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New constraints on the origin of the EM-1 component revealed by the measurement of the La-Ce isotope systematics in Gough Island lavas

Ce isotopes suggest that the enriched mantle EM-1 sampled by the Gough Island lavas did not incorporate old subducted pelagic sediments.

• Ce-Nd-Hf isotopes are more consistent with the contribution of subcontinental lithospheric material in the genesis of the EM-1 component.

• Low Ce/Ce* values measured in Gough Island lavas are not explained by the incorporation of pelagic sediments in the mantle source.

Plate tectonics leads to the recycling of material from the surface to the Earth's interior via subduction. The penetration of cold slabs into the deep mantle has been observed via seismic tomography [START_REF] Grand | High resolution global tomography: a snapshot of convection in the Earth[END_REF][START_REF] Van Der Hilst | Evidence for deep mantle circulation from global tomography[END_REF] can also be tracked using different geochemical proxys. For example, hafnium isotope compositions measured in lavas from several Hawaiian volcanoes have revealed the participation of old pelagic sediments in their deep source Blichert-Toft et al., 1999. Similarly, mass independent  33 S measured in olivine-hosted sulphides from Mangaia and Pitcairn lavas are explained by the recycling of surface material that existed before the Great Oxygenation Event (GOE) in a reduced atmosphere [START_REF] Cabral | Anomalous sulphur isotopes in plume lavas reveal deep mantle storage of Archaean crust[END_REF][START_REF] Delavault | Sulfur and lead isotopic evidence of relic Archean sediments in the Pitcairn mantle plume[END_REF] In a more general way, extreme Pb-Sr-Nd isotope signatures identified in Ocean Island Basalts (OIB) and defining the mantle end-members (HIMU, EM-1, EM-2: [START_REF] Zindler | Chemical geodynamics[END_REF]) have been interpreted as proof of deep recycling of surface components Hofmann and White, 1982;White and Hoffmann, 1982. Geochemical modelling involves generally recycling of old reservoirs (2 Ga) suggesting that very old materials can be preserved in the convective mantle, in agreement with dynamical model results e.g. [START_REF] Chauvel | HIMU-EM: the French Polynesian connection[END_REF][START_REF] Tackley | Geophysical determination of the 138 La -decay constant[END_REF] The exact nature of the different mantle components is widely discussed in the literature published over the last 30 years and some debates are still ongoing Jackson et al., 2018. Here we will focus on the enriched mantle called EM-1 that has been clearly identified in lavas from Gough Island, South Atlantic Ocean. Two enriched mantle components have been defined (EM-1 and EM-2). They have similar unradiogenic Nd isotope ratios but are different for Sr and Pb isotopes Zindler and Hart, 1986. Two different origins for the EM-1 component are proposed, either 1) the involvement of subducted pelagic sediments e.g. [START_REF] Chauvel | HIMU-EM: the French Polynesian connection[END_REF][START_REF] Eisele | The role of sediment recycling in EM-1 inferred from Os, Pb, Hf, Nd, Sr isotope and trace element systematics of the Pitcairn hotspot[END_REF] 2) the incorporation of continental material (sub-lithospheric mantle and/or lower crust) at shallow depths Hawkesworth et al., 1986;[START_REF] Carlson | Chemical and Os isotopic study of Cretaceous potassic rocks from southern Brazil[END_REF][START_REF] Escrig | Os isotope systematics in Fogo Island: Evidence for lower continental crust fragments under the Cape Verde Southern Islands[END_REF][START_REF] Class | Continental material in the shallow oceanic mantle -how does it get there?[END_REF] Previous proportion estimates made on the basis of Sr-Nd-Pb isotopes for a pelagic component in the lava sources of samples from South Atlantic Ocean islands (e.g. Gough and Tristan da Cunha) are up to 3 % le [START_REF] Le Roex | Tristan da Cunha, South Atlantic: Geochemistry and Petrogenesis of a Basanite-Phonolite Lava Series[END_REF][START_REF] Weaver | Role of subducted sediment in the genesis of ocean-island basalts: geochemical evidence from South Atlantic Ocean islands[END_REF] This agrees with the more recent value of 2 % that was proposed from the measurement of the  18 O in the major phenocrysts present in Gough lavas Harris et al., 2000, and also with elemental cerium anomalies recorded in Gough Island that were attributed to the participation of 0.5 % of a recycled sediment component Class and le Roex, 2008. Depletion in cerium relative to its two neighbors (La, Pr) is quantified with the Ce/Ce* notation (Ce/Ce* = (CeN / (LaN 0.5 x PrN 0.5 ))

where CeN, LaN and PrN are Ce, La and Pr concentrations normalized to chondrite or PAAS values). It is commonly observed in pelagic sediments and it reflects the particular behavior of cerium that exists under two valence states (3+ and 4+). Furthermore, it has recently been shown that only very small, elemental cerium anomalies could be generated in volcanic samples during magmatic processes such as batch melting and/or fractional crystallization Bellot et al., 2018).

The aim of the present study is to combine the measurement of Rare Earth Elements (REE) and of several isotope systems ( 147 Sm-143 Nd, 176 Lu-176 Hf, 138 La-138 Ce) in a series of wellcharacterized Gough Island lavas in order to better constrain the EM-1 end-member. The use of the 138 La-138 Ce isotope systematics (T1/2 = 292.5 Ga; Tanimizu 2000) is particularly welladapted since marine sediments formed in equilibrium with seawater are characterized by negative, elemental cerium anomaly. Calculations show that significant variations of their Furthermore, due to their particular REE patterns, marine sediments acquire by radiogenic ingrowth Ce-Nd isotopic signatures that strongly deviate from those of other mantle reservoirs.

Thus, on a timescale of 2 Ga, even a small contribution of 1 % of a sedimentary component carrier of a negative, elemental cerium anomaly is likely to be identified by measuring 138 Ce/ 142 Ce ratios. Calculated increases with such proportions that will be presented in detail in the discussion range from 0.5 to 12 -units depending of the composition of the sedimentary component (La/Ce ratio and REE concentrations), the mixing considered and how it melts. If a pelagic component is indeed present in the source of Gough lavas, combining Ce isotope measurements with 176 Hf/ 177 Hf and 143 Nd/ 144 Nd ratios will allow us to specify its proportions. On the other hand, the absence of coupled variations between the 138 Ce/ 142 Ce ratio and the elemental cerium anomaly in Gough samples will favor other scenarios, in particular those involving the incorporation of subcontinental lithospheric mantle into the mantle melt source Konter and Becker, 2012.

Geological setting and sample selection

Gough Island is a very small island of 65 km 2 located in the south part of the Atlantic Ocean (400 km to the southeast of Tristan da Cunha Island), firstly studied by Le Maitre 1962. The magmatic activity lasted about 1 Ma from the emplacement of the Lower Basalts to that of the youngest Upper Basalts at 0.13 Ma le Roex, 1985. Lavas range from picrite basalts to trachytes.

The petrology and geochemistry of the 12 samples analyzed in the present study were previously described by le Roex 1985 and Class and le Roex 2008; they were selected to cover the entire range of Ce anomalies measured in a superset of 38 samples. On average the elemental cerium anomaly measured in the 12 lavas is 0.98 and it varies from 0.94 to 1.04. Sample locations are reported on the geological map presented as Figure 1 in Class and le Roex 2008.

Analytical methods

Major and Rare Earth Elements

Major-element concentrations were determined in the Laboratoire Magmas et Volcans (LMV) by ICP-AES (Jobin-Yvon ULTIMA C) after sample dissolution by lithium-metaborate flux-fusion.

The quoted precision is calculated from the repeated measurement of the certified USGS reference material BHVO-2 analyzed in the same conditions than Gough lavas.

For trace-element measurements 50 to 100 mg of samples were dissolved using a 3:1 mixture of HF and HNO3 concentrated acids maintained during 48 hours on a hotplate at 75 °C. Once dried, samples were dissolved in 7 M HNO3 and dried again, then 6 M HCl was added and beakers were placed at 90 °C for 24 hours. Once the solutions were perfectly clear, samples were split into two fractions: ~10 % for the measurement of REE contents (results noted LMV1 in the manuscript); and ~90 % to determine Ce-Nd-Hf isotopic compositions. All samples were also dissolved a second time using the same protocol, but for REE content measurements only (no aliquot, results noted LMV2 in the manuscript). Different techniques of sample preparation including dissolution and dilution were tested on the BHVO-2 reference material in order to define more precisely the reproducibility and precision on the elemental cerium anomaly (see section 4.1). All measurements were performed using the LMV Agilent-ICP-MS in Clermont-Ferrand. Counts per second were calibrated using a synthetic solution (CMS) containing ~60 trace elements at 1 ppb (LMV1) or the certified rock standard BHVO-2 (LMV2). The blank and reference materials were measured every four samples. Certified rock standards BIR-1 and/or BEN were also analyzed in order to test the whole protocol (See supplementary Table 1). The method used here allows to correct for oxide interferences and for the instrumental drift if significant and to subtract the blank. Samples were measured in 0.5 M-HNO3 -0.05 M-HF with a dilution factor of about 3500.

Ce-Nd-Hf isotopes

Once dissolved, the samples were loaded on a cation resin ~5ml) in a 1 M-HCl -0.1 M-HF mixture. The Hf fraction was directly collected whereas the REE fraction was purified from the major elements in 2.5 M-HCl and collected in 4 M-HCl. The Hf fraction was purified during a second step using 1 ml of LN-spec resin (100-150 m) with different acids (HCl, citric acid-HNO3-HF) and collected using a 6 M-HCl -0.4 M-HF solution.

Details of the whole procedure are reported in [START_REF] Carlson | A comparison of Siberian meimechites and kimberlites: Implications for the source of high-Mg alkalic magmas and flood basalts[END_REF]. The Nd and Ce fractions were separated by oxidizing the cerium in Ce 4+ (using the protocol inspired by Tazoe et al.

[2007] and modified by [START_REF] Bonnand | Radiogenic and stable Ce isotopes measurements by thermal ionisation mass spectrometry[END_REF]. Lastly Nd was separated from Sm that creates isobaric interferences on mass 144 on a LN spec column using 0.2 M-HCl Rizo et al., 2011.

Hafnium isotopes were measured on the LMV, Neptune Plus, Multi-Collector Inductively-Coupled-Plasma Mass Spectrometer (MC-ICPMS) coupled to an Aridus II desolvating nebulizer system at solution concentrations ranging from 20 to 50 ppb. Instrumental mass bias effects were corrected for using an exponential law and 179 Hf/ 177 Hf = 0.7325. In order to monitor the instrument performance, two synthetic solutions (JMC 475 at 20 ppb and Alfa Aesar at 30 ppb) were run every three samples. 176 Hf/ 177 Hf for JMC and Alfa Aesar are 0.282155 ± 0.000009 and 0.282189 ± 0.000006, respectively (2SD, n = 16). The two rocks standards BHVO-2 (two dissolutions) and BCR-2 were also measured using the same analytical protocol than Gough samples. Measured 176 Hf/ 177 Hf ratios for BHVO-2 (0.283092 ± 0.000003 and 0.283094 ± 0.000003) and BCR-2 (0.282861 ± 0.000004) are in good agreement with published results (see

Chauvel et al. 2011 and the GeoREM compilation).

Neodymium isotopes were measured using the LMV, Triton Plus TM , Thermal Ionization Mass Spectrometer (TIMS) in static mode. Isotope ratios were corrected for mass fractionation using an exponential law and 146 Nd/ 144 Nd = 0.7219. The Nd standard JNdi-1 was measured 10 times during the entire analytical session (mass spectrometer used only for the Nd measurement of these samples during this period) and the average 143 Nd/ 144 Nd ratio is 0.512101 ± 0.000004 (2SD) in agreement with dynamic measurements Garçon et al., 2018.

Cerium isotopes were also measured using the LMV, Triton Plus TM TIMS. The whole analytical procedure is detailed in Bonnand et al. 2019. The contribution from the 140 Ce peak (tailing effect) was subtracted to intensities measured at masses 136 and 138 ( 138 Ce, the difference between tailing-corrected and tailing-uncorrected data is 0.85 epsilon-unit) and Ce isotope ratios were mass-fractionation-corrected using an exponential law and 136 Ce/ 142 Ce = 0.01688. 

Measurements

Results

Determination of the elemental cerium anomaly

The range of Ce/Ce* determined for Gough Island lavas is relatively small and the variation does not exceed 10 % when considering our data and previous results of [START_REF] Class | Ce anomalies in Gough Island lavas -trace element characteristics of a recycled sediment component[END_REF]. To ensure a robust interpretation of the data two parameters must be verified: 1) the analytical precision obtained by ICP-MS; and 2) the chemical treatment/protocol used for the sample dissolution and for the solution preparation before ICP-MS analysis. Trace element and isotope measurements are generally combined with trace elements being determined from a small aliquot of the sample after the first dissolution. Thus, in order to address the potential problem of adding too small volumes of acid to obtain a perfect dissolution of all elements, we have tested different protocols using the BHVO-2 rock standard. The first dissolution is identical for all the tests; it uses about 50 mg of BHVO-2 and a 3:1 mixture of concentrated HF and HNO3 acids placed in Savillex vials on a hotplate at 75 °C for 48 hours. Experiments labelled A to E were treated with HClO4 to expel fluorides and volumes of 7 M-HNO3 varying from 5 to 30 ml were considered to get all of the samples back in solution, whereas experiments labelled F to K excluded HClO4 and used a constant volume of 20 ml with either 7 M-HNO3 or 6 M-HCl (Table 1). For trace element measurements, nitric acid is currently used to make the concentrated stock solution.

Hydrochloric acid, however, is favored when trace elements and isotopes are measured on the same dissolution. The A to K beakers were then placed on a hot plate for 24 hours and an aliquot was taken up and dried before MC-ICP analysis in 0.5 M-HNO3 -0.05 M-HF solutions with a dilution factor of 3500. Measurements were performed using the LMV, Agilent 7500, quadrupole ICP-MS. Each solution was measured twice and concentrations were calibrated using repeated measurements of solutions containing 62 trace elements diluted to concentrations of 1 and 10 ppb. These solutions were also used to monitor and correct for the instrumental drift over the analytical sequence. Six blanks were prepared following the same protocols and subtracted to the measurements. Results are presented in Table 1 and expressed in ΔCe/Ce* (%) that corresponds to the variation of the measured, elemental cerium anomaly of BHVO-2 relative to its theoretical value (1.006 given in GeoREM). The 11 experiments give similar results with a total variation lower than 1 %. We conclude that the type of acid used and the final volume for the concentrated solution have no influence on the measurement of the elemental cerium anomaly. We did not identify any interference on LREE coming from Ca perchlorates either 

2012).

Gough samples were measured twice and results are presented in Table 2. The difference between the two calibrations (LMV1 and LMV2) is lower than 2 % except for three samples (ALR34G, ALR40G, ALR41G) for which it is up to 4.5 %. The elemental cerium anomaly ranges from 0.93 to 1.05: on average it is equal to 0.98 ± 0.06 (2SD) in method 1 and to 0.99 ± 0.06 (2SD) in method 2. Our results show a greater dispersion than those obtained by [START_REF] Class | Ce anomalies in Gough Island lavas -trace element characteristics of a recycled sediment component[END_REF] with differences up to 8 % (sample ALR41G). Low Ce/Ce* are systematically determined for samples ALR46G, ALR52G and ALR64G (Figure 1). For instance, ALR52G was measured four times by Class and le Roex 2008 and all the determinations gave an elemental cerium anomaly of 0.92 that agrees with our value of 0.93 (two duplicates). Although the dispersion of the data is clearly more important than that observed on BHVO-2 tests, only a few samples appear to have resolved negative cerium anomalies (Ce/Ce*<1). Results obtained by 3. Gough samples define a positive co-variation in the Hf vs. Nd plot (Figure 3A). Only sample ALR45G falls slightly outside, having a relatively high  176 Hf (-1.79) for a low  143 Nd (-1.99). Conversely, Gough lavas show a slight negative trend in the Nd vs. Ce plot (Figure 3B). Lastly, there is no well-defined trend in the Hf-Ce plot (Figure 3C). Ce/Ce* together with isotope ratios resulting from the mixing between a deep mantle source of FOZO-type (see Table 4 for trace element and isotope characteristics) and a 2.5 Ga-old subducted component are presented in Figure 5. Only the values corresponding to the range of negative cerium anomalies of Gough lavas (Ce/Ce* down to 0.92) are reported. In the first model (Fig. 5A) the FOZO source is contaminated by different proportion of sediments having R1, R2

or R3 characteristics. The mixture is considered homogeneous and then can be modelled as a solid-solid mixture. In the second model we consider the same mixtures but the approach used by

Class and le Roex 2008, e.g. D = 0 for LREE and sediment melts derived by 25% partial melting of a sediment protolith (Fig. 5B). In the third model the sediments were subducted as a thin layer on top of the oceanic crust (OC) in proportion 5:95. During the melting we assume a productivity 10 times higher for sediments than for the mafic components (OC-FOZO).

The two first models lead to the same results, only the proportion of sediment changes. The proportions of the sediment component required to generate an elemental cerium anomaly of 0.92 are 1.2 %, 1.6 % and 2.2 % for reservoirs 1, 2 and 3, respectively. In the second case the sedimentary proportion is always lower than 1%, in agreement with estimates proposed by Class and le Roex 2008. However, such proportions strongly increase the  138 Ce relative to its initial, FOZO-like composition with maximum values reaching 4 for the most, REE-enriched sediments (reservoir R3). Gough samples have a very narrow range of isotopic composition ( 138 Ce varying from -0.39 to 0.15) and, as mentioned in the previous section, no correlation is observed between the elemental cerium anomaly and the cerium isotope composition (Figure 4). In the third model (OC-sediments-FOZO), the calculated isotope compositions are less radiogenic (Fig. 5C). To 

Origin of the elemental cerium anomalies

The low Ce/Ce* values determined for a few lavas from Gough Island cannot be explained by the recycling of trench sediments as has been done for several arc lavas (e.g. Mariana lavas et al., 2018;[START_REF] Elliott | Element transport from slab to volcanic front at the Mariana arc[END_REF][START_REF] Hole | Subduction of Pelagic Sediments -Implications for the Origin of Ce-Anomalous Basalts From the Mariana Islands[END_REF]. Magmatic processes (e.g. partial melting and/or fractional crystallization) are able to generate very small cerium depletion relative to its neighboring elements Bellot et al., 2018 but cannot explain the lowest Ce/Ce* values calculated for Gough samples. Moreover, Gough lavas do not show any correlation between their elemental cerium anomaly and geochemical proxy of crystallization (e.g. MgO, Figure 7) or trace-element ratios commonly used to identify magmatic processes.

Bellot
Negative, elemental cerium anomalies are confirmed for 3 Gough samples. anomaly for each sample corresponds to the mean value determined in this study (LMV1 and LMV2 in Figure 1).

Error on the elemental cerium anomaly is twice the average of the differences between the two LMV measurements (3.1 %). In this last case, we assume a productivity 10 times higher for sediments than for the mafic component (recycled oceanic crust -FOZO) during partial melting. More details on these reservoirs are given in the text and in Table 4. [START_REF] Nowell | Hf Isotope Systematics of Kimberlites and their Megacrysts: New Constraints on their Source Regions[END_REF]Fraser et al., 1985), Swartuggens Coe et al., 2008;[START_REF] Nowell | Hf Isotope Systematics of Kimberlites and their Megacrysts: New Constraints on their Source Regions[END_REF][START_REF] Smith | Pb, Sr and Nd isotopic evidence for sources of southern African Cretaceous kimberlites[END_REF]Smith et al., 1985, Star Coe et al., 2008. Data [START_REF] Mirnejad | Origin and Source Evolution of the Leucite Hills Lamproites: Evidence from Sr-Nd-Pb-O Isotopic Compositions[END_REF][START_REF] Salters | The mantle sources of ocean ridges, islands and arcs: the Hf-isotope connection[END_REF] Mixing has been calculated using the average value of Swartuggens kimberlites (South Africa, 150Ma). Since no lamproite comes from South Africa, the mean value is calculated from the youngest samples that are those from Leucite Hills (0.9-3.1 Ma). Errors bars in panel are 2SD.

They are smaller than the symbol size in the panel B. anomaly for each sample corresponds to the mean value determined in this study (LMV1 and LMV2 in Figure 1).

Error on the elemental cerium anomaly is twice the average of the differences between the two LMV measurements (3.1 %). ∆Ce/Ce* (%) corresponds to the variation of the calculated cerium anomaly of BHVO-2 relative to its theoretical anomaly of 1.006 (GeoREM). Errors correspond to the analytical uncertainty (2SE).

(2) Epsilon values are calculated relative to CHUR data using the equation ε=(R sample /R CHUR -1)x10 

  and Rare Earth Element contents of Gough samples Gough Island lavas have basaltic compositions with SiO2 and MgO contents ranging from 47.4 to 51.1 wt.% and from 3.1 to 14.0 wt.%, respectively. Rocks have been classified using the Total Akali (Na2O+K2O) Silica (TAS) diagram. They are all basalts or trachy-basalts except sample ALR34G that is in the basaltic trachy-andesite field. All samples but one (ALR45G) have LOI < 0.7 wt.% (

  figure) that has a Ce/Ce* of 0.84. This sample shows a deficiency of incompatible, fluid-mobile

5. 1

 1 No significant contribution of a recycled, «pelagic» component in the mantle source of Gough lavas The involvement of pelagic sediments in the mantle source of EM-1-like plumes may explain their specific Sr-Nd-Pb isotope signatures Chauvel et al., 1992. Isotope modelling shows that such a component must have been recycled into the mantle via subduction a long time ago and recycling ages between 1.5 and 2.0 Ga are commonly evoked. The discovery of mass independent  33 S in samples from Mangaia and Pitcairn lavas (Pacific Ocean) increases the time scale of recycling since  33 S signatures must have been acquired before the Great Oxygenation Event (GOE) by photochemical reactions in anoxic atmosphere Cabral et al., 2013; Delavault et al., 2016. These two hotspots are of HIMU and EM-1 types and they have been suggested to incorporate surface material recycling Weaver, 1991; Chauvel et al., 1992. Negative, elemental Ce anomalies are commonly reported in fore-arc drilled sediments and trenches having the lowest Ce/Ce* are those least fed by detrital sediments from continental erosion Plank, 2013. In oxidizing conditions cerium exists under the 4+ valence state whereas neighboring REE remain in the 3+ form. Thus, the negative Ce anomaly of seawater (Ce/Ce*<1) reflects the strongly insoluble character of Ce(IV), whereas Fe-Mn crusts and MnO clays preferentially scavenge Ce(IV) and thus have positive Ce anomalies (Ce/Ce*>1) Elderfield and Greaves, 1982. The cerium isotopic compositions of Gough samples do not show any correlation with the elemental cerium anomaly (Figure 4). If the mantle source of the lavas was carrying a negative cerium anomaly and had a high La/Ce ratio, it should have developed with time a radiogenic 138 Ce/ 142 Ce signature, as illustrated by Bellot et al. [2015] for short time duration in comparison to 1.5 and 2.5 Ga usually assumed for recycling in OIB mantle sources. We have modelled the radioactive ingrowth of 138 Ce of three distinct, marine-sediment reservoirs having fractionated La/Ce ratios and different REE patterns (Table 4): 1) the first reservoir has the mean composition of carbonate sediments recovered at DSDP Site 495 on the subducting Cocos Plate in the middle American trench Patino et al., 2000; 2) the second one is similar to the Pacific Authigenic Weighted Mean sediments (PAWS) Hole et al., 1984 that was defined from a sequence of pelagic oozes sampled on the Nasca Plate (Leg 34); and 3) the last one averages the compositions of sediments drilled in five different trenches located far from continents (Kemadec, Tonga, Vanuatu, Marianas and Izu-Bonin) and thus protected from detrital inputs Plank, 2013. The three reservoirs, namely R1, R2 and R3, are characterized by low Ce/Ce* of 0.13, 0.18 and 0.73, respectively. With time they acquire strongly radiogenic 138 Ce isotope compositions with deviations in epsilon as high as 140, 100 and 17 for a decay time of 2.5 Ga. The elemental cerium anomaly in the reservoir R3 is similar to that determined for biosiliceous sediments from the Mariana trench (DSP site 801) by Bellot et al. 2018. Ce/Ce* ratios calculated for Gough Island lavas were plotted against their Sr isotope compositions by Stracke 2012. No correlation is observed and adding our samples does not modify the previous observation (Sr isotope compositions from Class and Le Roex 2008). Tracking the participation of recycled sediments in the mantle source of Gough lavas with the elemental Ce anomaly is thus challenging and more robust conclusions should be obtained by measuring the Ce isotope composition of the samples.

  reach a Ce/Ce* value of 0.92, the sedimentary proportion is between 1.4 and 4% and the  138 Ce increases from 0.5 to 2.8 -units in function to the composition of the sediments. Mixing lines calculated using the composition of R1 and R2 sedimentary reservoirs pass through the Gough Island samples characterized by the lowest Ce/Ce* values. However, the models fail to explain all other data. As a consequence, cerium isotopic compositions measured in EM-1-like lavas make it possible to exclude the contribution of material carrying a negative, elemental cerium anomaly in their mantle source, at least if the marine sediments have been subducted a long time ago (> 1.5 Ga). During this time period the radioactive production of 138 Ce is large enough to be measured in the third model (+0.5 -unit for R1 and R2; +1.8 -unit for R3). As a consequence, the involvement of old pelagic sediments characterized by low Ce/Ce* values in the EM-1-like OIB sources should result in an offset of their isotopic compositions in the   Nd vs   Cediagram with respect to the mantle array. However, the number of data available in the literature is not sufficient to investigate in detail this effect. The mantle array is defined from MORB and OIB data and EM-1 samples strongly constrain the best-fit line because they represent extreme points on the correlation (5 measurements obtained from Gough and Tristan hotspots Willig and Stracke, 2019).

  upwelling of deep mantle contaminated with subcontinental material or lower crust provides an EM-1 component located at shallow depth in the mantle, explaining the correlation observed between the EM-1 occurrence and both shear wave speed anomalies at 200 km and plume depth extent Konter and Becker, 2012. The incorporation of a large quantity of subcontinental material also explains the low 3 He/ 4 He ratios measured in the samples.Gough samples have Hf-Nd isotopic compositions that plot slightly below the mantle array (Figure6A); they are characterized by negative Hf values between -2 and -3 (the Hf notation reflects the distance to the mantle array line, see[START_REF] Johnson | Evidence from hafnium isotopes for ancient sub-oceanic mantle beneath the Rio Grande rift[END_REF]. Samples recording the largest displacements below the mantle Hf-Nd array are lamproites and kimberlites e.g.[START_REF] Nowell | Hf Isotope Systematics of Kimberlites and their Megacrysts: New Constraints on their Source Regions[END_REF] Tappe et al., 2013. Hf-Nd isotope data for lamproites and Group II kimberlites are plotted on Figure 6B. The samples are from various locations and they show contrasted isotope compositions in the Hf-Nd isotopic space. Ages of lamproites are 0.1-3.1 Ma for Leucite Hills, 4.5-15.6 Ma for Anatolia, 143 Ma for Siberia and 1224 Ma for samples coming from the Dharwar craton. We did not find any data for lamproites from the South African craton in the literature or in the GEOROC database. On the contrary all plotted kimberlites from Group II are from the South African craton. More precisely, occurrences are both on-and off-craton kimberlites from the Archaean Kaapvaal craton and from the Proterozoic Namaqua-Natal belt (see sample description in Becker and le Roex [2006). Two binary mixing models are also plotted on Figure 6B. These models consider a deep mantle source similar in compositions to FOZO interacting with a component coming from the subcontinental lithospheric mantle resembling either to i) the average composition of Swartruggens Group II kimberlites (green curve) or ii) the average composition of Leucite Hills lamproites (blue curve). Using an average value of worldwide samples would not really make sense especially when considering the diversity of isotopic compositions measured for lamproites. Lamproites from Leucite Hills were selected because they are the most recent samples. Although the samples from Swartruggens have the most negative Hf values amongst kimberlites, the calculated mixing curve passes slightly above the Gough field. Selecting the samples having the most negative Hf values would, however, explain the isotopic compositions of Gough lavas. In these calculations the isotope compositions of Gough samples are roughly reproduced for proportions of kimberlitelike melts ranging from 10 to 20 % and for proportions of lamproite-like melts ranging from 15 to 30 %. These proportions are slightly lower than those estimated by Konter and Becker 2012 with contributions from the continental component up to 50%. Contrary to Gough, Tristan da Cunha Island samples plot perfectly on the Mantle array in the Hf-Nd diagram (Figure 6A). Gough and Tristan da Cunha tracks were subdivided in all isotope diagrams by Rohde et al. 2013. The Gough sub-track generally displays more enriched isotopic compositions. Spatial geochemical zonings were previously reported in hotspot tracks in the Pacific Ocean, with Hawaii being the most famous example e.g. Abouchami et al., 2005; Farnetani and Hofmann, 2009; Weis et al., 2011. The Tristan da Cunha -Gough plume was the first example of a zoned plume located above the margin of the African superplume and it has been proposed that the enriched source of Gough sub-track reflects the African superplume composition whereas samples from the Tristan da Cunha sub-track record a larger contribution of the surrounding depleted mantle Rohde et al., 2013. More recently the spatial geochemical zonation has been explained by a plume source migration with time Hoernle et al., 2015. The enriched Gough component is present in the earlier (70-132 Ma) history of the hotspot contrary to the less-enriched Tristan. The early hotspot would tap only LLSVP (low shear-wave velocity province) and with time the plume stem migrates towards the LLSVP boundary. Here we favor instead the idea that the Gough Island lavas have incorporated a larger proportion of subcontinental lithospheric material than those from the Tristan da Cunha sub-track. The location of this component is still discussed. The participation of this component on a large spatial scale (Tristan-Gough-Discovery Rise) suggests the recycling of subcontinental lithospheric material through the lower mantle rather than interaction during the rise of the plume Schwindrofska et al., 2016.

  area, central Slave craton, Canada Tappe et al., 2013). Samples from the GEOROC database considered in this study are those for which all REE and both 147 Sm-143 Nd and 176 Lu-177 Hf systematics were measured. The calculation of the elemental cerium anomaly is not trivial since the different equations used in the calculation (using La-Pr or La-Nd with an exponential or a linear interpolation) may give different results (up to 0.1) for samples characterized by very strong enrichment in LREE relative to MREE. Amongst samples considered in Figure 6, negative Ce/Ce* anomalies are commonly reported in lamproites from Anatolia Prelevic et al., 2012 and in samples from Leucite Hills Mirnejad and Bell, 2006. Swartruggens kimberlites have the lowest Ce/Ce* amongst samples from the Group II kimberlites with values down to 0.91 when they are calculated using La and Nd. It seems therefore possible to produce small, elemental cerium anomalies with the involvement of subcontinental lithospheric material in the source of Gough samples.Here we present the first measurements of the La-Ce isotope systematics in a series of lavas coming from Gough Island, Atlantic Ocean. The samples have isotope signatures characteristic of the EM-1 source component and they also present Ce/Ce* down to 0.93. Modelling a primitive mantle source contaminated by 0.4 to 2.2% of a pelagic component is able to reproduce the lowest Ce/Ce* values. However, the cerium isotope measurements show  138 Ce values between -0.39 and 0.15, too low to give support to the incorporation of recycled pelagic sediments in the mantle source of the lavas. Modelled isotope compositions reach values comprised between 1 and 4  138 Ce-units for a FOZO source contaminated by different proportion (0.4 to 2.2%) of 2.5 Ga-old recycled sedimentary material. In a three-component mixture (OCsediments-FOZO), the calculated isotope compositions are less radiogenic (0.5 to 2.8  138 Ceunits) and the sedimentary proportion varies from 1.4 to 4%. The near constancy of  138 Ce values of Gough samples characterized by variable Ce/Ce* does not agree with any type of pelagic material mixing. Ce-Nd-Hf isotope compositions of Gough samples are more consistent with the contribution in proportions between 10 and 30% of subcontinental lithospheric material in the genesis of the EM-1 component. This scenario also explains both the negative Hf measured in Gough Island samples, an isotope signature more commonly recorded in lamproites and Group II kimberlites, and the slow, shallow seismic velocities identified for the Tristan da Cunha -Gough hotspot.

Figure 1 .

 1 Figure 1. Elemental cerium anomalies of Gough Island lavas. Square symbols correspond to samples analyzed in this study (LMV1 and LMV2) and also measured by Class and le Roex 2008 (noted C & LR 2008). The names of the samples are shown on the right-hand side of the figure. Circles refer to another set of samples analyzed by Willbold and Stracke 2006 (noted W & S 2006). The error is twice the average of the differences between the two LMV measurements (3.1 %).

Figure 2 .

 2 Figure 2. Rare earth element patterns of Gough lavas (the concentrations are normalised to the CHUR values of Pourmand et al. [2012).

Figure 3 .

 3 Figure 3. Ce, Nd and Hf isotope composition of Gough Island lavas. A) Hf vs. Nd; B) Nd vs. Ce; C) Hf vs.

Figure 4 .

 4 Figure 4. Elemental cerium anomaly vs. Ce values (error bars = 2SE) of Gough Island. The elemental cerium

Figure 5 .

 5 Figure 5. Modelled Ce isotope compositions together with elemental cerium anomalies of a primitive mantle source (FOZO-like) contaminated by various amounts of a 2.5 Ga-old, «pelagic component» (proportions in percent are given in the diagrams). The 3 sedimentary reservoirs considered in the calculations are R1: mean composition of carbonate sediments from DSDP Site 495 Patino et al., 2000; R2: Pacific Authigenic Weighted Mean sediments

Figure 6 .

 6 Figure 6. A) Hf-Nd of samples from Gough and Tristan da Cunha Islands. Data from Salters et al. [2011] and this

Figure 7 .

 7 Figure 7. Cerium anomaly of Gough Island lavas as a function of the MgO content (wt. %). The elemental cerium

  Figure 1.

  Figure 2.

Table 2

 2 Rare earth elements have been measured with the aim of determining the cerium anomalies in these samples (Ce/Ce*). The anomalies are relatively small (down to 0.92, see Table2) and measurements are challenging. Calculations were made using Ce/Ce* = (CeN / (LaN 0.5 x PrN 0.5 )) with a normalization to CI chondrites from Pourmand et al. 2012. Using these values, calculated Ce/Ce* generally increase by 0.01 relative to a chondritic normalization to McDonough and Sun 1995. Considering data on the CI chondrite Orgueil published by Barrat et al. 2012 gives identical results. Ce/Ce* measured in the two standards BEN and BIR-1 are in

). Our new measurements are in good agreement with analyses previously published e.g. le Roex, 1985. perfect agreement with literature values with Ce/Ce* = 0.984 ± 0.022 and Ce/Ce* = 0.967 ± 0.032, respectively (the uncertainty here corresponds to the standard deviation calculated from four repeated measurements). For example, the compilation of BIR-1 measurements gives Ce/Ce* between 0.93 and 0.99 (average value of 0.96 ± 0.04, 2SD, n = 11,

Pourmand et al. 

Table 3

 3 

). Few samples were previously measured for Nd isotopes Class and le Roex, 2008 and both sets of results are in good agreement with an average difference of 0.3 epsilon. Ce isotope data presented for two Gough samples in Willig and Stracke 2019 are in good agreement with our measurements. Data are presented in binary plots in Figure

  Castillo 2015 in order to explain the strongly radiogenic Pb ratios coupled to unradiogenic Sr that are measured in HIMU-like basalts. Questions about the Konter and Becker 2012. Mixing models developed to reproduce the 87 Sr/ 88 Sr, 143 Nd/ 144 Nd and 206 Pb/ 204 Pb ratios of Gough lavas are presented in Konter and Becker 2012. The required proportion of subcontinental lithosphere mantle melt or granulite

	chemical signatures of marine carbonates and the preservation of chemical signatures through
	time are clearly raised. Marine carbonates are primarily proposed for their high U/Pb ratio, but
	during Archean times U may not be really abundant in seawater because of the reducing
	atmosphere. Like for cerium, the GOE probably marks an important transition in the behavior of
	all redox sensitive elements.
	rather than Ce depletion. Ce/Ce* calculations using the chondrite normalization (rather than
	PAAS as commonly used in sediment studies) yield values down to 0.73. However, the REE
	concentrations of all of these rocks are extremely low with a few hundred ppb as maximum
	values. Thus, if the mantle source of OIB involved this kind of material this would not change

Modern sediments are conventionally used in geochemical modelling (as done here) and it is questionable whether they represent good analogues of ancient sediments. Most Precambrian carbonate samples are stromatolites formed at shallow water-depth close to continents. Samples coming from different continents including Australia (3.45 Ga) Van Kranendonk et al., 2003, South Africa (2.52 Ga) Kamber and Webb, 2001 and the Canadian Shield (2.94 and 2.8 Ga) Riding et al., 2014; Satkoski et al., 2017 show fractionated La/Ce ratios due to La enrichment the cerium isotopic composition of the lavas nor their Ce/Ce*, at least if the sedimentary contribution does not exceed a few %. The marine carbonate recycling hypothesis has been investigated in detail by 5.2 Subcontinental lithospheric material in the EM-1 component All the hotspot "classifications" relate the Tristan da Cunha -Gough hotspot to a deep-rooted mantle plume Boschi et al., 2007; Courtillot et al., 2003; French and Romanowicz, 2015. However, it is an exception to most deep hotspots because samples from Tristan da Cunha -Gough samples have low 3 He/ 4 He ratios similar to those of the restricted MORB range rather than high values Kurz et al., 1982. It is also unusual in its seafloor appearance, showing an increasingly wide track toward present-day Gough and Tristan O'Connor and Jokat, 2015. The incorporation of continental material has been proposed as origin of the EM-1 mantle component, including the shallow incorporation of subcontinental materials e.g. Carlson et al., 1996; Class and le Roex 2006; melt to the deep mantle (equivalent to the FOZO component) is high (up to 50 %). The

  Stracke 2012 described a potential effect of alteration on the Ce/Ce* for rare samples from Gough and Tristan da Cunha Islands having very abnormal Ce/Ce* values lower than 0.85. For all other samples from these two islands Ce/Ce* do not correlate with any geochemical proxy and thus no that are not applicable to the Gough Island. Weathering effects on REE elements are discussed in detail in Class and le Roex 2008: they are excluded to explain Ce/Ce* values measured in Gough Island samples. A shallow-level contamination by local sediments having low Ce/Ce* values is also ruled out because Ce/Ce* are not correlated to Ce/Pb ratios. Finally, seawater has a highly negative Ce/Ce* but a very low Ce content (pmol/kg) in comparison to Gough lavas (Ce = 95ppm). Thus, interaction with or exposition to seawater would not modify the REE pattern. Negative, elemental cerium anomalies are reported in subcontinental lithospheric materiel including kimberlites and lamproites from different locations (e.g. lamproites from Anatolia or Western Australia Prelevic et al., 2012; Fraser et al., 1985 and kimberlites from Lac de Gras

indication of a likely alteration effect is identified. Depletion in cerium relative to other REE has been described in very specific climatic condition (tropical environment,

[START_REF] Cotten | Origin of anomalous rare-earth element and yttrium enrichments in subaerially exposed basalts: evidence from French Polynesia[END_REF]

)

Table 4 .

 4 Epsilon values are calculated using Confidential manuscript submitted to Geochemistry, Geophysics, Geosystems CHUR data from Bouvier et al. 2008. The mantle array is defined using the equation of Vervoort et al. 2011: Hf = 1.55 × Nd + 1.21. Data for South Africa Group II kimberlites: X007 from the Kuruman Kimberlite Province Donnelly et al., 2011), Finsch Mine Nowell et al.

  for lamproites: Siberia Davies et al., 2006], Dharwar Chakrabarti et al., 2007, Anatolia Prelevic et al., 2012, Leucite Hills from Wyoming, USA

Table 1 .

 1 Description of the different chemistry procedures applied for the cerium anomaly measurement of the rock standard BHVO-2 and their values expressed in % deviation.

	2SD

Table 2 :

 2 Major-(%) and trace-element (ppm) contents of Gough Island lavas together with calculated cerium anomalies.Cerium anomalies are calculated using Ce/Ce* = (CeN / (LaN0.5 x PrN0.5)) and considering CI-chondrite values from[START_REF] Pourmand | A novel extraction chromatography and MC-ICP-MS technique for rapid analysis of REE, Sc and Y: Revising CI-chondrite and Post-Archean Australian Shale (PAAS) abundances[END_REF] for normalization. Ce/Ce*LMV1 is calculated from the measurement of an aliquot uptaken before the chemical separation (calibration relative to a synthetic CMS solution). Ce/Ce*LMV2 is calculated from the measurement of a second dissolution (calibration with rock standard BHVO-2). See text for more details.

		ALR_6G	ALR_8G	ALR_13G	ALR_34G	ALR_38G	ALR_40G	ALR_41G	ALR_45G	ALR_46G	ALR_52G	ALR_55G	ALR_64G
		basalt	trachy-basalt	trachy-basalt	basaltic trachy	basalt	basalt	basalt	trachy-basalt	basalt	trachy-basalt	basalt	trachy-basalt
					-andesite								
	Latitude S	40° 20.25'	40° 20.25'	40° 20.25'	40° 19.2'	40° 20.1'	40° 20'	40° 20'	40° 20'	40° 20'	40° 20'	40° 19.3'	40° 19.2'
	Longitude W	9° 53.5'	9° 52.8'	9° 52.8'	9° 52.8'	9° 52.8'	9° 55.1'	9° 55.1'	9° 55.1'	9° 55.1'	9° 55.2'	9° 55.5'	9° 55.5'
	Major element (%)												
	SiO 2	48.80	48.88	49.00	51.09	47.04	48.18	48.61	48.25	48.21	49.71	47.35	50.00
	Al 2 O 3	14.62	15.58	15.03	17.93	11.73	10.76	8.50	14.19	11.56	14.70	11.40	14.68
	Fe 2 O 3	11.52	11.35	10.77	8.40	12.32	12.18	11.67	12.05	12.46	11.52	12.44	11.02
	MgO	5.82	4.33	5.54	3.12	12.35	12.13	14.01	7.47	11.48	6.27	12.60	6.85
	CaO	9.30	8.05	8.95	6.13	8.71	9.42	12.15	8.02	8.86	7.86	9.15	8.43
	Na 2 O	2.82	3.37	3.17	4.70	2.38	2.33	1.77	3.11	2.48	3.16	2.37	3.33
	K 2 O	1.81	2.57	2.56	3.98	1.92	1.62	1.22	2.20	1.80	2.96	1.77	2.48
	TiO 2	3.27	3.92	3.37	2.38	2.69	2.63	2.32	3.34	2.82	3.21	2.84	3.09
	MnO	0.15	0.15	0.15	0.13	0.16	0.16	0.17	0.16	0.17	0.16	0.17	0.15
	P 2 O 5	0.60	0.79	0.77	1.16	0.56	0.43	0.33	0.65	0.49	0.82	0.45	0.65
	Trace element (ppm)												
	Li	5.27	7.50	6.60	9.15	5.82	5.31	4.64	6.91	6.31	8.31	5.99	7.21
	Be	1.39	1.76	1.47	2.56	1.13	1.01	0.80	1.38	1.30	1.90	1.25	1.69
	Sc	27.94	22.30	23.57	10.90	25.06	28.92	41.28	22.11	28.65	21.29	27.47	21.51
	V	247	257	228	150	193	215	257	206	225	227	213	206
	Cr	140	28	129	5	504	747	1,388	219	635	184	553	192
	Mn	1,252	1,161	1,122	957	1,229	1,245	1,289	1,232	1,322	1,262	1,300	1,214
	Co	41.2	31.4	33.7	19.7	64.1	59.7	58.6	49.8	61.6	38.7	64.6	40.6
	Ni	84.3	28.5	71.2	13.3	325.7	348.7	357.5	230.7	353.0	114.0	371.2	145.5
	Cu	38.1	18.9	31.3	19.3	22.5	29.5	21.8	42.2	38.4	32.7	46.7	47.0
	Zn	118	118	104	98	103	107	94	122	119	123	109	111
	Ga	25.5	27.1	25.1	27.3	19.1	18.6	16.0	25.1	21.9	26.8	20.0	25.1
	Ge	1.95	1.88	1.72	1.64	1.76	1.89	1.71	1.89	1.91	2.00	1.83	1.89
	Rb	24.7	40.6	45.8	110.3	37.9	30.1	22.5	32.7	35.7	71.4	40.7	54.1
	Sr	789	783	850	1,080	712	572	414	800	628	860	632	783
	Y	30.9	34.0	29.2	29.1	23.2	23.2	21.7	28.0	25.3	34.1	22.9	32.5
	Zr	286	351	295	461	242	218	169	298	256	364	241	321
	Nb	43.8	65.1	57.6	98.0	38.1	31.7	23.7	45.9	36.7	70.9	39.3	61.1
	Mo	1.81	2.30	2.32	3.33	1.70	1.69	1.57	1.71	1.73	2.05	2.16	1.97
	Sn	2.23	2.42	2.06	2.51	1.76	1.60	1.34	2.07	1.71	2.59	1.79	2.16
	Ba	609	752	791	1,088	637	516	376	744	587	900	592	792
	La	46.9	59.1	50.7	85.6	44.4	32.5	24.2	47.2	39.9	68.1	36.7	64.1
	Ce	91.7	116.1	101.2	156.7	84.6	67.0	52.9	92.9	75.7	120.4	74.6	109.2
	Pr	10.9	13.4	11.7	16.5	9.7	8.0	6.5	10.8	9.1	14.4	8.6	12.7
	Nd	45.1	53.9	47.8	60.1	38.7	33.3	27.7	43.7	37.3	55.9	34.2	49.6
	Sm	9.30	10.58	9.53	10.42	7.45	7.06	6.31	8.84	7.64	10.39	6.90	9.39
	Eu	2.94	3.34	3.20	3.19	2.43	2.35	2.10	2.96	2.55	3.22	2.19	3.05
	Gd	8.32	9.40	8.31	8.40	6.42	6.46	5.89	7.80	6.94	9.12	6.16	8.38
	Tb	1.15	1.31	1.14	1.15	0.88	0.89	0.83	1.07	0.95	1.26	0.87	1.16
	Dy	6.28	7.03	6.16	6.10	4.64	4.87	4.52	5.75	5.11	6.74	4.66	6.18
	Ho	1.11	1.26	1.08	1.08	0.82	0.85	0.80	1.00	0.89	1.20	0.82	1.11
	Er	2.82	3.22	2.76	2.82	2.09	2.14	1.98	2.53	2.28	3.11	2.09	2.89
	Tm	0.36	0.41	0.35	0.36	0.26	0.27	0.25	0.32	0.28	0.39	0.27	0.35
	Yb	2.17	2.45	2.10	2.24	1.54	1.57	1.46	1.93	1.70	2.36	1.63	2.11
	Lu	0.30	0.34	0.29	0.31	0.21	0.21	0.19	0.25	0.22	0.32	0.22	0.28
	Hf	6.67	8.12	6.78	9.64	5.51	4.97	4.04	6.58	5.58	8.16	5.51	6.86
	Ta	2.58	3.59	3.11	5.45	2.21	1.80	1.33	2.58	2.03	3.84	2.24	3.16
	W	0.56	0.80	0.77	1.27	0.45	0.49	0.41	0.49	0.50	0.42	0.63	0.30
	Pb	3.95	4.56	3.65	8.89	3.59	2.86	1.89	4.03	3.27	4.68	3.66	4.71
	Th	4.31	5.97	5.38	12.22	4.01	3.07	2.21	4.29	3.46	7.16	3.99	5.65
	U	0.70	1.10	1.09	2.44	0.70	0.59	0.43	0.74	0.72	1.38	0.77	1.15
	Ce/Ce* LMV1	0.99	1.00	1.01	1.02	0.99	1.01	1.03	1.00	0.97	0.93	1.02	0.93
	Ce/Ce* LMV2	0.97	0.98	0.99	1.05	0.97	0.97	0.98	0.98	0.96	0.93	1.00	0.93
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	:	138 Ce/	142 Ce,	143 Nd/	144 Nd and	176 Hf/	177 Hf measured in Gough Island lavas.					
	Sample	138 Ce/	142 Ce	2SE	(1)		ε 138 Ce	(2)	143 Nd/	144 Nd	2SE	(1)	ε 143 Nd	(2)	176 Hf/	177 Hf	2SE	(1)	ε 176 Hf	(2)
	ALR6G	0.0225656 0.0000004	-0.32	0.512543	0.000004	-1.69		0.282716	0.000003	-2.45
	ALR8G	0.0225664 0.0000005	0.02		0.512548	0.000002	-1.60		0.282734	0.000003	-1.79
	ALR13G	0.0225659 0.0000004	-0.20	0.512562	0.000003	-1.33		0.282740	0.000003	-1.58
	ALR34G	0.0225664 0.0000003	0.02		0.512552	0.000003	-1.53		0.282727	0.000003	-2.06
	ALR38G	0.0225666 0.0000002	0.11		0.512529	0.000005	-1.97		0.282698	0.000003	-3.08
	ALR40G	0.0225663 0.0000002	-0.03	0.512535	0.000004	-1.85		0.282719	0.000003	-2.33
	ALR41G	0.0225659 0.0000003	-0.19	0.512540	0.000006	-1.76		0.282723	0.000004	-2.21
	ALR45G	0.0225666 0.0000002	0.09		0.512528	0.000005	-1.99		0.282734	0.000003	-1.79
	ALR46G	0.0225661 0.0000003	-0.13	0.512528	0.000004	-1.99		0.282718	0.000003	-2.37
	ALR52Ga	0.0225661 0.0000002	-0.09	0.512528	0.000003	-1.98		0.282707	0.000004	-2.76
	ALR55G	0.0225666 0.0000003	0.13		0.512529	0.000003	-1.97		0.282705	0.000003	-2.83
	ALR64G	0.0225655 0.0000004	-0.39	0.512577	0.000004	-1.03		0.282742	0.000003	-1.52
	(1)																		

  Ce CHUR = 0.02256634 [[START_REF] Willig | Earth's chondritic light rare earth element composition: Evidence from the Ce-Nd isotope systematics of chondrites and oceanic basalts[END_REF]; normalized to AMES = 0.02257426].

		4. 143 Nd/	144 Nd CHUR = 0.512630,
	138 Ce/	142

176

Hf/ 177 Hf CHUR = 0.282785 [

[START_REF] Bouvier | The Lu-Hf and Sm-Nd isotopic composition of CHUR: constraints from unequilibrated chondrites and implications for the bulk composition of terrestrial planets[END_REF] 

Ce/ 142 Ce ratio can be generated in less than 100 Ma (see Figure1in[START_REF] Bellot | Ce isotope systematics of island arc lavas from the Lesser Antilles[END_REF]).
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Swartuggens kimberlites, South Africa [ [START_REF] Coe | Petrogenesis of the Swartruggens and Star Group II kimberlite dyke swarms, South Africa: constraints from whole rock geochemistry[END_REF][START_REF] Nowell | Hf Isotope Systematics of Kimberlites and their Megacrysts: New Constraints on their Source Regions[END_REF][START_REF] Smith | Pb, Sr and Nd isotopic evidence for sources of southern African Cretaceous kimberlites[END_REF][START_REF] Smith | Geochemical character of southern African kimberlites: a new approach based on isotopic constraints[END_REF]. (8) Leucite Hills lamproites, Wyoming USA [ [START_REF] Mirnejad | Origin and Source Evolution of the Leucite Hills Lamproites: Evidence from Sr-Nd-Pb-O Isotopic Compositions[END_REF][START_REF] Salters | The mantle sources of ocean ridges, islands and arcs: the Hf-isotope connection[END_REF].

( (2) R2 = Pacific Authigenic Weighted Mean sediments (PAWS, [START_REF] Hole | Subduction of Pelagic Sediments -Implications for the Origin of Ce-Anomalous Basalts From the Mariana Islands[END_REF]). The Ce isotope composition is considered to be identical to that of R1 2.5 Ga ago.

(3) R3 = mean composition of sedimentary material drilled in Kemadec, Tonga, Vanuatu, Marianas and Izu-Bonin trenches (data from Plank

[2013]). The Ce isotope composition is considered to be identical to that of R1 2.5 Ga ago.

(4) Mean Oceanic Crust. REE contents are from Hofmann [1988]. The initial Nd isotope composition of OC is from DePaolo [1981]; the corresponding ε 138 Ce values at 2.5 Ga have been calculating assuming εNd/ε Ce ~ -10 and is equal to -0.26.

(5) REE and Hf contents are the mean values of the 3 most primitive samples of Rurutu, Cook-Austral Islands (namely RRT-B21, RRT-B30 and RRT305-2 that are characterized by the highest MgO content: 10.6 -12.6 wt%) amongst the samples listed in GEOROC [ [START_REF] Hauri | Re-Os isotope systematics of HIMU and EMII oceanic island basalts from the South Pacific Ocean[END_REF]1997]. Nd and Hf isotope compositions are mean values measured on Rurutu young volcanics [ [START_REF] Stracke | FOZO, HIMU, and the rest of the mantle zoo[END_REF], the corresponding ε 138 Ce value has been calculating assuming eNd/eCe ~ -10. (6) The FOZO source concentrations are recalculated using 5% of batch melting and bulk partition coefficient of a garnet peridotite (55%