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[1] The submarine Amsterdam-St. Paul (ASP) Plateau, bisected by the Southeast Indian Ridge (SEIR), is a
bathymetric high rising ~2 km above the surrounding seafloor that includes the islands of Amsterdam and
St. Paul; this excess volcanism is attributed to a mantle hot spot. We obtained new Sr, Nd, and Pb (n=37) and
He isotopic (n = 10) ratios for basalt glasses from 11 SEIR segments on and adjacent to the plateau and from
three seamounts on the plateau. The results show systematic spatial variations in these isotopic ratios that
correlate with physical segmentation of the ridge. Specifically, lavas from the four ridge segments on the ASP
Plateau have higher °*Pb/°**Pb at a given 206Pb/***Pb than SEIR basalts distant from ASP Plateau.
Surprisingly, lavas from the ridge segment 100 km north of the ASP Plateau are distinguished by the most
radiogenic 2°°Pb/2**Pb (up to 19.4) and highest *He/*He ratios (up to 14.1 R,). These are characteristics of
lavas erupted at Amsterdam and St Paul Islands. The isotopic data for SEIR basalts erupted on or adjacent to the
ASP Plateau provide equivocal evidence for a mantle component derived from the distant Kerguelen hot spot.
Overall, the Pb-Nd-Sr-He isotope variations within this data set are explained well by three mantle end-
members: (1) depleted mantle having relatively low *°°Pb/***Pb and *’St/*®Sr and high '**Nd/'**Nd, which has
been variably mixed with (2) material having relatively high ***Pb/***Pb and *’St/*°Sr and low '**Nd/'**Nd, a
signature commonly ascribed to detached or eroded metasomatized continental lithosphere, and (3) hot spot—
related mantle having elevated *He/*He and *°°Pb/***Pb but intermediate *’St/*°Sr and '**Nd/'**Nd, similar to
the common or C material observed in hot spots globally. These results suggest either that the ASP hot spot is
isotopically heterogeneous or that the shallow mantle or lithosphere beneath the ASP Plateau contains more
continentally derived material than the SEIR mantle >500 km away. Perhaps, like the 39°—41°E section of the
Southwest Indian Ridge, beneath the ASP Plateau there are rafts of continental material stranded within a local
“tectonic corridor,” possibly present since the opening of the Indian Ocean basin.
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1. Introduction

[2] Numerous studies have investigated the inter-
action between mid-ocean ridges and nearby hot
spots using geochemical data [e.g., Schilling, 1985;
Schilling et al., 1985; Dosso et al., 1999; Douglass
et al., 1999; Maia et al., 2001; Detrick et al., 2002;
Kingsley et al., 2007]. Recent work has empha-
sized the importance of understanding how mantle
heterogeneity, mantle flow direction and magma
flux modulate the geochemical signals observed
along ridge axes during hot spot—ridge interaction
[e.g., Ito et al., 2003; Blichert-Toft et al., 2005].
Isotopic ratios of Pb, Sr, Nd and He are particularly
useful for studying the evolutionary history of hot
spot—ridge interactions because these ratios in mid-
ocean ridge basalt (MORB) distant from hot spots
differ significantly from the same ratios in hot spot—
related, ocean island basalt (OIB) [e.g., Hofmann,
2004].

[3] The Southeast Indian Ridge (SEIR) is the
longest spreading axis in the Indian Ocean, stretch-
ing from the Indian Ocean Triple Junction (25.6°S,
70°E) through the Australian—Antarctic Discor-
dance (50°S, 120°E) to the Macquarie Triple Junc-
tion in the southwest Pacific Ocean at ~62°S,
160°E (Figure 1). This ridge has interacted during
the last 40 million years with two hot spots,
Kerguelen and Amsterdam/St. Paul [e.g., Doucet
et al., 2004]. Parts of the SEIR migrated over the
Kerguelen hot spot, currently represented by the
Kerguelen Archipelago and Heard and McDonald
Islands, at about 40 Ma when Broken Ridge was
separated from the Kerguelen Plateau (Figure 1)
[Mutter and Cande, 1983; Tikku and Cande, 2000].
Presently the SEIR bisects the Amsterdam-St. Paul
(ASP) Plateau (Figures 1 and 2). On the basis of
isotopic data for the two islands on the ASP
Plateau, Amsterdam and St. Paul, the isotopic

characteristics of the ASP hot spot vary with
location [Doucet et al., 2004]; therefore basalt from
specific SEIR segments on or adjacent to the ASP
Plateau may be isotopically distinct.

[4] The Boomerang 06 cruise of the R/V Melville
mapped ~1630 km of the SEIR and sampled (by
dredging and wax coring) 11 ridge segments, with
nearly one sampling site per 10 km of ridge on the
plateau and one per 14 km from ridge segments
adjacent to the plateau [Graham et al., 1999]. This
study presents Sr, Nd and Pb isotopic ratios for
37 basalt glasses recovered from the Southeast
Indian Ridge between 32°S, 77°E and 43°S, 88°E
and from the ASP Plateau (Figure 2). Also, we
present new He isotopic data for 10 samples to
complement the existing database (n =41 [Graham
et al., 1999; Burnard et al., 2002]). A major result
is that each ridge segment, or in some cases
contiguous segments, has distinctive isotopic char-
acteristics. Comparisons of our isotopic data with
previous results for Amsterdam and St. Paul
Islands [Doucet et al., 2004] reveal that the ASP
hot spot exerts considerable influence on the sub-
ridge mantle for a lateral distance of ~300 km.
Specifically, isotopic characteristics associated
with mantle plumes, such as high *He/*He, occur
on the ASP Plateau and along the axial ridge
segment immediately north of the plateau, whereas
a low 2°°Pb/***Pb and relatively high *°*Pb/*°°Pb
isotopic signature is restricted to the plateau.

2. Geologic Setting

[s] Spreading along the central and eastern SEIR
initiated approximately 83 million years ago fol-
lowing ~13 million years of crustal extension
between East Antarctica and southern Australia
[Cande and Mutter, 1982; Veevers, 1986; Powell
et al., 1988]. The earliest identified magnetic

2 of 24



Geochemistry

Geophysics
Geogys){ems

NICOLAYSEN ET AL.: AMSTERDAM/ST. PAUL HOT SPOT

10.1029/2006GC001540

105

ansf

s

50°5

[ S S S M AT A

aneF AN RNF T

Figure 1.

o - Ho=

RN=F ansF ANN°F 11n°F 1205

Map of the eastern Indian Ocean showing the Southeast Indian Ridge (SEIR) and the Kerguelen Plateau.

Ninetyeast and Broken Ridges formed a contiguous part of the Kerguelen Plateau until the northwest propagating
SEIR intersected the plateau at ~40.1 Ma [Tikku and Cande, 2000; Cande and Kent, 1995]. The Amsterdam-St. Paul
(ASP) Plateau is located on the northwestern margin of a prominent U-shaped curve in the Southeast Indian Ridge.

anomaly is C34 (~83 Ma) [Cande and Kent, 1995],
and the initial spreading rate was slow, ~5 mm/yr
[Cande and Mutter, 1982; Mutter et al., 1985].
Approximately 40 million years ago the spreading
rate increased to ~22 mm/yr and the SEIR inter-
sected and split Broken Ridge from the Kerguelen
Plateau [e.g., McKenzie and Sclater, 1971; Tikku
and Cande, 2000]. Presently the SEIR is ~1150 km
northeast of the Kerguelen Plateau (Figure 1). The
full spreading rate is 63 to 65.5 mm/yr near the ASP
Plateau [Conder et al., 2000] and 70—75 mm/yr
southeast of 88°E [Sempéré and Cochran, 1997].
Because the Antarctic plate moves relatively slowly
in the hot spot reference frame, the ridge is migrating
northeastward at a rate of ~32 mm/yr [Conder et al.,
2000]. The 11 ridge segments between 77° and 88°E
(Figure 2) that are the focus of this study are
designated F through L using the nomenclature of
Royer and Schlich [1988] and Scheirer et al.
[2000].

[6] From ~77° to 79°E, the SEIR has a prominent
U-shaped bend convex to the southwest (Figures 1
and 2), and this geometry has persisted since a
ridge jump toward the Kerguelen hot spot shortly
after the ridge propagated through the Kerguelen
Plateau at ~40 Ma [Miiller et al., 1998]. The ASP

Plateau on the western limb of the U-shaped offset is
an ~30,000 km? area of shallow bathymetry, <2300 m
water depth, rising ~2 km above the surrounding
seafloor (Figure 3a). Between segments H and 11,
the Amsterdam transform fault defines the northern
margin of the plateau (Figure 2), whereas the south-
ernmost ridge segments on the plateau (J1 and J2)
are overlapping strands that show a gradual change
to greater water depths on the southern margin
(Figure 3a) [Scheirer et al., 2000].

[7] The plateau includes the volcanic islands of St.
Paul and Amsterdam [Doucet et al., 2004] and
several seamounts, including St. Pierre and Boo-
merang Seamount (Figure 2). Hot spot volcanism
of the ASP Plateau initiated less than 5 million
years ago on the basis of the age of seafloor
surrounding the plateau [Scheirer et al., 2000].
Subaerial lavas from Amsterdam are less than
0.7 Ma [Gunn et al., 1971] although the most
recent paleomagnetic and argon geochronology
suggests ages of 26 = 15 and 18 £ 9 kyr [Carvallo
et al., 2003]. The breached caldera of St. Paul is
morphologically young and is most likely less than
0.5 Ma [ Watkins et al., 1974]. The islands are ~100
and 60 km, respectively, from the nearest ridge
segments and St. Pierre seamount is just east of St.
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