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ABSTRACT 

RÉSUMÉ 

Rare earth clement abundances and Sr, Nd, Pb isotope compositions have becn mcasurcd 
on zero.age dredge sample from the Rodriguez Triple JunclÎon (RTl) and the South-East 
lndian Ridge (SEIR). Along the SEIR. the geochemieal "halo" of the St . Paul hO( Spol has 
a half· width of about 400 km and the data may he fairly weil accounted for by a binary 
mixing between an Indian MORS-Iype component <"Sr /S6S r = 0.7028 •• 43Nd / ''''Nd = 
0.5 1304. 206Pb/ lOIPb = 17.8) and lhe plume·type SI. Paul componenl (0.7036. 0.5129. and 
18.7 respeclively). The a1ignmcnI of thc !ead isotope data is particularly good wilh an ap
parent age of 1.95 ± 0.13 Ga and Th / U sourcc value of 3.94. One sample dredged on the 
ridge 60 km southeast of SI. Paul bears a definite Kerguelen isotopic signature. 
The RfJ has distinctive geochemical propcrtics which contrast with those of the adjacent 
ridge segments. Low 206Pb /204Pb ratios which plots to the left of the geochron. rather high 
lDIPb/204Pb and IlSr /IA>Sr ratios (17.4. 37.4, and 0.7031 respectivcly). a striking isotopic 
homogeneity. and variable LREE/HREE frdctionation with (La/Sm)N = 0.3-0.8 make this 
triple junction an anomalous si le. 
The geochemical propcrtics of the Indian Ocean basalts have been examined using a Ihree
componenl mantle model involv ing (a) nonnal MORB· type source Ihough 10 represenl the 
depleled upper manlle matrix. (b) an OLS-type source of unccrtain parcntage (recyclcd 
oceanic cruS! ?). and (c) a component with low )..1. low Sm / Nd. high Rb / Sr (lime-average 
value) which is tentatively assigned 10 ancient hydrothermal and abyssal sedimems recycled 
in the mamie. The high 20IPb / 104Ph and IlSr INsr ratios IYpicai of the Dupai anomaly are 
like ly due 10 the widesprcad distribution of this laller component in Ihe basait source from 
Ihis area. including Ihat for MORBs. 

Oceanologica Acta, 1990. Volume spécial 10, Actes du Colloque Tour du Monde Jean 
Charcot. 2-3 mars 1989. Paris. 143·152. 

Géochimie du manteau au point triple de Rodriguez el à la dorsale est-in
dienne 

Nous avons mesuré les concentrations en terres rares et les compositions isolopiques de 
Pb, Nd el Sr de basaltes d'âge ûro dragués sur le point triple de Rodriguez et la dorsale 
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est· indiennc. Le long de la dorsale esHndienne, le halo géochimique du panache de Saint· 
Paul a une demi·longueur d 'environ 400 km, c t les donnée s'expliquent aisément par un 
mélange binaire entre un composant type basalte de rOcéan Indicn (17SrtilSr = 0,7028, 
1HNdr'Nd = 0.51304, lO!iPbr'Pb = 17,8), et un composant Saint· Paul de type panache 
(0,7036,0,5 129 el 18,7 respectivement). L'al ignement des données dans les diagrammes 
PI)..Pb est paniculièrement satisfaisant. Il indique un âge de 1,95 ± 0.13 Ga et une valeur 
Th/U pour la source de 3,94. Un échantillon dragué sur la dorsale à 60 km au sud--est de 
Saint· Paul a une signatufC isotopique de type Kerguelen. 
Le point triple de Rodriguez a des propriétés géochimiques caractéristiques, qui COlll rastem 
avec celles des dorsales adjacentes. Ainsi de bas rappons 206Pbf04 Pb, situés à gauche de la 
géochrone, de hauts rappons :!OIIPbr'Pb et 17Srf6Sr (17,4, 37,4 et 0,7031 respectivement), 
une homogénéité isotopique remarquable el des fractionnements lerres rMeS légères/terres 
rares lourdes avec des rappons (La/Sm) N = 0,3-0,8, font de ce point triple un site anonnal. 
Nous proposons un modèle de manteau à trois composants pour expliquer les propriétés 
géochimiques des basaltes de l'Océan Indien: a) une source basalte des dorsales (MORS); 
b) une source basalte alcalin (OLS), componant éventuellement de la croûte océanique re
cyclée; c) un composant à II fa ible, à bas r.1ppons Sm/Nd et haut rappon Rb/Sr, que l'on 
suppose être d'anciens sédiments abyssaux d'origine hydrothennale recyclés dans Je man
teau. Les hauts rappons lDIpb/lOoI pb et 17Srf'Sr caractéristiques de l'anomalie Dupai . sont 
probablement le fait de la présence de ce composant dans les sources des basaltes de ce"e 
région. CI notamment dans celle des basaltes des dorsales (MORS), 

Oceollologica Acta , 1990. Volume spécial 10, ACles du Colloque Tour du Monde Jean 
Charcot, 2-3 mars 1989, Paris. 143- 152. 

INTRODUCTION 

Trace e lement and isotope geochemistry of Mid-Ocean 
Ridge (MORS) and ocean-island basalts (am) have Icd 
to diverging models of mantle convection, A fir.;t class 
of models calls for a layered mantle with two inde
pendently convccting layers : the uppet mantle which twO 
independently convecting Jayers : the upper mantle which, 
by extraction of its fenile component OQW stored in the 
continental cruSt. is the source of the MORBs while the 
more primitive lower mantle is the source of Dm plume 
material [1.2). A second class of models [3.4) is bascd 
on a whole maotle convection ("plum· pudding mande") : 
low degrces of melting involve sparse remnanlS of ancient 
lithosphere [5.6] , which are more fusible and enriched in 
incompatible clements; more extensive melting transfcTS 
more material from the residual mantle matrix into the 
melt which has MORS geochemical chacacteristics. 
Whereas Davies [71 has convincingly demonstrale that 
mixed models fit . as weil, the geochemical data on oceanic 
basalts, the identification of chemical heterogeneilies in 
the mantles and the estimation of thcÎr extent in space 
and time are fundamenta l observations against wh ich any 
convection model must he tested, 

Dupré and Allègre (8] have shown the existence in the 
Indian and South Atlamic Ocean of a coherent zone in 
which both MORSs and OlBs have anomalous 17Sr /16Sr, 
207Pb /2(I.IPb. and 201i Pb /2O-Ipb, and MPb /IDtPb ratios corn
parcd to the basalts of the main Atlantic / Pacifie trend 
(MAIT). In support of the layercd mantlc model, Ihey 
ascribed the source of this anomaly 10 recent reinjection 
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of sediments into the lower mande. Hart (9). who coined 
the tenu of Dupai anomaly for this zone, suggested that 
it may prcdale the events (cruSI extraction ?) which, some 
2000 Ma ago on average. produced the present-day 01).. 

scrvable isotopie hctcrogcncities in the upper mande and , 
to sorne exten!. in the cruSt, ln any case, the question of 
how such a regional anomaly may remain coherent and 
pcrsist in lhe southem hemisphere must be addrcssed. 

The Rodriguez Triple Junction (RTJ). meeting point of 
three plates (Africa, India, Antarctica). is a major structure 
of the Indian Ocean. The connuence of three spreading 
centres. each of differenl chardCter, marks the site of the 
triple junction at 25'7'S. 7û"E, Ihis junction is a ridge
ridge-ridge type (10]. The evolution of the Indian Ocean 
suggests that the triple junction has operatcd since the 
Upper Cretaceous Ill]. The RTl is a singular point of the 
Indian Ocean convective system, wi th a position well 
within the Dupai anomaly, far from any major ocean is
land. Its predic lably specifie thennal and mechanical reg
irne should lead to unusual melting and advection 
conditions, and provide useful inronuation on the major 
components of the local upper mantle. 

ln Ihis work. Sr, Nd, and Pb isolopes and REE concen
trations are used to characte ri ze the mande geochemistry 
beneath the RTJ, which. in the light of earlier published 
17Sr /II.Sr data, has been considered to be enriche<! in a 
plume-type componem (12,131. ln addition. based on 
samples which are regularly spaced along the South-East 
Indian Ridge (SEIR) between the RTJ and SI. Paul
Amsterdam Islands, we have investigaled the scale of Ihe 
influence of thi s hot spot along the SElR. 



GEOLOGICAL BACKGROUND AND 
SAMPLING 

The morphology and the evolution of the RTJ have been 
surnmarized by Schlich et al. 1141. The Ihree ridges spread 
at different half-rates, 2.95, 2.73, and 0.73 cm 1 yr for the 
SEIR, the Central (CIR), and the South-West Indian Ridge 
(SWIR), respeclivcly. The samples analysed in Ihis srudy 
were collccted during IWO cTUises around the RTJ (Ra
driguez expedilion Je 2-3 of the R!Y Jean Charcot, MD 
23 of the Marion Dufresne) and another along the SEiR 
(MD 37) of the Marion Dufresne. 

We have analyzed onc sample from the triple point sensu 
striClo and one from each ridge branch taken within 20 km 
of the RTJ or less. For the sake of comparison, one sample 
from the CIR and one from the SWIR dredged al a dis
tance of 400 km from the RTJ have becn included in this 
study. Another sarnple from lhe SWIR was taken 200 km 
from the RTJ inside a dcep aseismic canyon. Seven 
samples have bcen chosen with a mther even spacing 
along 1800 km of the SEIR with IwO of them in the close 
vicinity of the St. Paul island and one from the island 
ilself. In view of Ihe importance given 10 the SWIR 
sample 34-05 [35J in the forthcoming discussion, an 
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aliquot of thc sample has been reanalyzed to achieve a 
high-accuracy measuremenl of the 1.uNd I I4-4Nd rat io, and 
10 provide information on ilS REE content. 

The age of samples but one may he considered to he zero. 
Sample 23-3 has a dislance-Ia- the-ridge age of 670,000 
a bul the freshness of the glass suggesls a younger upper 
limit of Ca. 20,000 a. Ali samples but 37-2 and SPI are 
fresh and glassy but occasionally contain pheoocI)'sts of 
olivine, clinopyroxene, and, in the vicinity of the RTJ, 
abundant plagioclase (Humler and Whitechurch, unpub
lished data). 

Sample localion (Fig. 1), depth and distance from the RTJ 
(not corrected for transform faull offsel) are g iven with 
results in Table 1. 

ANALYTICAL TECHNIQUES 

Millimetre-sized pieces of unaltered basalts were chosen 
under the binocular microscope. Leaching in 'lN HO for 
Sr and Nd isotope compositions and in 6N HCI for Pb 
were performed prior 10 d issolution. Sr and Nd isolope 
composilions and Rb, Sr, and Nd concentrations were de-
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lennined on Ca. lOO-mg samples using the techniques de
scribed by Aliben el al. (16) and Michard el al. [17] . Pb 
is eXlracted from 1 g of rock using Ihe Manhes 11 8) tech
nique with three sleps of HBr elution on anion exchange 
resin. The bank for the whole procedure on a I-g sample 
is Jess than 0.8 ng of lead. 

Isotope Standards have been analyzed in Ihe course of this 
study: 17Sr /~r = 0.707982 ± 30 (Eimer and Amend), 
l'lNd /'«Nd = 0.512639 ± 15 (BeR 1). Rcplicate analyses 
of the $RM 981 lead slandard compared 10 Ihe recom
mended values lead to a d iscrimination faclor olf 
1.0 ±O.2 CJE,., per mass unit. 

For REE concentmtions. lOO-mg sample aliquols, 10 

which a combined spike was added, wert dissolved in a 
HF·HNO)·H004 mixlure. A first elution on a 4-cm· long 
calion exchange column, using Hel as the eluant, rem oves 
major elements and produces a REE-enriched fraction. 
Then Ihe REE are splil in three groups. Lu-Gd, Eu-Ce, 
La on a small column of cation exchange resin with 2-
methyl· Jactic acid of drccreasing IlOrmality. La is run on 
the oxide beam with a sing le W fil ament, whereas the 
IWO heavier groups are analyzed on the metal beams with 
a double Re filament . 

RESULTS 

In the I~Nd /'«Nd_"'Sr I~r correlation diagram (Fig. 2) 
nearly ail samples plot in Ihe lower part of Ihe MORB 
field wilh much less spread than Ihe data of Le Roex el 

al. (1 91 fo r Ihe soulhem part of the SWIR. The sample 
taken in an asismic zone of lhe SWIR plols in Ihe middlc 
of Ihi s field. The value of the basait of St. Paul Island is 
close 10 those of Bouvet [20.21]. The rock dredged on 
the ridgc near SI. Paul falls in the Kerguelen field (22J . 

ln more detail. Ihe samplcs laken from Ihc vicinity of Ihe 
RT} present slightly higher "'Sr I16Sr ralios than the 
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Results 011 /M lndian Ocean btuolls in a /lJNd , 144Nd vs. 115r ,II6Sr 
diaxram. Key for large ~mbols : 0 = /riple JUItCIiOll u. Sowh·&w 
IndÙlll Ridge : 0 = Triple juttC/ion s.l.. 0 = SEIR: . .. St. PQuI /slatul . 
• = -Kugue/en·type" sumple 37-6. SOUlh·We.!l Indian Ridge: 0 = /riple 
jUlIe/ion s.l. and SWJR: a " 34·DS (Ihis worJ; and fi S/). Cerurallndian 
Ridge : A • /riple juoc/ion s.l .. 8 = Cfli . Smalltr symboIs are da/a 
from I~ /furo/ure 18.15 .19}. Fields : Morb .. AIlan/ic and Pacifu: 
MORDs / IJ .1I ,4(J,5o,57/ . W .. WQ/~is Ridge /J4/. K :: Ke,,~len 
(11.26}. B '" Bouve/ {/9/. T~ llUf(e sqwuu are suXXes/ed end·memb/l". 
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uad isotope da/a. For symbols su Fig. 2 : symbol siu include.s t)'pical 
error. (a) Regression!i/U! drown f rom /M SEIR and SI . Paul dola only. 
The age assacialtd with Ihe slope is 1.9S ± 0 ./3 Ga. The RTl Ua/a pOÎn/s 
fall 011 the left of both /his line and /~ 4.56 % Ga geochran. (b) Re· 
gressian line calc:ulaud as in (a) bUi /he RTl data points MW fall 011 
/he Une. Model Th/U il J .94. Key for da/a fte/ds : ST .. St. /IelellQ 138.40/ 
T .. T~1i 119}. M '" Marqumu fJ9} . GO .. Gough {4O/. R .. ReUll jon 
ml/. 

samples taken 400 km apart on both the cm. and SWlR. 
Thc same comparison holds wilh Ihe samples from the 
SWIR analyzed by Hamelin and Allègre [ 15J and from 
the Carlsberg Ridge [8.23,24}. The field for the SEIR 
overlap thal of lhe RT} excepl for one sample wilh a 
slightly lower J1Sr 116 ratio. Less varialion is observed the 
1.1Nd /'«Nd ratio which is lower Ihan the average €HcI :: 
8- 10 only for lhe samples near St. Paul. 

More variation is observed in the lead isotope diagrams 
(Fig.3a and b). Thc samples from lhe RT} s.l. have the 
lowesl 106Pb IlOC Pb mtio which confirms Ihe existence of 
very unradiogenic 206Pb lead in the mantle beneath Ihc 
Indiun Ocean (8,15,25] . ln comparaison. the lO7Pb/ lOCPb 
ratios are sorne 3%0 higher Ihan lhe MAPy. A fairly good 
linear correlalion is observed along therr SEiR which ex
tends from 200 k.m away from the RTJ tO southwest of 
SI. Paul sample fal ls on the same alignrnents, i.e. slightly 
below the SI. Paul and AmSlerdam data of Dupré and Al
lègre 18). The trend lies above the MAPT more dislinclty 
for lOIPb /lOCPb than for 201Pb / 104Pb bul below thc Ker
guelen field of [)osso et al. (26). A nOliceable exceplion 
is the sample 37-6, which was dredged on a ridge segmenl 
belwcen thc Ninety-East Ridge and the Kerguelen Plaleau 
and falls close to the Kerguelen field . The slope of the 
SEIR trends correspond to an age of 1.95±0. 13 Ga and 
a K value of 3.94. 
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VDrWtioM olJ,LaJS'DJv and 2Q)Pb / 1{)4 Pb ..,itlr tht distallCt /rom Iht tripit 
poinl. TM - Pb / Pb CJU"I.'C hm a pronolU1Ctd minimum al lM RTl. 
W/2 is lM hal/-M'idllr 0{ lM hot·spot halo. 

When lO6Pb /lO-IPb and La / Sm are reponed vs. the dis
tance lO the triple junction (Fig. 4), smooth variations are 
obtained and three main feature become apparent : 

- The SEIR presents an isotopie signalure distinct from 
Ihal of the cm and SWIR for Pb and la a lesser exlenl 
for Sr (nol ploned); previously published dalafrom lhe 
SWIR [15] are in accord wilh this fanding. 
- The RTJ is a low in 206Pb / 104Pb and has highcr 
17Sr /~r ratios lhan the ClR and the SWlR. 
- The anomalous iSOlopic halo extends over 300-500 km 
nonhwest of the SI. Paul hot spot; skewness of lhe curves 
is due to the unique "nonnal" sample 37-5 collected south
east of the Island. Undersampling of the SElR presently 
makes lhal estimate somewhal uncertain. 

The REE clement pallcrns (Fig. 5) uf Ihrce samples from 
the RTJ are barely distinguishable and are typical of nor
mal MORBs wilh (La - Sm)s = 0.6-0.8. ln Conlrast, the 
(ounh RTl sample (23-3). taken from the OR branch, ha~ 

a pronounced LREE depeltion (La 1 Sm)N = 0.28 with a 
nearly similar Yb concentralÏon. As St. Paul isl and is ap
proached, the (La.Sm)s ratio increases 10 1.5. Sample 37-
5. southeast of SI. Paul, has a LREE depeltion similar 10 

thal of 23-3 but with concentrai ions higher by a factor 
2-3. Sample 37-6. wruch presented anomalous isotopic Ta

tios, presents a more eruiched REE pattern sirnilar to that 
of the St. Paul sample. A positive correlation exislS be
tween the Rb / Sr and the (La / Sm)s ratios mostly con
trolled by the samples from ncar St. Paul. Sample 34-05 
presenlS a pattern with fiai LREE (La / Sm)s = 1 and a 
marked positive Eu anomaly likely associated with lhe 
large amounl of plagioclase phenocrysts observed in tbis 
sample. 

DISCUSSION 

This study louches 011 severa! problems related tO the re
gional geochemisny of the Indian Ocean basalts. Mix.ing 
of the St. Paul plume-type material along the SElR with 
normal MORB basalts and Ihe discovery of a specifie 
mande signature below the RTl will help identify the 
major componenlS in the mantle benealh the lndian Ocean. 
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Figu~ 5 

C/wndriM-fU)f"maJizro REE palllrlU for lM difftrtnl groups of Sf.lmplts. 

Mixing processes along the South-East Indian Ridge 

Schilling (27J bas recently shown that widlh of the geo
chemical anomaly associated with hot spots along the 
Mid-Adantic Ridge dccrcascs monotonically with the hot 
spot distance 10 lhe ridge, or somewhat equivalently, with 
the age of the oceanic floor underlying the active volcanic 
center. The disll1ncc of St. Paul to the ridge is not unam
biguously dcfined as this Island rests abnost perfecl1y on 
the lrace of li fracture zone, but does nOI exceed 50 km. 
Such a value associated with the 300-500 km half-width 
of the hot spot halo on the SEIR places SI. Paul on the 
Schilling's trend in spitc of the unusual gcochemical ehat
acteristics of Ibis area; The model of mantle plumes 
deOecled by migrating ridges which this author uses 10 

explain this relationship may weil; be of quite general 
relevance. 

The correlation obtained on lead iSOlopes and the varia
tÎons of the (La / Sm) .... mtio can be Întcrpreted as resulting 
from a binary mixing process bclween an OLS-type and 
a MORB-type component [28-301. Tc test this hypothesis. 
a least-squares mixing hyperbola is calculated in a 
lO6Pb /lO-IPb versus (La 1 Sm)s diagram (Fig.6) wbich 
shows the largest spread in measured values. The method 
of Juteau el al. [31] which has becn used fo r this caJcu
lalion, emphasizes the position of Ihe asymptotes and 
hence consuains the end-member values. If one removes 
sample 37-5. which was shown to present an anomalous 
REE pattern, the points from the SEIR. define a single 
hyperbola witrun the eITOr bars. The om end-member 
should have a lO6pb / 104Pb ratio higher than the St. Paul 
value of 18.7 and lower than the asymptotic ratio of 
19.5 ± 0.3. Similarly. the (La / Sm)N ratio of the MORB
type component should be less than the minimum value 
of 0.63 near the RTJ bUI exceeds the asymptotic ratio of 
0.3 ± 0.2. Other plats have been tried which, due 10 small 
variations, give results consistent with the binary mixing 
hypothesis bUI more imprecise. 

ln a lmPb /JtI.IPb vs. 206Pb /Jtl.lpb diagram. the SEm trend 
illlersccts the geochron at Ihe sarnc point as the ocean 
island basait subarrays considered in Ihe IWO-Slage evo
lution model of Chase (6). As for islands from the Indian 
Ocean (Réunion. Kerguelen), the slope of the SEIR sub-
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array is higher and the inlcrcept is lower lhan for the is
lands of the MAPT. l'wo conclusions can be drawn From 
Ihis property : (l) each trend correspond 10 a quasi-binary 
micture belwccn a radiogenic and a non-radiogenic end
member, and (2) the non-radiogenic compone nt, pre
sumably of the normal MORB type. is CQmmon 10 each 
mixture. 

The Kerguelen-type charactcristics of sample 37-6 are in
Iriguing as Ihis ridge segment is much rcmate From the 
Kerguelen island ( 1000 km). They suggcsi that. in spilc 
of such a large distance and in the vicinily of a hOI spot 
wilh different isotopie properties, sorne plume magmas 
erupted along the ridge may escape significant dilution 
by the normal MORS-type liquids. Scaling of movemcnts 
in the manlle would sugges! Ihat deplh and surface ex
tension of the Kerguelen anomaly should not be of greatly 
different magnitude. hence placing the origin of the plume 
weil within the lower mantle. 

The Rodriguez Triple Junction 

As prcviously nOlcd by Frey et al. [32j and Priee et al. 
[331. the basalts associated with the RTJ have high 
n Sr / ~r ratios coupled with LREE deplelion. The isolope 
composition of Sr. Nd and. to a lesser extent. Pb are ho
mogeneous, except for sample 23-3 which is more dep
leled in LREE. Sr, Rb. As already pointed OUI, lhe RTJ 
basalrs cannot represent the MORB-type and member of 
the SEIR pseudo-binary mixlure as they have lower 
206pb /1l)oIPb and higher '7Sr JUSr rotins and lie above the 
lO7Pb /lOlPb vs. I06Pb /104Pb trend of the SEIR. Thc low 
206pb/ 104Pb and the LREE deplelion of the RTJ samples 

<; , , l , l , , , , , 1 0 
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Figure 6 

T"t': leau quara hyperbolu and ifS 95 % ('(Illfidmu; surface ca/culaud 
""'ilh SI . Paul and fil't': SEIH. data pailt/s. !W,.,,';" J7,fj. SOIllht':US1 of SI. 
Paul. M S bult omit/w. 
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prec1ude involvement of a plume component. They rather 
suggesl similarly with one end-member of the Walvis 
Ridge basalts [34j and with the extremely anomalous 
sample 34-05 of Hamelin and Allègre [15J from the 
SWlR. 

Yb concentrations do IlOt differ by more than 15 % for 
ail samples whcreas the (La / Yb)/'I ratio changes by aimost 
a faclor 4. If differenl degrees of panial melting of a single 
peridotitic source were the cause of different REE pat
terns, Ihis would indicate sorne sort of buffering of the 
HREE concentrations. Such a buffering could be achieved 
by minerais lert in the residue, either few percent of gamet 
or a more substantial proportion of c1inopyroxene. 

The REE heterogeneities undemeath the RTJ have to be 
recent : the total variation of the 14JNd /14olNd ratio at the 
RTJ is less than what the mest extreme 141Sm /1401Nd 
difference would produee in 10 Ma by mdioactive decay. 

Heterogeneities in the Indian (kean Manlle 

The geochemislry of the present basalls requîres thal the 
mantle beneath the RTJ and the SEIR involves at leasl 
three componenls . a conclusion which is readily extended 
to mest of the Indian Ocean and South Atlantic [8,15,341, 
ln a comprehensive plot of the Pb. Sr and. Nd isotopie 
data on basalts from Ihese regions. we have selected on 
a rather subjective basis three possible extreme com
pcnenlS labelled OM for the MORB-type depleted mantle. 
EM for the OIB-Iype enriched mantle. and Re for the 
34-D5-like end-member respectively (Tab. 2 and Fig. 2. 
3, 7). This selection has been guided by the requirement 
that. with few exceptions. the points representative of the 
samples should fall inside a triangle. either Iinear or 
curvilinear depending on the coordinales. detennined by 
the three end-members. 

As pointed out by Oavies [7 1, the alignment of the om 
subarrays in Pb-Pb diagrams. which now extends to the 
SEIR. and their convergence lowards nearly the same 
poinl 161 is unexpecled in a three-componcnt mantle. A 
preliminary reduction of lhe degrees of freedom from 
three to two must take place prior to the late phase of 
binary mixing and eruption, ln ail the isotopie plats. a 
fairly gcncral process may be envÎsioned if variable pro
portions of Re component are homogeneously mixed with 
both the EM and the OM eomponenl : 

Table 2 
Isotope composition and (LalSm)N value of the suggested three 
end-members 

Compone"! DM EM Re 
31Sr f86Sr 0.7025 0.7035 0.7055 
143Nd f Tl44Nd 0.5132 0.5128 0.5123 
2œPb fID4PIJ 17.75 20.' 165 
2ffI Pb f2041'b 15.39 15.65 15.52 
208Pb ,204Pb 37 40 37.5 
(La , Sm)N 0.3 2 ? 
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- The radiogenic componcnt of the 018 considered by 
Chase [6] and the SEIR would result from the mixing of 
commensurale bu variable proponions of EM and RC. The 
lower the slope in lhe Z01Pb IZObPb vs. MPb IJlNPb diagram . 
the more diluted the RC in Ihe EM component. The 
MORB· like component obscrved in lhe SEIR basalls is 
largely dominaled by the DM component. which cnsures 
convergence of Ihc Pb· Pb subarrays lowards the mixing 
point. 

- The RTJ basalts m3y bc explained as aRC-DM mix 
wilh a more significant proponion of the Re componcnl. 

- In lead-Iead diagrams. where binary mixing produce 
linear arrays. Ihc Wal vis Ridge data converge between the 
DM and RC components; in this casc a well-mixed DM· 
RC end-mcmber is apparently addcd to EM component 
mixed with an unknown bUI small proponion of RC. 

Underlying this approach is an assumption conceming the 
seale of iSOlopic hetcrogeneilY wilhin the mamIe : pre-ho
mogenizat ion of lhe Re wilh both the DM and EM corn
ponents is suggeslive of small-scale homogcneily and 
large seale hClcrogeneity of the RC distribut ion with in the 
mantle. An isolated group of islands or a limited segment 
of the rîdge system is char.tc terîzed by specific proponions 
of Re in cach end·mcmber of the quasi-binary mixlure 
whÎch is dcmanded by the isotope correlation diagrams. 
ln contrast. distam islands reveal subSlanlial isolopic var
iations. panicularly in the apparent EM 1 Re proponion. 

The assignment of each polential end-member tO a par· 
licular mantle source is somcwhat subjective as both their 
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aClUal number and geochemical propcnies remains specu
lative. If the thTee end-member model (DM. EM. and RC) 
defined in Figures 2, 3 and 7 is acceplcd. the nature of 
the associalcd mande source may be constrained with a 
variable degree of confidence : 

- The deplcled mantle source (DM) has Ihe lowest 
PST l'II>Sr. 1lI7Pb I~Pb. D Pb IXltPb. (la 1 Yb) ... , and Rb 1 Sr 
ral ios. the highesl l ~lNd 1140INd and moderately low 
lO6Pb 1204 Pb ·Table 2). Il requires a long-Ienn depletion in 
LlLE and has been usually assigned 10 the residual upper 
mamie involved in many cycles ofmclt eXlraction [35-37) . 
N-Iype ("normal") MORBs derive predominantly From 
Ihis source which may reprcsent the refraclory malrix of 
the upper part of the convecting mamie . 

- The enriched mande source (EM) has the most radio
genlc lead and the highest (LalYb)", ratio. PSr IUST and 
lHNd l '''Nd being imenncdiate between DM and Re 
values. This component is represemative of what is known 
colleclively as Ihe "plume-Iype" component and emers 
largcly mast oceanic island basalls. An end-member of 
the SI. Helena or Tubuii type (" Sr l"'Sr ;;; 0.7028; 
2!l6pb 110IPb > 20) providc. .. a beller c10sure than an end· 
member with a higher 11Sr IMSr (0.704-0.706) bUI Jower 
2!l6pb/ lOlPb (19.0-19.5) charaelerîstic of Marquesas or 
Society islands 138.39j. Separation from a reservoir shared 
by MORDs and the correlalive enrîchment in LlLE has 
taken place with a characteristic lime of 1-2 Ga which 
eilher reflects discrele geological events (6.1 3.40) or Ihe 
mean age of a series of evenlS 141]. The EM source has 
becn assigncd to recyc1ed ancient oceanic lithosphere wi th 
spherica1 emphasis on Ihe LlLE enriched oceanic CruSI 
[4-6]. This hydrOlhermally altercd oceanic crust is ex
pected ta have a high U 1 Pb ra tio Ihan the surrounding 
manrle [42.43). Altematively. the EM source has been 
considered 10 reprcsent a ralher primary mande which Ihe 
multiple stages of MORS producing melting [1,21. This 
latter point of vicw has been lenl suppon by rare has iso-
10pe compositions indicative of liu le oUlgassing in sorne 
OISs 144.45J but conflicts wilh lO6Pb /204Pb and 
:mPb I 204Pb ratios which are largely off the geochron. In 
bolh cases. the EM source lies beneath the DM source 
and ilS association wilh hot SpolS suggeslS Ihal il is located 
al a deep mantle level. Other assumptions such as mctaso
malÎsm [34] or sampli ng of an ancient continental 
Iilhospheric keel {46) are presently somewhat less con· 
slrained by geochemical dma. 

- The RC end-membcr may be characlerized by ex
lremely low 206Pb I 204 Pb ratios coexisling with low 
1' 3Nd / 1" Nd but intermediate to high 207Pb /2GIPb, and 
IlSr I 86Sr val ues. Whatevcr part icular mande component 
is Ihought to be responsible for the properties of Ihis end
member. the queslion of why ilS occurrence is apparently 
reslriCled to the Indian Ocean will have ro he addresscd 
in Ihe future. The chance Ihat Ihis component has been 
simply overlooked in olher areas is probably rather high. 
Ils unique propenics scem 10 reneet il long lenn evolution 
in low )l, low Sm 1 Nd. and high Rb 1 Sr source which is 
indeed consistem wllh the trace element content of basalts 
which are most enrichcd in this compement. For Ihe 
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sample 34-D5 itsclf, Hamelin and Allègre (15J consider 
several hypotheses but do not come up with definÎtive 
conclusions. One may first argue that this component has 
a few geochemical characterislics similar 10 lhose of a 
hypothetic primitive mantle (Tab. 1) especially if one aI
lows for a substantiaJ uncenainly in the Bulk Earth values 
[7,47). However, the position of the presumed Re end
member is far lefl of the lead geochron and, for secondary 
isochrons which would converge lowards the interseclion 
of the oceanic island subanays. in a "forbidden" par of 
the lO6pt, l~pb-107Pb /2OfPb diagrMIl. h is our contention 
mat the present gc<x:hemical characterislics are e3Sier 10 
reconcile wilh contamination by old recycled sediments 
entiched in LREE and Rb relalive 10 Sr. The inferred 
lower I..l value docs not fit Donnai detrital material of con
tinental erigin. A veneer of hydrothennal dcposits and 
abyssal c1ays covers ridge flanks. where they are progres· 
sively buried under terrigenous sediments. The U 1 Pb 
ratio of hydrothennal waters from the East Pacific Rise 
vents is aImost zero as a result of seawater U uptake by 
and PB leaching tram the oceanic c rust 148,49J. Dasch 
{50J has shown Ihat they present a lcad isotope signature 
intermediate bctwccn thase of MORBs and continental 
detritus whereas their ~ value is certainly fairly low {51 J. 
Abyssal sediments have aIso quite high Th 1 U ratios [521 
which would he consistent with the rather high value in· 
ferred from the lOIPb jlO4Pb-~ jlO4Pb diagram. TIleir 
lower stratigraphic position at the top of the basaltic layer 
makes likely that pan of them survive scraping or under· 
plat ing along convergent boundaries and are subducted to 
the mant1e, thereby giving rise ta a subordinate but wide· 
spre(.ld component of the basaIt source. 

Implications for mantle structure 

The three-component model which is prcsentcd here im
plies that no pan of the mantle which behaves as a source 
for basalts is really pristine. If the anomalous isotopie 
properties of the Indian and South Atlantic Ocean basalts 
(the Dupai allOmaly of Hart (9)) relates to a component 
of recycled sediments (RC), such a component must be 
present in close association with 

- the nonnal MORE source undcr the Rodriguez Triple 
JWlction. the South-East Indian and Wal vis Ridges; in the 
laller case. homogenization of the two componcnlS took 
place prior to mixing with EM-type melts; 
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- the enriched mantle source which produces most 
oms; homogenization with variable proportions of Re 
before interaction with the nonnal MORB source or melts 
is implicit in the asswned convergence of lead isotope 
subarrays for oceanic islands [6,9J. 

Finally. it is wonh stressing that the RTJ, in contrast with 
the Azores {30J. Bouvet (531. Galapagos [54], and Afar 
[55] triple junctions. is not associated with a hot spot nor 
with any appreciable om geochemical signature in 
basaJts. Whether the presence of the RC component in 
the source has a gcophysical role in determining the posi
tion of thls triple junction. just as could he the case for 
hot spotS [12], is largely speculative al the moment but 
probably will deserve further anentÎon. 

CONCLUSIONS 

This study or samples dredged in the center of the Dupai 
anomaly leads [0 a few major points: 

- The South-East lndian Ridge basalts may he accounted 
for by a binary mixing between an Indian MORB and an 
om end· member. Influence of the latter component, asso
ciated with the St. Paul hot spot, is still substantial 400 km 
northwest of the island. 

- Basalts from the Rodriguez Triple Junction are iso· 
topically homogeneous and distinct from the SEIR 
MORBs. They are likely produced by a muhistage 
process. 

- The source of SEIR and RTJ MORBs must involve 
variable proportions or a component which is tentatively 
assigned to recycled ancient hydrothermal and abyssal 
sediments. 
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