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Kerguelen hotspot since 130 Ma:
The view from Hf isotopes

S. INGLE1,2, D. WEIS1,3, S. DOUCET1,4, N. MATTIELLI 1

1Dept. Earth and Environmental Sciences, Universite Libre de
Bruxelles, Belgium [single@ulb.ac.be]

2Dept. Earth and Planetary Sciences, Tokyo Institute of
Technology, Japan

3Dept. Earth and Ocean Sciences, Univ. British Columbia,
Vancouver, Canada

4Dept. Geochemistry and Cosmochemistry, I.P.G.P. Paris,
France

The Kerguelen hotspot is located in the southern Indian
Ocean and has been active since ~130 Ma. This hotspot has
created the world’s second biggest large igneous province,
comprised of continental basalts, the Kerguelen Plateau,
Broken Ridge, 90°E Ridge and oceanic islands constructed
upon the plateau. This long-lived activity has been attributed
to a large mantle plume upwelling from deep in the mantle.
Isolated fragments of continental lithosphere are believed to
make up parts of the older plateau, thus complicating
geochemical interpretations. Numerous recent studies have
attempted to sort out mantle sources and shallow-level
contaminants involved in various samples, yet significant
questions remain. We investigate Hf isotopic compositions
from all sites on the Kerguelen Plateau and Broken Ridge, and
previously unstudied volcanic sections from the archipelago in
an attempt to further define the mantle sources and shallow-
level contaminants involved in their petrogenesis.

The combination of Hf isotopes and Sr-Nd-Pb isotopic
data suggests the involvement of 2 distinct mantle sources,
one tapped from the Cretaceous plume head and the other
from the Cenozoic plume tail. Only two distinct crustal
contaminants are necessary, an upper and a lower crust,
distinguished primarily by unradiogenic Pb isotopes in the
latter. Minor amounts of depleted, Indian Ocean upper mantle
fully account for all remaining variation. We confirm previous
conclusions that Kerguelen basalts share common isotopic
features with other basalts from the Indian Ocean. Namely,
Kerguelen and Indian Ocean basalts are displaced to higher
208Pb/204Pb for a given 206Pb/204Pb and to lower 143Nd/144Nd
relative to a given 176Hf/177Hf. Three hypotheses may account
for the higher slope of Indian Ocean basalts relative to Pacific
or Atlantic Ocean basalts in Pb-Pb or Hf-Nd diagrams. These
include (1) deep recycling of oceanic crust mixed with ≤10%
pelagic sediment (Rehkämper & Hofmann, EPSL, 1997;
Chauvel & Blichert-Toft, EPSL, 2002), (2) an ‘ultra-depleted’
mantle wedge residue remaining after Gondwana accretion
(Kempton et al., G3, 2002) or (3) delaminated continental
mantle lithosphere (Hawkesworth et al., Nature, 1986; Milner
and LeRoex, EPSL, 1996). We favor the first hypothesis
because a slight variation in the ratio between pelagic
sediment and oceanic crust can account for the isotopic
difference between Cretaceous and Cenozoic source
compositions tapped from the Kerguelen hotspot.
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Introduction
A fundamental experiment is made to develop an automatic

counting system of fission tracks by using a confocal scanning
laser microscope (CSLM) which provides  two-dimensional
high-resolution images ofetched tracks.
Experiments

After counting surface tracks by the conventional method,
the same fields are observed by CSLM. Digital images of the
fields by CSLM are stored to a personal computer. The Scion
Image, an image processing software, is used to count objects
automatically.

The track counts by the automatic method using CSLM
are compared with theose by conventional method.
Results and Discussion

The surface tracks can be observed as etch pit spots by
CSLM. Confined tracks and internal inclusions do not appear.
Figure1-c shows an example of automatic counting image
using Scion Image. However, apparent tracks are counted in
exis, because stripe interference patterns appeared for shallow
dipping tracks. Furthermore, a few spots are found to consist
of two or more tracks by comparing with the image by an
optical microscope.Many experiments using various types of
samples are made to investigate the occurrence frequency of
such the patterns. As a result, the frequency seems to be
constant. The frequency can then be used to convert the
apparent track density measured automatically to the net track
density. The net track densities by this method are confirmed
to be in good agreement with those by the conventional
method.

Figure 1.Comparison of a
CSLM image (a) with a
conventional optical micro-
scope image_(b), and a
result of counting tracks
automatically (c).
Scale bar = 10µm


