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[1] Major, trace element and Sr-Nd-Hf isotope data in
basalts collected along the Pacific-Antarctic Ridge (PAR)
axis between 53 and 41°S, far from any hotspot influence,
reveal tight coherent geochemical variations within the
depleted MORB mantle. All samples are located below
the Pacific reference line defining two sub-oceanic mantle
domains on each side of the Easter microplate. The data
extend the PAR 66-53°S field towards more radiogenic Sr
(0.70264), less radiogenic Nd (¢ = 7.7) and Hf (¢ = 11.4)
values. The along ridge geochemical variability is closely
related to the morphological segmentation of the ridge.
Anomalous geochemical features are attributed to the
atypical morphology of two segments due to the presence
of off-axis magmatism. The first order ridge discontinuity
defined by the Menard transform fault separates two
slightly different mantle domains, each with its own
history. Citation: Hamelin, C., L. Dosso, B. Hanan, J.-A. Barrat,
and H. Ondréas (2010), Sr-Nd-Hf isotopes along the Pacific
Antarctic Ridge from 41 to 53°S, Geophys. Res. Lett., 37,
L10303, doi:10.1029/2010GL042979.

1. Introduction

[2] Mid-Ocean Ridge Basalts (MORB) geochemical het-
erogeneity has been often documented and has led to
question the widespread concept of a geochemically uni-
form depleted MORB mantle (DMM) [Hofinann, 2003].
The description of a ridge geochemical feature in relation
with its physical (morphological, structural and geophysical)
parameters generally leads to a discussion of the depleted
mantle structure and processes (cf. review paper by Hofinann
[1997]). The studied section of the Pacific-Antarctic ridge is
devoid of plume influence. It allows a detailed description of
the different scales of heterogeneity present in the south sub-
Pacific depleted mantle.

[3] In 1999, a large scale geochemical division of the
Pacific mantle was proposed, based on available Mid-Ocean
Ridge Basalt data from the Pacific ridge together with data
from samples collected during the PACANTARCTICI
cruise between 53 and 66°S [Viastélic et al., 1999]. The
boundary was identified at the latitude of the Easter Island
microplate. Yet there was still a large sampling gap along
the ridge axis between 53 and 41°S. Therefore this became
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one of the main objectives of the PACANTARCTIC2
cruise, which took place during the austral summer 2004-05
[Dosso et al., 2005; Klingelhoefer et al., 2006]. This paper
first describes the geological context of the studied ridge
section, and then presents the geochemical results of the
cruise with major element data, trace element and Sr-Nd-Hf
isotopic data from axial samples collected between 41 and
53°S, on each side of Menard Transform Fault (TF).

2. Geological Setting and Sampling

[4] The Pacific-Antarctic Ridge (PAR), south of the Chile
Triple Junction (Juan Fernandez microplate) at 35°S/110°W
separates the Pacific plate from the Antarctic plate (Figure 1).
The full spreading rate of the ridge increases from 54 mm/yr
at 65°S to 74 mm/yr near Udintsev Transform Fault (TF) at
55°S, and to 100 mm/yr at 35°S. In conjunction, the ridge
axis morphology changes from a valley at 65°S to a dome
north of 60°S [Ondréas et al., 2001]. A large portion of this
plate boundary, including major fracture zones, has been
previously surveyed [Lonsdale, 1994; Cande et al., 1995]
but only the southern section has been systematically sam-
pled [Géli et al., 1997; Castillo et al., 1998; Viastélic et al.,
2000].

[5] The PACANTARCTIC?2 cruise was a joint geophysical
survey and geochemical sampling of the Pacific-Antarctic
Ridge between 41°15'S and 52°45'S (Figure 1). This 1300 km-
long ridge section is characterized by a dome shape axial
morphology. It is segmented by the Menard TF near 50°S and
by small non-transform offsets such as Overlapping Spread-
ing Centers (OSC). The cruise imaged three segments south
of the Menard TF (S1 to S3) and six segments north of it (N1
to N6). Segment morphology varies from a robust 12 km-
wide dome to a narrower rise, 2 km in width. S2 and N2 are
rather poorly defined and are seen as transitional ridge seg-
ments. The half spreading rate varies between 46 mm/yr at
52°S to 50 mm/yr at 42°S [Lonsdale, 1994] while the ridge
bathymetry decreases from 2300 to 2500 m. Twenty four
dredges were collected along axis at regular intervals (3 to 4
regularly spaced dredges per segment) and 19 dredges were
collected off-axis. This paper reports only on results from
axial samples. All dredges brought back aphyric samples
except DR20, which is a plagioclase-phyric rock.

3. Analytical Techniques and Results

[6] Major, trace element and isotope (Sr, Nd, Hf) data are
presented in Table S1 of the auxiliary material.® Major
element analyses were performed by ICP-AES at Brest
following the method described by Cotten et al. [1995]. The
relative standard deviations are less than 2%. Trace element

®Auxiliary materials are available in the HTML. doi:10.1029/
2010GL042979.
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Figure 1. Sample location map. Segments are limited by
overlapping spreading centers (OSC) marked by grey line
segments. All symbols are specific to each segment and
are kept the same in Figures 1-4. The insert shows the
location map of the PACANTARCTIC 2 cruise with
respect to the Pacific-Antarctic ridge axis and the main
fracture zones. Opened circles indicate the location of
PetDB samples.

analyses were performed by ICP-MS at Brest using Finnigan
Element2 and the method described by Barrat et al. [1996].
Based on standard measurements and sample duplicates,
trace element concentrations reproducibility is generally
better than 5% [Barrat et al., 2007]. For isotope analyses,
the powder was further leached to remove seawater alter-
ation. The Sr-Nd separations were done according to the
procedure described by Dosso et al. [1993]. The Hf elution
was performed using the protocol of Blichert-Toft et al.
[1997] at SDSU. Sr and Nd were measured with a Finni-
gan MAT26x multicollector instrument (MAT261 upgraded
by Spectromat). Hf isotope ratios were measured at San
Diego State University using the Nu Plasma 1700. Stan-
dards NBS987 (Sr), JNdi-1 (for Nd) and IMC-475 (for Hf)
analyzed during the sample measurement period gave values
of 0.710251 + 16, 0.512104 + 4 and 0.282160 + 10
respectively.
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[7] All but two dredges (namely DR06-1 and DR09-1)
have negative loss of ignition reflecting the lack of alteration
and the pristine nature of the samples. Nearly all samples are
typical basalts and only the samples collected close to the
Menard TF (DR09, DR20) or in the transitional ridge seg-
ments S2 and N2 (DR06, DR27) are slightly different and
present higher alkali contents. The great majority of samples
is geochemically homogeneous and present typical MORB
patterns with a clear depletion in most light rare earth ele-
ments and in most cases a slight negative anomaly in Eu due
to plagioclase fractionation. Concerning the isotopic mea-
surements, all samples from the PACANTARCTIC2 cruise
are located in the global MORB field and below the Pacific
Reference Line (PRL) [Viastélic et al., 1999]. PAC2 data
extend the PAR 66-53°S data field towards more radiogenic
Sr (0.70264), less radiogenic Nd (¢ = 7.7) and Hf (¢ = 11.4)
values.

[8] Major, trace element and Sr-Nd-Hf isotope data reveal
tight and coherent geochemical variations along segments
(Figure 2). Along axis geochemistry can be disturbed by
local phenomena like the presence of nearby seamounts as
seen in S2 and N2 (Figure 1) [Briais et al., 2009]. These
segments are the shortest and the less robust of the studied
area. They are likely to erupt melts that are extracted over a
restricted depth range as compared to melts from the ridge.
Therefore melt mixing during extraction would be more
limited than at the ridge, leading to larger trace element and
isotope variation [Stracke and Bourdon, 2009]. S3 and N1
have directions that are perpendicular to the Menard TF but
deviate from the main direction of the ridge. S2 and N2
accommodate this change. They can therefore be seen as
atypical segments and transitional zones between a Menard
related zone and the rest of the ridge, i.e. S1 on one side and
N3-N6 on the other. This most likely reflects the resistance
of the Menard transform fault to the latest kinematic
movements [Sahabi et al., 1996].

4. Discussion

[v] The Menard transform fault (Figure 1) is a major
geological feature, a first order discontinuity cutting across
our study area. But does it also play a major geochemical
role? Are there differences in the geochemical character-
istics of samples on each side of the transform fault?

[10] Major elements plot along similar differentiation
trends for all segments (see supplementary material). This
underlines the first-order major element homogeneity of the
mantle source and the similarities in the mineral assemblage
involved in the crystallization process. It also suggests
similarities in the physical conditions of the magmatic
plumbing system of the studied ridge section. In the Sr-Nd
or in the Nd-Hf plot (Figure 3), the PAC2 data define an
elongated field extending the PAR 66-53°S data field
towards more radiogenic Sr (0.70264), less radiogenic Nd
(e=7.7) and Hf (¢ = 11.4) values. In these representations, the
least radiogenic Sr (and most radiogenic Nd and Hf) samples
are found to the south of Menard TF whereas the most
radiogenic ones are found to the north. Each side of the
Menard TF can be represented as individual data fields,
which partially overlap each other around 0.7025, 8.7 and
12.5. This slight isotopic difference has also been noted
using helium isotopic ratios [Moreira et al., 2008]. It has to
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Figure 2. Along-axis variations of the ridge physical (cross sectional area, depth) and chemical (MgO, (La/Sm)y, Sr-Nd-
Hf isotopic compositions) parameters. Dashed lines indicate the location of the overlapping spreading centers with a grey

shade used for atypical segments S2 and N2.

be noted that it is of a much lower magnitude than the
isotopic variations reported across the Australian-Antarctic
Discordance [Christie, 1998; Hanan et al., 2004] or along
the Gakkel Ridge [Michael et al., 2003; Goldstein et al.,
2008]. Could this slight isotopic difference between the
north and south Menard TF also be identified using trace
element ratios? A plot of ¥’Sr/*®Sr versus (La/Sm)y reveals
two separate and sub-parallel linear trends (Figure 4). The
two arrays are tightly linked to the geographical distribution
of samples with respect to Menard TF. Excluding samples
from atypical segments (S2 and N2), a regression calcula-
tion through each one of these 2 trends gives rather good
regression coefficients r of 0.96 and 0.84 for the south and
north part of the ridge respectively. For a given (La/Sm)y,
the northern trend presents systematically more radiogenic
Sr isotogic values than the southern trend. Their difference
in ¥’Sr/*Sris significant, about 0.0001 at a constant (La/Sm)y.
On each side of the TF, the observed trace element variation as
well as the isotopic variability are comparable, suggesting
comparable melt mixing during melt extraction [Stracke and
Bourdon, 2010].

[11] Based on the incompatibility order of trace elements,
it is interesting to point out that a plot of *’Sr/**Sr versus
gLa/Sm)N is equivalent to a plot of *’Sr/*°Sr versus

"Rb/*®Sr, which is an isochron diagram. The correlations
along the North and South segments are weaker in the
isochron diagram, likely due to the greater sensitivity of the
elements Rb and Sr to alteration and fractional crystalliza-

tion compared to La/Sm. It is interesting to note that these
correlations are observed here in a geochemically depleted
environment, whereas in most cases, they are described in
oceanic environment with the nearby presence of enriched
basalts [Zindler et al., 1984; Dosso et al., 1999; Donnelly et
al., 2004]. As underlined by many authors, the slopes of
these “mantle isochrons” do not date a specific event [e.g.,
Donnelly et al., 2004; Rudge, 2006, and references therein].
Rather they are the result of a combination of two competing
processes: one, which creates heterogeneities through time
(i.e., chemical fractionations during subduction and crust
extraction) and the other one, which tends to continuously
homogenize the mantle (i.e., convection). Therefore, the
slope is a function of physical characteristics of the reservoir
such as mixing time, residence time and a parameter that
accounts for the increase in the dispersion of the trace ele-
ment ratio due to petrogenetic processes [Allegre, 2005].
The fact that the correlations on each side of the Menard TF
are subparallel strongly suggests that each of the two mantle
domains present comparable physical parameters. Each
trend reflects individual mantle domains, each with their
own proportions of enriched material, on each side of
Menard TF. This leads to questions like: why does such
mantle domain boundary occur at a tectonic boundary?
Could it represent the location of a deep ‘impediment’ to
flow in the upper mantle that originates from the continents
during basin formation? To study the limit between the two
domains, we can examine the dredges closest to the fracture,
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namely DR09 and DR20 from S3 and N1 respectively.
Their major element contents indicate evolved character-
istics (Figure 2). This is coherent with their higher rare earth
concentrations, with patterns that display europium anoma-
lies indicative of plagioclase fractionation. Their (La/Sm)y is
also higher than further away along the ridge without a
significant change in their isotopic ratios (Figures 2 and 4).
These chemical features could be caused by coupled effect
of melting and crystal fractionation close to the transform
fault. Lower upwelling rates and mantle temperatures near
the rigid boundary create perturbations in melt production,
which explains the evolved character of the erupted magmas
[Morgan and Forsyth, 1988]. Similar chemical features due
to the Transform Fault Effect [Langmuir and Bender, 1984]
are described along the southern part of the PAR and shown
in Figure 3 of Viastélic et al. [2000].

5. Conclusion

[12] The data presented above, from a ridge section
devoid of hotspot influence, emphasize the depletion and
first order homogeneity commonly found in MORB. In spite
of this regional homogeneity, the data reveal tight geo-
chemical variations at the local segment scale. Moreover,
the first isotopic data along this ridge section extend the
PAR 66-53°S data field towards more radiogenic Sr
(0.70264), less radiogenic Nd (¢ = 7.7) and Hf (¢ = 11.4)
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Figure 3. Sr-Nd and Nd-Hf isotopic plot of PAC2 data as
compared to data from the EPR (crosses) and the PAR from
66 to 53°S (small circles). Two hatched fields define the
PAC?2 data for samples located north and south of Menard
TF. The dashed line in the Sr-Nd plot is the Pacific Refer-
ence Line (PRL) as defined by Viastélic et al. [1999].
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values. In this depleted mantle environment, along axis
slight but systematic geochemical variations can be dis-
turbed by local phenomena like the presence of atypical
segments, likely related to nearby seamounts as seen in S2
and N2. The Menard TF, which is the major geological
feature along the studied area, appears to separate two
mantles with slightly different geochemical characteristics.
The northern part presents systematically more radiogenic
Sr isotopic values for a given (La/Sm)y than the southern
section. This result is in good agreement with the isotopic
difference observed in He isotopic ratios [Moreira et al.,
2008] and confirms that the Menard TF acts as a disconti-
nuity between two slightly different mantle domains.
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