and olivine (Supplementary Tables S2–S5). For the crushing exper-
iments, samples >1 g were crushed in a stainless-steel tube with 
a sequential number of strokes from a nickel piston driven from 
outside the vacuum by a solenoid magnet (Sumino et al., 2001). 
A variable number of strokes was applied to crush the samples, 
such as 100, 500, 1000, and 2000; the last was applied repeatedly 
if the sample had sufficient quantities of noble gases. The purifi-
cation, separation, and isotope ratio analysis procedures of noble 
gases extracted by single step heating or crushing are described in 
detail in the Supplementary Material. Based on the reproducibility 
of measurements of a Japanese helium standard (HESJ) and those 
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Fig. 1. Present-day tectonic setting of southern South America. Circles indicate the studied localities: Laguna Ana (PM14: 52◦04′34′′S; 69◦47′17′′W); Laguna Timone (PM18: 
52◦01′39′′S; 70◦12′53′′W); Gobernador Gregores (PM23: 48◦34′02′′S; 70◦10′59′′W).
of a calibrated air standard for other noble gases, the estimated 
experimental uncertainties for noble gas concentrations were 5% 
for helium and argon, and 10% for neon, krypton and xenon. Dur-
ing neon analysis, corrections for 40Ar++ on 20Ne+ and CO2

++
on 22Ne+ were applied following the method described by Osawa
(2004) and were determined to be <5%. Uncertainties assigned to 
the observed isotopic ratios were one standard deviation (1σ ), in-
cluding uncertainties of blank and mass discrimination corrections. 
Blanks were run by using the same procedure as that used for 
the samples. The heating blanks were: 4He = (2–4) × 10−11 cm3

STP, 20Ne = (1–9) × 10−12 cm3 STP, and 40Ar = (2–12) × 10−9 cm3

STP, and the crushing blanks were: 4He = (0.6–13) × 10−11 cm3

STP, 20Ne = (2–6) ×10−13 cm3 STP, 40Ar = (3–15) ×10−10 cm3 STP, 
84Kr = (0.4–3) × 10−14 cm3 STP, and 132Xe = (0.5–4) × 10−15 cm3

STP. Assuming the higher measured blank values obtained for he-
lium, neon, argon, krypton, and xenon, as well as eliminating the 
first and the last extraction steps of crushing strokes, we estimated 
their contributions in our data. For 4He, the blank contribution 
was <1% for both heating and crushing experiments. Excluding 
the samples that showed neon isotopic ratios indistinguishable 
from air, the blank contribution in the heating experiments was 
2–27%, whereas for crushing, the variation was 1–20% (with most 
<4%). For 40Ar, the blank contribution was <7% for both heat-
ing and crushing experiments. For 84Kr, the blank contribution in 
the crushing experiments was <5%. Finally, except for the sam-
ples having xenon isotopic ratios indistinguishable from air, the 
blank contribution in the crushing experiments was <4%. There-
fore, the measured blanks confirmed negligible noble gas contri-
butions from sources other than the sample aliquots.

The Sr–Nd–Pb isotopic ratios for seven whole-rock samples 
were measured at Laboratório de Geologia Isotópica, Universidade 
Federal do Rio Grande do Sul (UFRGS), Brazil. In addition, the 
Sr–Nd–Pb isotope compositions were measured on the separates 
of orthopyroxene, clinopyroxene, and phlogopite from the garnet-
spinel harzburgite PM18–17. Details of the sample dissolution and 
column separation followed by Sr–Nd–Pb isotope analysis are de-
scribed in the Supplementary Material. Replicate analyses of NBS–
987 and JNDI standards gave 87Sr/86Sr = 0.710254 ± 12 (n = 7, 
2σ ) and 143Nd/144Nd = 0.512101 ± 8 (n = 4, 2σ ). For Pb NBS–
981 and NBS–982, variation in the accepted values was less than 
0.01%/a.m.u.

4. Results

The results of noble gas isotope measurements by single step 
heating and stepwise crushing extraction methods for both locali-
ties (GG and PAVF) are presented in Supplementary Tables S2–S5.

4.1. Helium

The helium concentrations (4He) obtained by heating exper-
iments show a wide and variable range between 15–5300 ×
10−8 cm3 STP/g (PAVF) and 36–1210 × 10−8 cm3 STP/g (GG). He-
lium isotope ratio (3He/4He; in RA, where 1 RA corresponds to the 
atmospheric ratio of 1.4 × 10−6; Ozima and Podosek, 1983) ver-
sus total 4He concentrations of each sample analyzed by crushing 
(Fig. 2) also show a large variability in terms of 4He concentra-
tion, ranging from 36 to 1560 × 10−8 cm3 STP/g (PAVF) and from 
16 to 750 × 10−8 cm3 STP/g (GG). No significant change is noted 
in the 3He/4He ratios with an increasing number of strokes dur-
ing stepwise crushing (Fig. S1). The total 4He concentrations found 
in separated olivine crystals tend to show lower values than those 
obtained from whole-rock samples (Fig. 2 and Supplementary Ta-
ble S2).

4.2. Neon

Most neon isotopic data from both PAVF and GG are distinct 
from air (20Ne/22NeAIR = 9.80; 21Ne/22NeAIR = 0.0290; Ozima and 
Podosek, 1983), considering 1σ analytical uncertainties (Figs. 3 and 
S2). PAVF and GG peridotites are characterized by high 21Ne/22Ne 
relative to the MORB trend for a given 20Ne/22Ne, which indicates 
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Fig. 2. Relationship between 3He/4He (in RA, where 1 RA corresponds to the atmo-
spheric ratio of 1.4 × 10−6; Ozima and Podosek, 1983) and the total 4He concen-
tration (in 10−8 cm3 STP/g) obtained by crushing extraction. Uncertainties are 1σ ; 
only crushing experiments are reported. WR = whole-rock (PAVF = open square; 
GG = open circle), Ol = olivine (PAVF = grey square; GG = grey circle).

endmembers more nucleogenic than a global MORB source. The 
mixing lines between a mantle endmember and atmospheric com-
position define MORB-like and more nucleogenic mantle reservoirs 
in the neon three-isotope diagram (Figs. 3 and S2). It is important 
to note that coupled crushing/heating experiments carried out on 
samples from PAVF showed similar results for neon (Fig. 3A and 
Supplementary Tables S2–S3). Therefore, we adopted all heating 
and crushing experiments to constrain the PAVF noble gas mantle 
source. However, except for samples PM23–1, PM23–11, PM23–14, 
and PM23–32, anomalous heating neon data from GG were ob-
served. These results are not considered for further discussion 
because of in situ nucleogenic production by reaction of alpha-
particles produced from the decay of U- and Th-series elements 
with oxygen in the mineral lattice was possible.

Well-defined linear trends in the neon three-isotope diagram 
(Figs. 3 and S2) were used to extrapolate the mantle source 
21Ne/22Ne (hereafter referred to as 21Ne/22Ne(E)) of each stud-
ied mantle xenolith at 20Ne/22Ne = 12.5 (Ne–B; Trieloff et al., 
2000) with high reliability. The extrapolated 21Ne/22Ne ratios were 
determined by x and y error weighted least squares regression 
forced through the atmospheric composition [y = a0(x − 0.029) +
9.8]. Mantle xenoliths from PAVF show a 21Ne/22Ne(E) ratio, cor-
rected for atmospheric contamination, ranging from 0.085 ± 0.001
(PM18–35WR) to 0.094 ± 0.003 (PM14–15Ol) and PAVFAVERAGE
of 0.090 ± 0.002. As an exception among PAVF samples, sample 
PM14–4 shows a low 21Ne/22Ne(E) value of 0.071 ± 0.001. Con-
versely, the GGAVERAGE is characterized by 21Ne/22Ne(E) = 0.077 ±
0.001 whereas the sample PM23–1 shows the lowest 21Ne/22Ne(E)
value among all samples, at 0.065 ± 0.002. The extrapolated 
21Ne/22Ne ratios of the PAVF samples are significantly more nu-
cleogenic than MORB (21Ne/22Ne(E) = 0.060; Sarda et al., 1988;
Moreira et al., 1998), European SCLM (21Ne/22Ne(E) = 0.071; Buikin 
et al., 2005), and Mangaia HIMU (21Ne/22Ne(E) = 0.077; Hanyu et 
al., 2011) endmembers. Based on this comparison, it is possible to 
conclude that PAVFSCLM is characterized by neon that is far more 
nucleogenic than the previously defined endmembers.

The trend of one exceptional sample from GG (PM23–1) is in-
distinguishable from that of NCR MORBs (21Ne/22Ne(E) = 0.063; 
Fig. 3. Neon three-isotope diagram showing all individual single step heating and stepwise crushing results of PAVF and GG that differ from air with analytical uncertainties 
of 1σ . In some cases, the uncertainties are smaller than the symbol size. We calculated the trend line by applying data regression including an air data point and using 
uncertainties as weight. Well-defined lines by the data in (A)–(D) indicate a mixing of air with each mantle component, (A) for local SCLM, (B) for sample PM14–4, (C) for 
GGAVERAGE, and in (D) for local MORB-like component (equivalent to NCR) observed in sample PM23–1. The data in (B) and (C) deviate from the lines defined by data in (A) 
and (D), indicating that their mantle components have distinctive compositions but can be accounted for by a mixing of the two endmembers, local SCLM and a MORB-like 
components. See text for references.
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Niedermann and Bach, 1998) considering the analytical uncertain-
ties; therefore, this sample represents a local MORB-like neon com-
ponent (Fig. 3D). Consequently, the other peridotites from GG, as 
well as sample PM14–4 (PAVF), can be accounted for by three-
component mixing between an atmospheric component and two 
mantle endmembers: MORB-like and a more radiogenic/nucle-
ogenic SCLM components (Figs. 3 and S2).

4.3. Heavy noble gases

The 40Ar/36Ar ratios obtained by heating and crushing extrac-
tions range from 380 to 4830 in GG and from 420 to 17700 in 
PAVF peridotites (Supplementary Tables S2–S3). The values close 
to the atmospheric ratio (296; Ozima and Podosek, 1983), par-
ticularly those from GG peridotites, indicate atmospheric contam-
ination. This probably occurred during exposure on the surface 
and/or could be associated with the recycled oceanic lithosphere 
in the Patagonian SCLM. The highest 40Ar/36Ar ratios determined 
in this study were obtained in sample PM14–4 (40Ar/36ArHEATING =
17700 ± 160; 40Ar/36ArCRUSHING = 16400 ± 120), which implies a 
relatively small contribution of atmospheric argon. Our results are 
similar to the highest 40Ar/36Ar values measured in a mantle xeno-
lith from European SCLM at 16200 ±200 (Buikin et al., 2005). How-
ever, all measured 40Ar/36Ar ratios are significantly lower than the 
highest 40Ar/36Ar ratio reported for mantle xenoliths from Saudi 
Arabia at 25590 ± 620 (Hopp et al., 2007), and those found in 
MORBs, which range from ∼28000 to 42000 (e.g., Moreira et al., 
1998; Tucker et al., 2012). Considering that 40Ar/36Ar ratios rep-
resent mixing between mantle sources and an atmospheric com-
ponent, we can infer the mantle source composition only by us-
ing neon–argon isotope correlations, which are presented in sec-
tion 5.3.

The krypton isotopic ratios determined by crushing experiments 
are listed in Supplementary Table S4. All measured isotopic ratios 
are indistinguishable from atmospheric compositions at analytical 
uncertainties of 1σ .

The xenon isotopic data were also obtained by crushing and 
are presented in Supplementary Table S5. Xenon isotopic ratios 
for some samples from GG (PM23–1 and PM23–32) and PAVF 
(PM14–4, PM14–15, PM18–23, and PM18–35) are clearly distin-
guishable from those of air with analytical uncertainties of 1σ
[129Xe/132XeAIR = 0.9832; 136Xe/132XeAIR = 0.3294; Ozima and Po-
dosek (1983)]. In the three-isotope diagram of 129Xe/132Xe versus 
136Xe/132Xe (Figs. 4 and S3), Patagonian mantle xenoliths define a 
correlation line indistinguishable from the mixing line between air 
and depleted MORB (e.g., Kunz et al., 1998; Tucker et al., 2012).

4.4. Sr–Nd–Pb isotopes

In this section, we report new Sr–Nd–Pb isotopic data and ra-
diometric ages for the same whole-rock suite and mineral sepa-
rates for which we have presented the noble gas data above (Sup-
plementary Table S6). The Sr–Nd–Pb isotopic compositions of both 
suites are highly similar, with 87Sr/86Sr = 0.702811–0.703259, 
143Nd/144Nd = 0.512847–0.512993, 206Pb/204Pb = 17.99–19.09. 
These results are in agreement with those previously reported 
by Stern et al. (1999), and Gorring and Kay (2000) for sam-
ples from the same localities. The Sr–Nd isotopic signature of 
PAVF and GG xenoliths requires a depleted component because 
they plot between Chile Ridge MORBs (Klein and Karsten, 1995;
Bach et al., 1996) and HIMU–OIBs (high 238U/204Pb; Fig. 5A). The 
lead isotope ratios for PAVF and GG overlap with the field of Chile 
Ridge MORBs (Klein and Karsten, 1995; Bach et al., 1996), with 
significantly lower 206Pb/204Pb ratios than the HIMU endmember 
(Fig. 5B). Our samples display some affinity to HIMU with re-
spect to noble gases as discussed in sections 5.1 and 5.2, such 
Fig. 4. Plot of 129Xe/132Xe versus 136Xe/132Xe ratios of total crushing for PAVF and 
GG peridotites. Data that differ by 1σ from atmospheric ratios are shown; uncer-
tainties are 1σ . WR = whole-rock (PAVF = open square; GG = open circle), Ol =
olivine (PAVF = grey square). See text for references.

Fig. 5. (A) 87Sr/86Sr versus 143Nd/144Nd and (B) 206Pb/204Pb versus 208Pb/204Pb iso-
tope variations of whole-rock and mineral separates from selected PAVF and GG 
peridotites. For comparison, data from HIMU (Hanyu et al., 2011, 2014), PAVF (Stern 
et al., 1999), GG (Gorring and Kay, 2000), and Chile Ridge MORBs [NCR from Bach 
et al. (1996) and SCR from Klein and Karsten (1995)] are also plotted. The mantle 
reservoirs are from Hart et al. (1992).

as slightly radiogenic helium and strongly nucleogenic neon. How-
ever, the less-radiogenic lead isotopic ratios than those observed in 
this mantle reservoir [e.g., 206Pb/204Pb > 20.5; Hanyu et al., 2014] 
serve as evidence against the contribution of this component in 
the SCLM beneath PAVF and GG (Fig. 5B).

Additionally, the formation age of phlogopite, which is a key 
mineral for determining the time of the metasomatic imprint and 
its potential association with geotectonic events, was calculated by 
using an Rb–Sr isochron including whole-rock, clinopyroxene and 
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Fig. 6. Rb–Sr mineral isochron for a garnet-spinel harzburgite from PAVF (PM18–17). 
The uncertainties are 1σ of the mean, corresponding to last digit of the 87Sr/86Sr 
ratio. The 1σ uncertainties are smaller than the size of the symbols.

phlogopite data of a PAVF sample (PM18–17). The obtained age is 
13.64 ± 0.83 Ma with initial 87Sr/86Sr = 0.702903 ± 0.000005 (2σ)

(MSWD = 1.16; Fig. 6). This age suggests concomitant formation of 
phlogopite with subduction and dehydration of the southeast ex-
tension of the Chile Ridge (SCR–3) ca. 14–13 Ma ago (e.g., Cande 
and Leslie, 1986; D’Orazio et al., 2000). It is unclear at present if 
the metasomatic event resulting in high (U + Th)/(3He, 22Ne) ratios 
of PAVF samples corresponds to or predates that constrained by 
the Rb–Sr system because unfortunately, the noble gas concentra-
tions of sample (PM18–17) were too low to constrain the mantle 
3He/4He and 21Ne/22Ne(E) features.

5. Discussion

5.1. Slab-derived metasomatism or in situ radiogenic/cosmogenic 
contributions on helium isotopes?

Post-eruptive processes that can affect the 3He/4He ratios are: 
1) cosmogenic 3He by 6Li(n, α)3H(β−)3He reaction, which is in-
duced by thermalized neutrons, resulting either from U–Th decay 
and subsequent (α, n) reactions within rocks or from secondary 
cosmic ray cascades in the atmosphere and in rocks; and 2) radio-
genic ingrowth of 4He by alpha decay of uranium and thorium. In 
order to separate a mantle fluid component from possible in situ 
radiogenic or cosmogenic contributions, results from both crush-
ing and heating experiments are compared. It is generally assumed 
that gas extracted dominantly from fluid inclusions by crushing is 
less affected by cosmogenic and radiogenic helium (3He and 4He, 
respectively), which occurs mainly in the mineral lattice, and only 
a small amount can be transferred to fluid inclusions. As a result, 
helium isotopic ratios observed in the heating experiments that 
are lower or higher than the range defined by using the crushing 
method likely reflect radiogenic 4He or cosmogenic 3He produc-
tion (e.g., Kurz, 1986). The observed 3He/4He ratios for PAVF and 
GG xenoliths obtained by heating extraction show significant dis-
persion (3.60–10.38 RA; Supplementary Tables S2–S3). On the con-
trary, when analyzed by crushing extraction, the 3He/4He ratios are 
uniform (3He/4HePAVF = 6.84–6.90 RA; 3He/4HeGG = 7.17–7.37 RA) 
(Figs. 2 and S1). Two samples of GG (8.18–8.36 RA) and eighteen 
samples of PAVF (7.10–10.38 RA) analyzed by heating have higher 
3He/4He ratios than those obtained by crushing (Supplementary 
Tables S2–S3). In contrast, all wehrlites (3.60–4.82 RA) and one 
lherzolite (5.45 RA; PM23–2) of GG analyzed by heating extraction 
show lower 3He/4He ratios than the range of GG samples obtained 
by crushing (7.17–7.37 RA; Figs. 2 and S1). To verify whether the 
lower 3He/4He ratios of some GG peridotites are related to the 
post-eruption production of 4He, we compare the 3He/4He ratios 
obtained by stepwise crushing and single step heating using sam-
ple PM23–34. This sample has a low 3He/4He ratio (4.18 RA) when 
analyzed by the heating method; however, when analyzed by the 
crushing method, it shows higher 3He/4He = 7.21 RA (Supplemen-
tary Tables S2–S3). These observations clearly indicate that helium 
is more affected by radiogenic 4He or by cosmogenic 3He in the 
matrix than that in the fluid inclusions. Therefore, in this study 
we assumed that the 3He/4He ratios obtained by crushing rep-
resent the SCLM beneath PAVF and GG. Moreover, no systematic 
difference in noble gas isotopes was found between olivine and 
the whole-rock samples analyzed by the crushing method, which 
indicates that our whole-rock results represent noble gas composi-
tions in the mantle source.

The representative 3He/4He ratios of the PAVF peridotites over-
lap the values defined around the world as SCLM (6.1 ± 2.1 RA; 
Day et al., 2015) and HIMU-like mantle source (3He/4He = 5–7 RA; 
e.g., Moreira and Kurz, 2001). However, the values obtained for GG 
peridotites overlap the field defined as global MORBs (8 ± 1 RA; 
Sarda et al., 1988; Moreira et al., 1998) and are similar to the North 
Chile Ridge (NCR) MORBs (7.77 ± 0.23 RA; Niedermann and Bach, 
1998).

In general, fluids and/or melts can be produced by dehydration 
and/or melting of the slab in the mantle beneath the subduction 
zone. Radiogenic helium with low 3He/4He, produced by the decay 
of uranium and thorium (and lithium), accumulates in sources of 
fluids/melts, such as sediments and altered oceanic crust. Sumino 
et al. (2010) reported that slab-derived, water-rich fluid trapped 
in mantle wedge peridotite just above the subducting slab ex-
hibits lower 3He/4He than the MORB source, because of radiogenic 
helium from the slab mixing with mantle-derived helium. In con-
trast, even the highest 3He/4He ratios from island arc segments, 
which contain a significant volume of subducting sediments and/or 
old oceanic crust (e.g., the Aleutian Islands and Izu–Mariana arc), 
are almost equivalent to that of MORB source mantle (Hilton et 
al., 2002). Low 3He/4He ratios typically found in arcs with thick 
continental crust are considered the result from crustal contami-
nation of helium at shallower depths (e.g., Hilton et al., 1993). This 
suggests that the radiogenic helium signature of slab-derived flu-
ids was diluted by mantle-derived helium during fluid migration 
in the mantle wedge. As a result, slab-derived helium has rarely 
been observed where subduction of thick continental crust/oceanic 
plateau is ongoing (Sumino et al., 2004 and references therein). 
Alternatively, the systematically lower 3He/4He values of SCLM 
than the MORB value are generally attributed to a higher (U +
Th)/3He ratio than the MORB source (e.g., Yamamoto et al., 2004;
Gautheron et al., 2005; Kim et al., 2005; Barry et al., 2015;
Day et al., 2015 and references therein). Although some of the low 
3He/4He ratios associated with extremely high concentrations of 
4He could have resulted from the addition of radiogenic helium 
accompanying slab-derived metasomatic fluids (Barry et al., 2015;
Day et al., 2015), the 4He concentrations of our xenoliths are not 
high and no clear relationship is noted between the 4He con-
centration and the 3He/4He ratio (Supplementary Table S2). This 
indicates an insignificant contribution of slab-derived radiogenic 
helium. Instead, the low 3He/4He ratios of peridotites from PAVF 
would have originated from time-integrated evolution in the SCLM 
containing a higher (U + Th)/3He ratio than the MORB source.

5.2. Helium–neon systematics

Because He–Ne isotope systematics are coupled (Honda et al., 
1993), the increase in 21Ne/22Ne should be associated with a de-
crease in 3He/4He because of constant 21Ne/4He production in 
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Fig. 7. 4He/3He versus 21Ne/22Ne(E) for Southern Patagonia peridotites. The 
21Ne/22Ne ratios were extrapolated to a mantle endmember value of 20Ne/22Ne 
= 12.5 (Trieloff et al., 2000). To avoid in situ produced radiogenic/nucleogenic 
and cosmogenic effects, as well as elemental fractionation, only crushed samples 
are considered. Thus, 4He/3He and 21Ne/22Ne(E) are the total crushing results for 
each sample that differ from air by 1σ . Uncertainties given correspond to 1σ . 
In some cases, uncertainties are smaller than the symbol size. The He–Ne rela-
tionship can be explained by the mixing lines between MORBs and the assumed 
local SCLM endmembers. Mixing lines are presented for r ranging from 1 to 5, 
where r = (3He/22Ne)SCLM/(3He/22Ne)MORB. For comparison, European SCLM (sam-
ple DW1; Buikin et al., 2005) and Mangaia HIMU (Hanyu et al., 2011) reservoirs are 
plotted.

the mantle (4.5 × 10−8; Yatsevich and Honda, 1997). Although 
the helium isotopic characteristics of PAVFSCLM, which is only 
slightly more radiogenic than the MORB source, suggests appar-
ent decoupling between the helium and neon isotope systemat-
ics, it can be accounted for by the higher 3He/22Ne ratio of the 
PAVFSCLM than the MORB source and other SCLMs. The 4He/3He 
and 21Ne/22Ne(E) isotopic ratios of GG and PAVF peridotites can 
be explained by a binary mixing hyperbola between MORB and 
an even more degassed SCLM (radiogenic/nucleogenic) components 
(Fig. 7). Here, we assume that local SCLM is represented by the 
data of PAVF mantle xenoliths (21Ne/22Ne(E) = 0.090; 4He/3He =
104000), as they are most radiogenic/nucleogenic among all sam-
ples, whereas the MORB sources used in the modeling are global 
(21Ne/22Ne(E) = 0.060; 4He/3He = 90000; Sarda et al., 1988;
Moreira et al., 1998) and NCR MORBs (21Ne/22Ne(E) = 0.063; 
4He/3He = 92000; Niedermann and Bach, 1998). The equation em-
ployed for the mixing hyperbola is from Hopp and Trieloff (2008), 
where a straight line indicates equal 3He/22Ne ratios [r = 1, where 
r = (3He/22Ne)SCLM/(3He/22Ne)MORB], whereas a hyperbolic mix-
ing line (r = 5) signifies different helium and neon contributions 
from each endmember.

In order to avoid the influence of shallow level air contami-
nation in the 3He/22Ne ratios (Supplementary Table S7), we cal-
culated a mantle source value in the studied xenoliths from the 
measured helium and neon isotope ratios following the method 
proposed by Honda and McDougall (1998) as follows:

3He/22Ne =
21Ne/22Ne(E) − 21Ne/22Ne(I)

4He/3He − 4He/3He(I)
× (4He/21Ne)∗production

For calculations, we used the 4He/3He and 21Ne/22Ne(E) ra-
tios of each sample, as well as (4He/21Ne)∗production of 2.2 × 107

(Yatsevich and Honda, 1997), the initial primordial composition of 
21Ne/22Ne (21Ne/22Ne(I) = 0.0313; Trieloff and Kunz, 2005) and 
4He/3He (4He/3He(I) = 6024 or 3He/4He(I) = 120 RA; Mahaffy et 
al., 1998). The uncertainties in 3He/22Ne were propagated from un-
certainties in 4He/3He and 21Ne/22Ne(E).

The 3He/22Ne values for the PAVFSCLM endmember show higher 
ratios (12.03 ± 0.15 to 13.66 ± 0.37) than those in the de-
pleted MORBs (3He/22Ne = 8.31–9.75; Tucker et al., 2012). The 
local MORB-like component, which exhibits an almost identi-
cal 21Ne/22Ne(E) ratio as that of NCR MORBs (Fig. 3D) in GG 
(PM23–1; 3He/22Ne = 8.39 ± 0.14), and sample PM14–4 (PAVF; 
3He/22Ne = 9.01 ± 0.17) shows values over the range of depleted 
MORBs; other samples from GG vary between 10.44 ± 0.11 and 
11.27 ± 0.12. The significantly higher 3He/22Ne ratios observed in 
the PAVFSCLM samples, compared with those in the MORB compo-
nent, may represent mantle heterogeneity.

Comparatively, even if the He–Ne component of PAVFSCLM is 
less radiogenic in helium isotopes, it is more nucleogenic in 
neon than Mangaia HIMU (4He/3He = 113200, 21Ne/22Ne(E) =
0.077; Hanyu et al., 2011), as well as than European (DW1 sam-
ple with 4He/3He = 120000, 21Ne/22Ne(E) = 0.070; Buikin et al., 
2005) and Arabic (SA86–121/1 sample with 4He/3He = 116000, 
21Ne/22Ne(E) = 0.070; Hopp et al., 2004) SCLMs (also see sec-
tions 4.2 and 5.1). Moreover, the calculated 3He/22Ne ratios for 
Mangaia HIMU (9.38), as well as for the European (7.47) and Ara-
bic SCLMs (7.74), are significantly lower than those found in the 
Patagonian SCLM. This suggests that the Patagonian SCLM experi-
enced a different evolution from a MORB source and other SCLMs. 
Our preferred model for explaining the higher 3He/22Ne ratios ob-
served in Patagonian SCLM is based on the greater compatibility 
of helium compared with neon, which resulted in an increase in 
the 3He/22Ne ratio of the mantle during depletion of these peri-
dotites due to melt extraction (e.g., Niedermann and Bach, 1998;
Hopp and Trieloff, 2008). Although it is not well experimentally 
constrained whether there is a clear difference in compatibility be-
tween helium and neon during melt extraction (e.g., Heber et al., 
2007), relative enrichment of helium to neon has been invoked to 
explain helium deficit of plume-derived magma (Hopp and Trieloff, 
2008). Considering that PAVF mantle xenoliths migrated back and 
forth between the lithosphere and asthenosphere by a few tens 
of kilometers over time (e.g., Stern et al., 1999), we suggest that 
these samples experienced low partial melting degree through a 
vertical delamination process. As a result, the neon isotopic ra-
tios could have been modified more readily than helium owing 
to the lower neon content in a previously degassed mantle reser-
voir. Thus, the 3He/4He ratios would decrease and 21Ne/22Ne ratios 
would increase in the residue after degassing.

Asthenospheric mantle upwelling through the Patagonian slab 
window would result in a slightly metasomatized PAVFSCLM with 
a MORB-like signature after collision of the SCR with the Chile 
trench ca. 14 Ma, which would imply less radiogenic/nucleogenic 
isotopic ratios of 4He/3He and 21Ne/22Ne. We suggest that this 
metasomatism was unable to completely overprint the noble gas 
composition of PAVF mantle xenoliths because of rapid northward 
migration of the CTJ. This is supported by the observation that 
most of the PAVF samples preserved the SCLM composition during 
mixing (Fig. 7). As an exception, sample PM14–4 plots along the 
hyperbolic mixing curve (r = 5) and shows helium isotopic ratios 
of the intrinsic SCLM, whereas their neon is affected by a MORB-
like component. This sample is significantly enriched in helium 
by a factor of more than 10 times that of neon (Supplementary 
Table S3). As shown above, the 3He/22Ne ratio of the SCLM end-
member is only approximately 40% higher than that of the MORB 
source. This indicates that the metasomatic input with MORB-like 
helium and neon isotopic compositions was paradoxically also en-
riched in helium derived from the SCLM. Although we have no 
convincing explanation for this particular sample at present, we 
speculate that complicated metasomatism processes resulted in a 
concentration of SCLM-type noble gases in a small proportion of 
the SCLM, especially highly diffusive helium followed by addition 
of MORB-like noble gases brought by the upwelling asthenosphere.

In contrast, the helium in SCLM was likely diluted or ho-
mogenized during the last 14 Ma (see details about the Rb–Sr 
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isochron in section 4.4) because it is more diffusive than neon and 
could therefore be easily homogenized. Similarly, PM23–1 (GG) 
xenolith data also plots along the same hyperbola (r = 5). How-
ever, this sample shows lower radiogenic/nucleogenic 4He/3He and 
21Ne/22Ne(E) isotopic ratios, suggesting that it is largely domi-
nated by a MORB-like component, especially when compared to 
NCR MORBs. Two samples from GG (PM23–32 and PM23–34) plot 
close to the mixing line between SCLM and MORB endmembers 
[(3He/22Ne)SCLM/(3He/22Ne)MORB = 1)], owing to the different con-
tributions of the MORB-like component in the Patagonian SCLM. 
Therefore, we argue that the less radiogenic/nucleogenic MORB-
like component identified in the GG samples could be explained 
by recent metasomatism of the SCLM from asthenospheric mantle 
upwelling in response to opening of the Patagonian slab window, 
which is a consequence of SCR subduction. Contrary to the find-
ings of Barry et al. (2015), that such metasomatic input of noble 
gases can be detected as absolute concentration enrichments, there 
is no systematic helium enrichment in the GG samples compared 
to the PAVF samples (Fig. 2). The concentrations of crush-released 
helium (Supplementary Table S2) range from 15% to 102% of those 
obtained after heating the same sample (Supplementary Table S3), 
suggesting that the noble gas concentrations in our samples are 
strongly controlled by the number density of fluid inclusions. Be-
cause the number density of the inclusions is not always depen-
dent on the metasomatic process, the absolute noble gas concen-
trations in our samples do not differ systematically between GG 
and PAVF.

5.3. Argon–neon systematics

In general, mixing between isotopic ratios with different de-
nominators is represented by hyperbolas. In Ar–Ne systematics, 
the curvature of the two endmembers hyperbola is defined by 
r = (36Ar/22Ne)A/(36Ar/22Ne)B (e.g., Hopp et al., 2007; Parai et al., 
2012). However, when the 36Ar/22Ne values of each sample ob-
tained by dividing their total 36Ar by total 22Ne concentrations 
are similar to the atmospheric ratio (18.7; Ozima and Podosek, 
1983) (see Supplementary Table S7), it is reasonable to assume lin-
ear mixing [(36Ar/22Ne)MANTLE/(36Ar/22Ne)AIR = 1] (Sumino et al., 
2006).

Except for samples PM14–4 (36Ar/22Ne = 3.29 ± 0.02) and 
PM23–1 (36Ar/22Ne = 9.96 ± 0.06), most xenoliths show similar 
36Ar/22Ne ratios to air (14.76 ± 0.09 to 25.56 ± 0.13) (Supple-
mentary Table S7). Thus, we restricted hyperbolic extrapolations 
to samples that differ significantly from air in terms of 36Ar/22Ne 
ratios, specifically PM14–4 and PM23–1 (Figs. 8 and S4).

In order to obtain the best-fit hyperbola reflecting two-
component mixing between air and mantle endmembers, we ap-
plied the approach proposed by Parai et al. (2012). This method 
consists of a total least-squares hyperbolic fit, where the fit process 
is based on chi-square statistics computed by using the orthogonal 
error weighted distances and a Markov Chain Monte Carlo (MCMC) 
optimization. This method uses a hyperbola with two free param-
eters to fit the data. The first describes the curvature of the model 
(r), and the second is the model value at a fixed value in the ab-
scissa (Neon–B 20Ne/22Ne = 12.5). Moreover, the model forces the 
best-fit hyperbola to pass through the atmospheric composition. 
In this modeling, as well as to determine the 36Ar/22Ne values, we 
used all argon isotopic data that correspond with the selected neon 
results. It should be noted that the two samples to which the hy-
perbola fitting were applied are also accounted for by a hyperbolic 
mixing in the He–Ne system (Fig. 7). Therefore it is speculated that 
noble gases in the mantle domains where these samples are de-
rived from might be fractionated during mixing between the local 
SCLM and MORB-like components resulting in different r values 
from those for other South Patagonian samples, MORBs, and Eu-
ropean SCLM (Figs. 8 and S4). Alternatively, because the observed 
36Ar/22Ne ratios of these samples are lower than the atmospheric 
value, the atmospheric contaminant could be highly fractionated to 
have lower 36Ar/22Ne ratio than the original value, which is similar 
to those observed in European SCLM (Buikin et al., 2005). However, 
there is no plausible explanation for the moment.

By extrapolating regression lines to Neon–B 20Ne/22Ne = 12.5, 
we found 40Ar/36Ar(E) ratios for intrinsic PAVFSCLM over a range 
of 31100+9400

−6800 to 54000+14200
−9600 (Figs. 8 and S4). This interval is in 

agreement with that proposed for European SCLM (40Ar/36Ar =
34000–52000; Buikin et al., 2005) and is substantially higher than 
the “popping rock” sample 2ΠD43 (25000; Moreira et al., 1998) 
and the MORB reservoir (41500 ± 9000; Tucker et al., 2012). In 
order to compare previous data with the best-fit hyperbola using 
our approach, we fitted the 40Ar/36Ar(E) to the “popping rock” sam-
ple (25700+1200

−1100; Moreira et al., 1998), sample DW1 from European 
SCLM (13400+4900

−2300; Buikin et al., 2005), and a depleted MORB sam-
ple RC28063D–2 (38600 ± 350; Tucker et al., 2012) (Fig. S4).

The high 40Ar/36Ar(E) observed in the Patagonian SCLM end-
member implies an even more degassed reservoir than a MORB 
source with a high K/36Ar ratio, accompanied by high (U +
Th)/(3He, 22Ne) isotopic ratios. However, the GG mantle xeno-
liths show 40Ar/36Ar(E) between 8100+1400

−700 and 17700+4400
−3100, which 

are lower than those observed in PAVF samples, implying a sig-
nificant contribution from atmospheric argon. This could indicate 
effective recirculation of atmospheric argon associated with re-
cycled oceanic lithosphere in the Patagonian SCLM, as observed 
in xenoliths from subduction zones (e.g., Matsumoto et al., 2001;
Kim et al., 2005; Sumino et al., 2010; Hopp and Ionov, 2011).

5.4. Xenon isotopes

The best-fit hyperbola for xenon mantle compositions was 
obtained by using the same approach for argon as described 
above (see section 5.3 for further details). Despite a limited num-
ber of data points, it was possible to extrapolate xenon iso-
tope ratios for samples PM14–4 (129Xe/132Xe(E) = 1.0833+0.0216

−0.0053; 
136Xe/132Xe(E) = 0.3761+0.0246

−0.0034) and PM14–15 (129Xe/132Xe(E) =
1.0556+0.0614

−0.0040; 136Xe/132Xe(E) = 0.3720+0.0401
−0.0056) (Figs. 9 and S5). It 

should be noted that this is the first SCLM xenon isotope composi-
tion defined from any mantle xenoliths. For consistent comparison, 
we applied the same approach again to fit the xenon isotopic 
composition of sample RC28063D–2, which was assumed to be 
representative of the depleted MORB mantle group (Tucker et al., 
2012). These extrapolations yielded a mantle source 129Xe/132Xe =
1.1156+0.0442

−0.0124 and 136Xe/132Xe = 0.3850+0.0156
−0.0061, which is consistent 

with the previously estimated values of 129Xe/132Xe = 1.1180 and 
136Xe/132Xe = 0.3851 (Fig. S5).

If the Patagonian SCLM experienced noble gas degassing and/or 
metasomatic uranium input, 129Xe/132Xe(E) would be lower than 
the MORB mantle whereas 136Xe/132Xe(E) would be higher be-
cause 132Xe and 136Xe are produced by spontaneous fission of 
238U with a higher 136Xe/132Xe ratio (ca. 1.7, Ozima and Podosek, 
1983) than the present-day MORB mantle value. Conversely 129I, 
the parent isotope of 129Xe, is extinct owing to its short half-
life (16 Ma), thus there is no more production of 129Xe. Alterna-
tively, if the Patagonian SCLM includes a subducted atmospheric 
influence, 129Xe/132Xe(E) and 136Xe/132Xe(E) would be lower than 
MORB values. However, we can infer that Patagonian SCLM shows 
at least a similar excess of 129Xe and 136Xe to that of the MORB 
reservoir because of the very limited number of samples yielding 
mantle xenon isotope ratios and the large uncertainties accompa-
nying the estimated ratio. The r values greater than unity indicate 
a higher 132Xe/22Ne ratio of the mantle endmember than that of 
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Fig. 8. Ar–Ne isotope systematics corrected for shallow-level air contamination. For each sample, stepwise crushing generates an array reflecting variable degrees of atmo-
spheric contamination. For samples with a well-defined mixing array, we calculated the best-fit to extrapolated mantle 40Ar/36Ar at 20Ne/22Ne = 12.5. In order to determine 
the mantle source 40Ar/36Ar, we applied two approaches (see text for more details). Grey lines show 100 models randomly sampled from the chi-squared distribution up to 
3σ from the best-fit model. It is also important to note that large uncertainties observed in extrapolated 40Ar/36Ar ratios are related to significant air contribution in both 
40Ar/36Ar and 20Ne/22Ne ratios, which fall rather close to the air.

Fig. 9. Xe–Ne mixing systematics for sample PM14–4. Best-fit hyperbolae for this sample yielded an extrapolated mantle 129–136Xe/132Xe(E) at 20Ne/22Ne = 12.5. See the 
text for approach to fit the xenon isotopic composition of our sample. Grey lines show 100 models randomly sampled from the chi-squared distribution up to 3σ from the 
best-fit model. Data that differ by 1σ from atmospheric ratios are shown and uncertainties are 1σ .
atmospheric component, which is in clear contrast to the Xe–Ne 
systematics observed in MORBs (Figs. 9 and S5). However, the 
observed 132Xe/22Ne ratios of these samples, 0.0014 for PM14–4 
and 0.0086 for PM14–15, are lower than that of unfractionated 
air at 0.014. This indicates the possibility that a fractionated at-
mospheric component mixed with an SCLM component indistin-
guishable from the MORB reservoir in terms of the 132Xe/22Ne 
ratio cannot be ruled out. Based on these results, we conclude 
that additional future measurements on these mantle xenoliths 
will be able to better constrain xenon ratios of the SCLM endmem-
ber.

6. Conclusions

We present the first noble gas data and new Sr–Nd–Pb isotopes 
of mantle xenoliths from the SCLM beneath southern Patagonia. 
Based on noble gas isotopic compositions determined by the step-
wise crushing method we conclude that:
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1) Heterogeneous SCLM beneath the PAVF and GG represents 
mixing between air and two mantle endmembers: one a degassed 
and depleted SCLM component with a radiogenic/nucleogenic com-
position and the other a MORB-like component.

2) Pali-Aike mantle xenoliths represent the intrinsic local SCLM 
reservoir with higher (U + Th + K)/(3He, 22Ne, 36Ar) ratios than the 
MORB source, which would have remained unhomogenized during 
the last 14 Ma, after the rapid passage and northward migration of 
the CTJ and its slab window. This mantle reservoir is characterized 
by slightly radiogenic 3He/4HeAVERAGE = 6.87 ± 0.04 RA, strongly 
nucleogenic mantle neon with a 21Ne/22Ne average of 0.090, and 
higher 3He/22Ne ratios (up to 13.66 ± 0.37) than depleted MORB 
source. The 40Ar/36Ar ratios vary from a near-atmospheric ratio of 
510 up to 17700, with 40Ar/36Ar(E) reaching 54000+14200

−9600 .
3) The less radiogenic/nucleogenic MORB-like component iden-

tified in the GG mantle xenoliths could be explained by recent 
metasomatism of the SCLM because of asthenospheric mantle up-
welling in response to the opening of the Patagonian slab window, 
which is a consequence of SCR subduction. These xenoliths are 
characterized by 3He/4HeAVERAGE = 7.24 ± 0.09 RA, and by slightly 
nucleogenic mantle neon with 21Ne/22Ne = 0.065. 40Ar/36Ar ra-
tios range between 380 and 6560 (usually less than 4000), with 
40Ar/36Ar(E) ranging between 8100+1400

−700 and 17700+4400
−3100. This in-

dicates that the mantle source of these rocks was significantly 
affected by atmospheric contamination, in terms of argon, asso-
ciated with recycled oceanic lithosphere.

4) The 129–136Xe/132Xe isotopic ratios that are distinguishable 
from air with analytical uncertainties of 1σ form a mixing line 
between the air and MORB endmembers with 129Xe/132Xe(E) =
1.0833+0.0216

−0.0053 and 136Xe/132Xe(E) = 0.3761+0.0246
−0.0034. This suggests 

that Patagonian SCLM shows, at least, a similar excess of 129Xe and 
136Xe to that of the MORB reservoir.
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