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[1] Peridotite xenoliths brought up to the surface by the volcanism of the Kerguelen Islands represent a
mantle that has been affected by a high degree of partial melting followed by intense melt percolation
above the Kerguelen plume. These xenoliths are therefore particularly suitable to investigate effects of
melt-rock interaction on crystallographic fabrics (lattice-preferred orientation (LPO)) of peridotite minerals
and on the LPO-induced seismic properties of peridotites above a mantle plume. We have studied a suite of
16 ultramafic samples representative of different degrees of partial melting and magma-rock interaction
among which the protogranular harzburgites are the least metasomatised xenoliths and dunites are the
ultimate stage of metasomatism. Olivine LPO is characterized by high concentration of [010] axes
perpendicular to the foliation and [100] axes close to the lineation or distributed in the foliation plane in
harzburgites, whereas the high concentration of [100] axes is parallel to the lineation and [010] axes is
perpendicular to the assumed foliation in dunites. Olivine LPO in harzburgites is interpreted as being due
to a deformation regime in axial compression or transpression. The fabric strength of olivine decreases
progressively from protogranular to poikilitic harzburgites and finally to dunites, for which it remains
nevertheless significant (J index � 3.8). Seismic properties calculated from LPO of minerals indicate that
metasomatism at higher melt/rock ratio lowers the P wave velocities. The most significant difference
between harzburgites and dunites corresponds to the distribution of S wave anisotropy. Harzburgites
display the maximum of anisotropy within the foliation plane and the minimum of anisotropy
perpendicular to the foliation plane, whereas the lowest anisotropy is parallel to the lineation for dunites.
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These modifications of seismic properties as a result of metasomatic processes may induce seismic
heterogeneities in the mantle above the Kerguelen plume. In addition, assuming a lithospheric mantle
primarily harzburgitic and structured with a horizontal foliation, the seismic properties calculated for the
Kerguelen xenoliths reconcile the rather high anisotropy evidenced by the horizontally propagating surface
waves with the apparent isotropy revealed by the absence of splitting of vertically propagating teleseismic
SKS waves recorded by the GEOSCOPE Kerguelen station.
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1. Introduction

[2] The Earth’s upper mantle is seismically aniso-
tropic. Studies of naturally and experimentally
deformed samples [e.g., Nicolas and Christensen,
1987; Mainprice et al., 2000] and numerical sim-
ulations [Tommasi et al., 1999; Kaminski, 2006]
demonstrate that the lattice-preferred orientation
(LPO or crystallographic fabric) of olivine crystals
induced by mantle flow is the main cause of the
observed seismic anisotropy. During plastic defor-
mation of peridotites, the [100] and [010] axes of
olivine tend to be preferentially aligned parallel to
the flow direction and normal to the flow plane,
respectively, in accordance with the dominant
activation of the (010)[100] slip system [e.g.,
Nicolas and Poirier, 1976]. Development of olivine
LPO induces seismic anisotropy in the lithospheric
mantle that may be further affected by reheating and
melt percolation within the upper mantle. Although
several studies have been devoted to examples
of lithosphere-asthenosphere interactions [e.g.,
Vauchez and Garrido, 2001; Tommasi et al., 2004;
Vauchez et al., 2005; Le Roux et al., 2007], the
effects of these processes on the fabric and the
seismic properties of mantle rocks are still not fully
understood.

[3] Recent petrophysical studies on peridotite sam-
ples suggest than the mineral LPO may be affected
by heating and partial melting (asthenospheriza-
tion) of the lithospheric mantle. For example, LPO
measured in samples from the ‘‘asthenospherized’’
domain of the Ronda massif subcontinental litho-
spheric mantle show a weakening of the fabric

strength [Vauchez and Garrido, 2001]. Moreover,
variations in LPO symmetry with depth and the
development of uncommon LPO patterns in xeno-
liths from the Labait volcano in the East African Rift
suggest an increasing activity of the (010)[001] slip
system [Vauchez et al., 2005]. Regarding the oce-
anic lithospheric mantle, LPO patterns of minerals
in peridotite xenoliths from the Southern Pacific
[Tommasi et al., 2004] appear little affected by melt
percolation processes. Themain variation ofmineral
LPO is a progressive weakening of the olivine LPO
in dunites and wherlites in which static recrystalli-
zation occurred [Tommasi et al., 2004]. On the other
hand, experimental work on the deformation of
partially molten mantle rocks under anhydrous
conditions [Holtzman et al., 2003] indicates that
significant changes of olivine LPO may take place
due to melt segregation and strain partitioning.
However, the impact of this change on a regional-
scale anisotropy is still discussed [Kaminski, 2006].

[4] In the last two decades, anisotropy, and partic-
ularly splitting of teleseismic shear waves such as
the SKS waves, has been widely used to measure
and constrain the active or frozen mantle flow and
tectonic processes at depth [e.g., Silver, 1996].
Indeed, anisotropy may be related to mantle defor-
mation since it results from strain-induced crystal
preferred orientations [Nicolas and Christensen,
1987; Babuska and Cara, 1992]. Polarized shear
waves (e.g., SKS, PKS. . .) traveling across a
deformed mantle split in two orthogonal waves
polarized in two orthogonal planes related to the
strain fabric. These two split waves propagate
through the anisotropic medium at different veloc-
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ities that depend on the birefringence generated by
the crystallographic fabric. This birefringence
depends both on the arrangement and degree of
the crystallographic axes concentration of the main
minerals in the rocks. These two split shear waves
are recorded at 3-components seismic stations and
are classically characterized by the orientation (f)
of the fast S wave polarization plane, and the delay
(dt) between the fast and slow split S wave arrivals.

[5] Whereas a large number of shear waves split-
ting measurements is available for various conti-
nental environments, the coverage is still sparse in
oceanic environments. In the Indian Ocean, most
of the oceanic stations have been described as
isotropic [Barruol and Hoffman, 1999] except
stations in the Seychelles [Barruol and Ben Ismaı̈l,
2001; Hammond et al., 2005]. At the difference,
shear wave splitting has been detected beneath
most stations located in the Pacific Ocean [Russo
and Okal, 1998; Wolfe and Silver, 1998; Fontaine
et al., 2007] except beneath Tahiti [Fontaine et al.,
2007] where two broadband and long-period per-
manent stations providing more than 15 years of
data did not provide any evidence of SKS splitting.
On the other hand, surface waves tomographies
performed in the Indian Ocean [e.g., Lévêque et al.,
1998; Debayle et al., 2005] or in the Pacific Ocean
[Montagner and Tanimoto, 1991; Maggi et al.,
2006] suggest that both oceanic basins are perva-
sively anisotropic at both lithospheric and astheno-
spheric depth. To better understand why some
oceanic domains are apparently isotropic for SKS
waves and anisotropic for horizontally propagating
surface waves, we performed a detailed study of
the petrography, geochemistry and petrophysical
characteristics of upper mantle rocks brought up to
the surface by the Kerguelen volcanism. Indeed,
more constraints are needed to discuss mantle
processes and dynamics from seismic anisotropy
observations.

[6] The Kerguelen Islands result from a particular
geodynamic history above the long-lived Kergue-
len plume. They started to form about 42 Ma ago
when the Kerguelen plume was located beneath or
near the South East Indian Ridge (SEIR), whereas
it is currently in an intraplate position in the
Antarctic plate [Gautier et al., 1990; Giret, 1993]
(Figure 1). Ultramafic xenoliths brought up to the
surface by alkaline magmas of the Kerguelen
Islands are predominantly spinel harzburgites and
dunites. These rocks represent a lithospheric man-
tle that underwent a significant degree of partial

melting followed by the percolation of large vol-
umes of magma above the Kerguelen plume. The
effects of mantle-melt interactions on the petrology
and geochemistry of these xenoliths have been
extensively studied [Mattielli et al., 1996; Grégoire
et al., 1997, 2000a, 2000b;Moine et al., 2001, 2004;
Delpech et al., 2004]. In this contribution, we
combine microstructural analyses and seismic
properties calculations with existing and new geo-
chemical studies to investigate whether and how
magma-peridotite interaction modifies seismic
properties of the oceanic mantle. Sixteen ultramafic
xenoliths having undergone various degrees of
partial melting and metasomatism were selected
for this study. This enables us to discuss the olivine
LPO evolution, the impact on the seismic proper-
ties and the consequence on the interpretation of
SKS splitting and surface wave anisotropic tomog-
raphies.

2. Sampling and Petrology

[7] Selected peridotite xenoliths come from various
localities in the Kerguelen Archipelago (Figure 1)
and display differences in structure, chemical and
modal compositions (Table 1).

[8] Harzburgites show mainly protogranular and
poikilitic structures [Mercier and Nicolas, 1975;
Coisy and Nicolas, 1978] (Figure 2). However,
some samples tend to develop a porphyroclastic
structure with large olivine and orthopyroxene
crystals (>2 mm) displaying undulose extinctions
and subgrain boundaries. These porphyroclasts are
surrounded by fine strain-free neoblasts. Protogra-
nular harzburgites display olivine and orthopyrox-
ene grains ranging from 2 to 10 mm in size. The
grain boundaries are curvilinear, suggesting grain
boundary migration and the largest grains of oliv-
ine and orthopyroxene commonly display evidence
of plastic strain such as subgrain boundaries
(Figures 2a–2c). Olivine grains in poikilitic harz-
burgites are large (up to 5 cm long) and contain
inclusions of orthopyroxene. Clinopyroxene dis-
plays inclusions of resorbed orthopyroxene and
spinel grains (Figure 2d). Few samples contain
secondary minerals such as amphibole and phlog-
opite (see Table 1). In the various types of harz-
burgites vermicular grains of spinel occur between
olivine and pyroxene grains and commonly form
clusters with orthopyroxene and clinopyroxene.
Sample JGM92-1c has 7% modal clinopyroxene
and is a clinopyroxene-poor lherzolite (Table 1). It
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