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Abstract

The interaction between the Foundation hotspot and the Pacific—Antarctic Ridge (South
Pacific) is one of the two known cases where a ridge is approaching a hotspot. This ridge—
hotspot relative movement results in a change in the morphology of the volcanoes along the
chain as the age of the lithosphere at the time of edifice formation progressively diminishes.
Four hundred kilometers west of the Pacific—Antarctic Ridge axis, volcanism is distributed
along two sub-parallel lines of volcanoes, separated by distances diminishing from ~100 km at
the west to ~50 km near the axis of the ridge. The magnetic anomalies mapped on this part of
the chain show a pattern clearly dominated by the magnetic signature of the seamounts. The
anomalies were forward modeled using a remanent magnetization of normal or reversed
polarity within the volcano topography. The resulting pattern of normal and reversed
magnetization is consistent with the intervals of the geomagnetic polarity time scale for the
last 5 Ma, the age of the oldest studied volcano. These magnetic anomalies therefore
represent an independent means of dating the volcanic edifices. The ages deduced from the
modeling are consistent with the hypothesis of volcanoes built by a hotspot on the fast moving
Pacific plate and are in good agreement with the published radiometric dates, although these
dates tend to correspond to the late constructional stages of the edifices. The differences
between magnetic and radiometric ages suggest that the average time span to build a volcano
of the Foundation chain is about 1 million years, in agreement with other intraplate edifices.
The difference between the magnetic ages of the seamounts and of the underlying crust, both
deduced from the magnetic anomaly analysis, show that the ridge has approached the
hotspot at a rate of 40 km/Ma.

1. Introduction

Seamount magnetism has often been used to deter- mine paleomagnetic poles and constitute
one of the main bodies of data available for the study of the apparent polar wander path of
oceanic plates, especially for the Pacific plate (e.g. [1-12]). The magnetic modeling of
seamounts is a complex procedure, mainly because rock magnetization can be acquired in
different ways and modified by the alteration processes triggered by hydrothermal circulation,
acting for long times after the seamount formation [13-15]. One of the fundamental
assumptions made in such paleomagnetic studies is that the magnetic anomaly is dominated
by the effect of remanent magnetization, and therefore reflects the magnetic field at the time



of the construction of the edifice. However, viscous remanent magnetization and induced
magnetization can also contribute to up to 15-25% of the total signal, although this part of
the anomaly would be largely due to intrusives [15]. The long time span involved in the
formation of the largest edifices (e.g. [16]) can also further complicate the modeling,
especially if the edifice was built during a period of frequent magnetic field reversals.

The magnetic signature of intraplate volcanoes may also be useful to determine their ages.
Ar40 — Ar39 methods, although essential to establish sea- mount ages, face the problem that
many of the samples, obtained by dredging, are only representative of the latest volcanic
events. The construction of the smaller intraplate volcanoes can be a fast process and the
main body of most volcanoes is probably built in less than 1 my [17]. Longer time spans may
be associated with the largest edifices [16]. By com- paring magnetic models of seamounts
with their argon ages, one may obtain insights on the structure of the edifice and on the
history of edifice formation [7,18].

In January—February 1997, R/V L’'Atalante acquired multibeam bathymetry and scalar surface
magnetic data over the zone of interaction between the Foundation hotspot and the Pacific—
Antarctic Ridge (PAR) (Figs. 1 and 2). Ship tracks are oriented N128E, perpendicular to the
average direction of the volcanic structures. In addition, a profile located south of the area,
away from the volcanoes, was run along a theoretical flow line to provide reliable seafloor
spreading magnetic anomaly identifications (Fig. 2). The track spacing of 9 to 15 km was
chosen such as to insure a slight overlap of the bathymetry swaths at average seafloor depths
and is too large to allow detailed magnetic study of the individual volcanoes. Although the
sparse magnetic data constitutes a challenge, a forward modeling approach focused on
individual seamounts can provide some useful constraints on the magnetic polarity of the
edifices. Predicted sea surface magnetic anomaly can be modeled for every single isolated
edifice assuming a uniform magnetization and using the well-constrained bathymetry, then
compared to the observed signal to deter- mine (1) whether a uniform polarity is compatible
with the data and (2) in favorable cases, what the seamount polarity is. Such an approach
benefits from the north—south direction of the profiles, which optimally record the polarity
signal of young magnetized bodies.

In this paper we apply such a technique to model the magnetic anomalies associated with the
young volcanoes of the Foundation chain, in the South Pacific Ocean, where a good knowledge
on the argon ages is also available [19,20]. Gravity models [21] and a geodynamic study [22]
have addressed the geologic history of the chain and provide background information for the
magnetic models.

2. Geodynamic setting of the Foundation chain

The Foundation chain (Fig. 1) was formed by the passage of the Pacific plate over the
Foundation hot- spot. Volcano ages decrease progressively to the east, from 21 my to very
recent ages for the edifices located near the PAR axis [19,20]. The basalt composition of the
volcanoes from the main body of the chain (1248W-1158W, see Fig. 1) shows enrichment
similar to other hotspot-derived intraplate volcanoes [24—-27]. About 400 km away from the
PAR axis (near 1208W) the morphology and the chemical composition of the volcanoes change
as the result of the interaction between the Foundation hotspot and the ridge. The chain
separates in two roughly parallel lines (Fig. 2), the North system and the South system. In both



systems the volcanoes are mainly grouped into ridges. A systematic change in the morphology
of the edifices is observed from west to east. The westernmost ridges are formed by tall
volcanoes, sometimes reaching depths of less than 400 m, whereas near the PAR the ridges
are formed by smaller, flat topped edifices with summit calderas, which coalesce and form
guasi-continuous features. The elongated morphology of most of the edifices of the South
system is suggestive of fissure volcanism and of emplacement along lithospheric cracks. The
South system is interpreted as a secondary volcanic line, which formed on top of the flexural
arch created in response to the load of the north volcanic system [21,22].

Published radiometric ages show that the chain obeys roughly a theoretical hotspot age—
distance trend with younger ages towards the southeast [19,20] where the hotspot is
presently located [22]. Detailed sampling of the small dome-shaped edifices near the PAR
reveal that the age pattern displays some irregularity [20]. This can be interpreted as resulting
from emplacement of the volcanoes controlled by flexural and thermal stresses acting in the
plate, as suggested by Hieronymus and Bercovicci [28]. The youngest end of the Foundation
chain appears to be a good example of the partial control of the mechanical properties of the
plate on the surface distribution and on the morphology of hotspot volcanoes.

3. Data and method

Multibeam bathymetry is homogeneous over the whole area, allowing the calculation of a
detailed grid. For the purposes of this study a grid interval of 400 m was adopted. The data
were processed and gridded using a near-neighbor gridding algorithm. Magnetic data were
acquired with a surface proton magnetometer at a sampling rate of 20 s (100 m at a ship speed
of 10 knots). The total field measurements were reduced to anomalies by removing the
International Geomagnetic Reference Field models (IGRF) [29] interpolated for year 1997.
Spurious data related to dredge operations and spikes were removed and the clean data set
was filtered with a median filter over 5 to 20 points (depending on the noise level) and
interpolated to a 1-min interval.

3.1. Magnetic modeling

The magnetic effect of a constant thickness layer with laterally variable magnetization is given
by [30-32]

1
FIAT (x,y)] = F [M(x,y)] { oOmOr exp 1% (exp 117 — exp K1) /2} -

where F is the Fourier transform, AT(x,y) is the magnetic anomaly computed at a depth zo,
M(x,y) is the magnetization of the layer between depths z1 and z;, z1 < 2, po is the magnetic
permeability in vacuum, kyx and ky are wave numbers in the x and y directions with

[k| = (ki + kyz)l/2 ,
And

Om=m,+ i(mxkx + myky)/| kl



O = f, + i(Fxkx + f,ky)/ | K|

where | = (-1)Y2and unit vectors f and m give the orientations of the regional field and the
magnetization, respectively.

In order to compute the magnetic anomaly of the seamounts, the bathymetric grid is cut into
several layers 100 m thick. For each layer a value of “1” (respectively “0”) is assigned to grid
points with “rock” (respectively without “rock”). The choice of such thin layers allows us to
separate the seamounts from the underlying seafloor. The subsidence of the seafloor is
corrected using a (t)/2 law [33], yielding a residual bathymetry grid with an average depth of
3160 m. After visual examination of the residual bathymetry, a value of 2800 m is chosen to
define the base of the edifices. This means that only depths shallower than 2800 m are
considered in the calculation. Most of the edifices are conveniently modeled with this
approach and only the biggest volcanoes are slightly truncated at their bases. Calculations run
with a deeper basal value (3100 m), closer to the grid average, show that the truncation does
not significantly alter the final result. This procedure avoids considering in the same models
the magnetic effects of the seamounts and of the oceanic crust, the latter being modeled
separately. Volcanic crustal roots are not included in the model, since no good constraint from
seismic data is available, although gravity models suggest thickened crust below the larger
volcanoes of the North system [21]. If a local compensation model is to be expected, our
approach would consistently overestimate the magnetization intensity in the layers
considered for calculation, to compensate for the effect of the volcanic roots, but it would
certainly not affect the polarity of the magnetization required to fit the shape of the observed
anomalies. These deeper effects are probably of smaller amplitude because (1) the sources
are further away from the magnetometer and (2) the deeper crust magnetizationis lower than
the near-surface one (e.g. [34]).

Once the source geometry is defined, the magnetization direction, polarity and intensity have
to be set. A magnetization intensity of 10 A/m is adopted, which represents the higher range
of recent mid- ocean ridge extrusive basalt magnetization (see [34], for a review). Basalt
erupted in the vicinity of hotspots exhibits a higher Fe and Ti content as a result of higher
pressure of melting, hence a stronger magnetization (e.g. [35]). The magnetization polarity is
modeled by grids with values of +- 1 reproducing the normal and reverse polarities For each
layer of the geometrical grid extracted from the bathymetric grid, the magnetization intensity
and the magnetization polarity grid are multiplied to obtain the magnetization grid required
in the calculations (Eq. (1)). We assume a vertically uniform magnetization, which (1) does not
take into account the various magnetization intensities of different crustal layers (e.g. [34])
and (2) may average changes on the direction of the magnetization related to field reversals
in the piled lava flows. Depth-varying magnetization intensity of uniform polarity would
certainly not hamper the final result as long as the sign of the anomaly is considered. Depth-
varying magnetization polarity may lead either to neglect shorter polarity intervals, meaning
that the resolution of this technique is limited by the duration of volcanic edifice formation,
or to a complex anomaly, which cannot be—and is not—further interpreted with the available
data. The regional field vector is supposed parallel to the present-day geomagnetic field given
by the IGRF models, and the magnetization vector parallel to the latitude-dependent axial
dipolar field. The complete bathymetric coverage of the study area allows a fully three-



dimensional calculation of the magnetic anomalies. A magnetic anomaly grid is computed for
each constant thickness layer and the total computed magnetic anomaly grid is given by the
sum of the computed anomalies for all layers. Due to the relatively wide ship track spacing (9
to 15 km), it was meaningless to build an observed magnetic anomaly grid from the available
observations. Instead we extracted magnetic anomalies from the computed anomaly grid
along the real ship tracks to allow the comparison between modeled and observed anomalies.
The sign and shape of both anomalies were visually compared for each volcano or volcanic
ridge. We did not attempt to exactly model the shape and amplitude of the anomaly for each
volcano. This would require a detailed structural model for each edifice and a much larger
magnetic data set than what is available, each volcano being often crossed by only one or two
parallel profiles. Our main objective is to estimate for each volcano whether it was mainly built
during a normal or a reversed polarity period.

3.2. Seafloor spreading magnetic anomalies

In order to improve the quality of the fit between the observed and modeled magnetic
anomalies, the magnetic anomalies due to the underlying oceanic crust should be considered
as well, although their amplitudes are considerably smaller than those related to the
volcanoes. Seafloor spreading anomaly crossings are identified on all available magnetic
anomaly profiles (Fig. 3a), including Profile 1 (along a “flow line”, see Fig. 2 for location) and
the short turning profiles between the main lines, complemented by other magnetic anomaly
profiles obtained from the GEODAS data base [NGDC, 2001]. These interpreta- tions are
confirmed by the long-wavelength positive or negative anomalies observed on the N12°E
profiles. The isochrons defined from the magnetic anomaly identifications are further
interpolated to compute an age grid (Fig. 3b). The age values range from 10 my (anomaly 5)
in the northwestern corner of the area to zero along the Pacific—Antarctic ridge axis. Magnetic
polarities are ascribed depending on the age, following Cande and Kent [36] geomagnetic
polarity time scale (Fig. 3c). A magnetization intensity of 10 A/m is considered at the ridge axis
and decreases progressively with the age of the crust, allowing for rock alteration and the
associated change in magnetization resulting from the transformation of titanomagnetite to
titanomaghemites [37-41]. Surprisingly enough, a better agreement between synthetic
anomalies and Profile 1 is obtained for a (t)/? relationship between magnetization intensity
and age, although an exponential relationship is generally favored in other studies [42-44].
The seafloor spreading magnetic anomalies are modeled assuming a magnetic layer 500 m
thick. A depth—age grid reproducing the subsidence observed in the study area is used as the
top of this layer. Fig. 4 shows a comparison between observed and modeled anomalies along
Profile 1. The synthetic magnetic anomalies associated to the underlying oceanic crust are
removed from the observed magnetic anomalies. The residuals can therefore be directly
compared with results from the modeling of seamount magnetic anomalies.

3.3. Magnetic anomalies associated with the volcanoes

In our calculations, we consider the two simple cases of either normal or reversed uniform
seamount magnetization. Modeled anomalies for the two cases are compared to the observed
ones (corrected for the magnetic effect of the underlying oceanic crust) and a correlation
coefficient is calculated over windows corresponding to each seamount (Fig. 5). By selecting
the case (normal or reversed) that better describe the observed anomaly for each seamount,



we construct a polarity model for the whole area (Fig. 6a). This final magnetic model is
composed of purely normal, purely reversed, and mixed polarity magnetized bodies
corresponding to each edifice. The fit quality is evaluated in three classes: good, fair, and poor
fit. The first class corresponds to volcanoes of a clearly defined polarity, either normal or
reverse, the second class corresponds to edifices showing a dominant polarity and the third
class corresponds to edifices where the calculated anomaly produces a poor fit to observed
anomaly. Further refinements could be added to the polarity structures presented in Fig. 6a.
It should be remembered, however, that our purpose was not to achieve a perfect fit of the
magnetic anomaly amplitude for each volcano but rather to determine the magnetic polarity
of each seamount.

In Fig. 7 we compare the observed signal and the anomalies calculated using the polarity
model displayed in Fig. 6a along each profile. As expected from the correlation coefficients
(Fig. 5), the fit is very good for the edifices near the PAR axis (Profiles 2 to 4). Further west,
the fit quality decreases for the larger volcanoes. The shape of the observed anomaly is
roughly reproduced by our model but the calculated anomaly is often narrower and of a
smaller amplitude than the observed one. Generally, the model reproduces the long
wavelength of the anomaly but is unable to account for shorter wavelengths superimposed
on the signal. This probably reflects additional complexity in the magnetic structure of the
volcanoes. The fit between the observed and modeled anomalies is generally better for the
South system and the dome-shaped volcanoes than for most edifices of the North system,
suggesting complexities in the magnetic structure of the latter that cannot be easily
reproduced by any simple modeling effort. Such a difference in the magnetic structure of the
volcanoes may be related to different formation processes for the North and South systems.
The South system probably formed along fissures on top of the flexural arch resulting from
the emplacement of the North system volcanoes [21]. In the North system volcanoes the
magmatic activity may have lasted for longer periods, although the main (shield) building
phase may be roughly equivalent for the edifices of the north and the south.

4. Results and discussion

Despite limitations of the simple magnetic models used here, the distribution of magnetic
polarity deduced from the analysis of the magnetic anomalies present significant trends. East
of 111°30’W, all seamounts are normally magnetized, as it should be expected for volcanoes
built during the Brunhes magnetic period. Further west, bands of alternating pola- rities are
observed, as, for example, reversed polarity at 114°30°’W or normal polarity at 113°20°W. This
succession resembles the sequence of geomagnetic polarity for the last 5 million years.
Discrepancies may arise mainly from two different causes. The first is that the volcanoes were
not necessarily built following a regular age progression. Since lithospheric control on the
emplacement of the edifices has been demonstrated, the expected age progression may
deviate from the linear trend of an ideal hot spot model. However, the geodynamic and age
studies of the Foundation chain showed that for this long linear chain, the age progression
holds in a regional scale, with relatively localized irregularities [19,20,22].

The second cause is that construction of a volcanic edifice spans finite length of time that is
often longer than the shorter polarity intervals or which may cross boundaries between
intervals. This second point can be addressed by tentatively simulating the observable polarity



sequence for different lengths of construction of the volcanic edifices. This can be done by
convolving the polarity scale with a filter simulating the construction of a volcano. The filter
was designed based on estimations of the length of the building stages and of eruptive rates
made for the Society hot- spot [45], which is more comparable to the Founda- tion chain than
Hawaii. The filter reproduces the fast building of the main shield with strong eruptive rates
followed by a less magmatic and shorter post-shield phase and is a rough simplification of the
complex stages of the building of an intraplate volcano. In order to account for the varying
dimensions of the volcanoes of the studied area, three cases were con- sidered. The first
considers a very fast building (200000 yr), the second an intermediate building (400 000 yr)
and the third a long construction phase (800000 yr). The filters are displayed in Fig. 8. The
result of the operation is a smoother polarity sequence, the longest construction period
corresponding to the smoothest sequence (Fig. 6a). In this case, only the longer polarity
periods (Brunhes = anomaly 1, Matuyama, Gauss = anomaly 2A, Gilbert, anomaly 3) are
distinguished. If the construction period is short, the smaller polarity periods such as the
Olduvai (= anomaly 2) and Jaramillo events will appear. The comparison of the filtered
sequences with the polarity of the volcanoes inferred from the magnetic anomalies (Fig. 6a)
suggests a short construction period for the small dome-shaped edifices located near 112°W,
formed around 1 Ma (Jaramillo). The younger volcanoes closer to the PAR axis show an
homogeneous polarity corresponding to the Brunhes period. The bigger edifices located west
of 113°W were probably built over longer periods since the short polarity episodes of
anomalies 2A and 3A cannot be systematically identified. This is true for both the circular
edifices of the North system and for the elongated volcanoes of the South system.

We can reasonably consider that the systematic trends observed in the magnetic polarity
deduced from our analysis of the magnetic anomalies associated to the seamount indeed
represent variations related to the age progression of the seamounts. The observed pattern
of seamount polarity is unlikely to arise unless the eruption periods are shorter than the longer
geomagnetic polarity intervals and the ages follow a quite regular progression. Much longer
eruption periods would increase significantly the number of volcanoes displaying a mixed
polarity. A complex, irregular age distribution would result in a less coherent polarity pattern.
The magnetic polarity can therefore be used as a tool to estimate the age of the seamounts,
with a resolution of 1 Ma or less depending on the area, the duration of formation and the
reversal frequency. Based on Fig. 6a, we have applied this technique to convert the magnetic
polarity distribution into age intervals using the geomagnetic scale of Cande and Kent [36].
These age intervals are named “magnetic ages” hereafter (Fig. 6b).

Ages are easily ascribed on the eastern part, where the Brunhes period (anomaly 1: 0-0.78
Ma), the younger part of the Matuyama period (anomaly 1: 0.78-0.99 Ma), the Jaramillo event
(anomaly 1: 0.99-1.07 Ma) and the mid-part of the Matuyama period (anomaly 1: 1.07-1.77
Ma) are easily recognized. The ages of the Olduvai event (anomaly 2: 1.77-1.95 Ma) and the
older part of the Matuyama period (anomaly 2: 1.95-2.58 Ma) are given to sea- mounts of the
South system (seamount Platon and an unnamed linear volcano), where the polarity sequence
is clear, although no age is ascribed to the corresponding part of the North system due to poor
model fit (seamount Newton). Further west, age of the Gauss period (anomaly 2A: 2.58-3.58
Ma) is given to sea- mount Wegener on the Southern system, although age ranges of 2.58—
3.04 Ma (2A.1n, Mercator seamount), 3.04—3.33 Ma; and 3.33—3.58 Ma (2A.3n, Mendeleiev
seamount) are ascribed to seamounts of the North system. The correlation coefficient (Fig. 5)



suggests that the polarity for the unnamed volcano corresponding to the time interval 3.04—
3.33 Ma is dominantly, but not purely reversed, in agreement with the polarity time scale for
this period. The long reversed interval between anomalies 2A and 3 is well marked on the
interpreted seamount polarities, and an age range of 3.58—-4.62 Ma is given to these areas
(Mohorovicic seamount, part of Mendel seamount and of Linné Ridge) to reflect the possible
effect of long emplacement duration, as suggested by Fig. 6a (lower line). Finally the age of
anomaly 3 (4.18-4.89 Ma) is ascribed to the westernmost seamounts, including Linné
seamount.

4.1. Comparison between magnetic and radiometric ages

Fig. 9 shows a comparison of published radio- metric ages [19,20] and our magnetic ages. The
agreement between the magnetic and radiometric ages is in general good. It is usually better
for the young volcanoes (younger than 1 Ma) that have a fast and simple building history, as
inferred from both the young radio- metric ages and the dome morphology. For older vol-
canoes, and especially those of the South system, most radiometric ages tend to lie in the
younger range of the magnetic age intervals, as it should be expected for rocks collected at
the seamount summits, which represent the latest constructional period.

The magnetic anomaly of a volcano integrates the effect of the magnetization of all the rocks
constitutive of this volcano. Therefore, the average magnetization obtained through our
analysis is mostly representative of the main constructional phase of the edifice rather than
of any later volcanic episode. The fact that many volcanoes show a clear polarity indicates that
they formed fast enough to span a single polarity interval. The recent geomagnetic polarity
intervals are roughly 1 my long; this is consistent with estimated durations of the main
constructional phase of the bigger volcanoes. The young smaller volcanoes built during the
Brunhes period were probably built much faster, as their radiometric ages indicate, but the
lack of short reversals prevents to better constraint this point. Only the small volcanoes
formed during the short reversals around Jaramillo (Pauling, Pascal, Schrodinger, see Figs. 2,
6a and 6b) can be said to have constructional phases probably shorter than 1 Ma. The
differences between radiometric and magnetic ages seem to con- firm that the magnetic ages
date the older main constructional phase, whereas the radiometric ages of dredge samples
coming from volcano summits or upper flank waste reflect the last stages of the volcanic
construction. Mohorovicic volcano, where radiometric dating indicates a long period of
activity (2.8 my), may be similar to Jasper seamount [16], where a 7 my activity interval was
reported. For Mohorovicic volcano, there is a good agreement between the younger edge of
the magnetic age interval and the older radio- metric age. Two younger radiometric ages may
correspond to later magmatic phases that do not significantly contribute to the building of the
main edifice.

4.2. Ridge—hotspot relative motion

A good additional test for the consistency of our dating method is the comparison of the ridge—
hotspot relative motion between the PAR and the Foundation hotspot deduced from the
magnetic ages with existing models based on global plate kinematics and hotspot tracks (e.g.
[46,47]). Accordingly, we first computed the age of the plate at the time of each volcano
formation (i.e. the age of loading) by subtracting the age of the volcano from the age of the



underlying crust. This value is multiplied by the half-spreading rate, which remained relatively
constant at 47 km/Ma through the last 5 my, to yield the distance between the hotspot and
the ridge at the time of the volcano formation. The results are shown in Fig. 10, with only the
average magnetic age of each volcano being considered for simplicity. Although the scatter is
high, a linear regression fit yields a speed of about 40 km/Ma for the motion of the PAR with
respect to the Foundation hotspot (green line), slower but in reasonable agreement with the
theoretical value of 43 km/Ma (red line; [46—48]). The predicted hotspot location is roughly
20 km away from the ridge, in agreement with previous works [22].

5. Summary and conclusion

The magnetic anomalies collected across the Foundation Seamount chain are dominated by
the signature associated to the seamounts, and are successfully modeled by remanent
magnetization of normal or reversed polarities within the anomalous topography. The
distribution of normal and reversed magnetization presents a consistent pattern which
resembles intervals of the geomagnetic polarity time scale for the last 5 Ma. These magnetic
anomalies therefore represent an independent mean to date the volcanic edifices of the
Foundation Seamount chain. The ages deduced from the magnetic anomaly modeling are
consistent with the hypothesis of volcanoes built by a hotspot on the fast moving Pacific plate.
They are in good agreement with the published radiometric dating, which appear to
correspond to the latter constructional stages of the edifices. The average time span to build
a large volcano of the Foundation chain is about 1 million years, in agreement with other
intraplate edifices, while the smaller edifices appear to form faster. The difference between
the ages of the seamounts and of the under- lying crust, both deduced from the magnetic
anomaly analysis, shows that the ridge gets progressively closer to the hotspot at a rate of 40
km/Ma.

Beyond the classical use of Vine—Matthews anomalies to date normal oceanic crust, marine
magnetic anomalies appear therefore as a tool to date more complex features such as linear
volcanic chains. From our study, it can be expected that cross-chain magnetic surveys of
hotspot track volcanoes would provide valuable data in terms of the volcanic built up and the
hotspot history—possibly the unbiased data which have been missing so far to carefully
evaluate the hypothesis of fixed hotspots and, in fine, address their nature?
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Fig. 1. Top: “Predicted” bathymetry [23] showing the volcanoes of the Foundation chain. The study area is the eastern part of the chain, close to
the Pacific—Antarctic Ridge axis, near 110°W. The orange arrow shows the ridge motion on the hotspot reference frame and the blue arrows the
absolute motions of the Pacific and the Antarctic plates. Bottom: “Predicted” bathymetry [23] of the South Pacific showing the location of the
Foundation chain between the Pacific—Antarctic Ridge and the Austral chain.
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Fig. 2. Multibeam bathymetry grid of the eastern end of the Foundation chain and the Pacific—Antarctic Ridge (PAR) axis. The thin black lines
show the location of the magnetic profiles shown in Fig. 7. For clarity only Profiles 1, 2, 10, 15, 20 and 25 are labeled. Profiles east of Profile 2
surveyed the PAR and are not used for the magnetic models. Profile 1 corresponds to a flow line. Labels indicate the location of volcanoes
discussed in the text.
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Fig. 3. (a) Magnetic anomaly profiles projected along ship tracks (positive to the west) and interpretation in terms of the age of the underlying
oceanic crust. Positive anomalies are plotted in red (data from R/V L’Atalante Foundation Cruise) or green (other data), the normally magnetized
crust in gray, limited by main and secondary isochrons marked by thick and thin colored lines, respectively, and their associated labels. (b) Age
grid of the oceanic crust, computed by using the isochron identifications. (¢) Modeled magnetization polarity of the oceanic crust derived from
the age grid using Cande and Kent [36] geomagnetic polarity time scale. Red and yellow colors depict normal and reverse polarity, respectively.
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Fig. 6. (a) Final magnetic model showing volcanoes conveniently modeled with a reverse polarity, in blue, and a normal polarity, in red. The
edifices where no clear polarity could be identified are depicted in gray and correspond to the shaded areas of Fig. 7. The polarity sequence is
represented at the bottom with, from top to bottom, the original sequence (marked 0 ka) and the same after convolution with filters simulating
the duration of volcano construction (Fig. 8), respectively, 200, 400 and 800 ka long. (b)Ages of the volcanoes derived from the magnetic
models (colors). Radiometric ages available for the volcanoes are displayed near the dredge locations, indicated by black circles.
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Fig. 7. Bathymetry (top) and magnetic anomaly (bottom) profiles across the volcanoes of the Foundation Chain. The observed magnetic
anomaly (with the effect of the underlying oceanic crust removed) is shown in black. The red and blue lines represent modeled anomalies using
normal and reverse polarities, respectively. Shades depict areas where the fit is of too poor quality to discriminate between the two models. See
Fig. 2 for profile location.
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Fig. 7 (continued).
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