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from the Lau Basin 

XAVIER BOES!'FL.UC, Li\LJRE Dosso, HENRI BOUCI\UL:I' & jEAN-LOUIS JORON 

back-arc basins, mid-ocean ridges, b<tSalls, andesiles, major element analyses, rare earlhs, lrace ele
menl analyses, Sr-B7 /Sr-86, Nd-143/Nd-144, subduction zones, sea-floor spreading 

Smtlh \IVesl Pacific, Lau Basin 

A b s lr a c l: Rock samples have been dredged clming S0-35 and SEAPSO JV cruises (1984 and 
1985) from cliJTemnl spreading ridges in lhe Lau Basin, soulh-weslern Pacific. They were analyzed 
for major and lrace elemenls and isotopic ralios (Sr, Nd). Nmlhem Lau Basin samples show 
N-MORB type characlerislics, bolh in major andlrace elemenls, whereas soulhern Lau Basin ones 
are differenlialed and show significanl Ta-Nb negalive anomalies in lheir extended REE pallerns, 
which is characlerislic of subcluclion zones.lsolopic ralios (Sr, Nd) are quile helerogeneous and in
lermediale bel ween MORB and island arc values. The norlhern Lau Basin Ridge has geochemical 
characlerislics suggeslive ofmedio-oceanic lype spreading, whemas lhe soulhem LauBasin Ridge 
(Valu Pa Ridge) wilh ils geochemical characleristics influenced by subcluclecl slab material, could 
eilher be a nascenl island arc or corresponcllo an inilial slage of back-arc opening. 

A comparison of lhe LauBasin resulls vvilh lhose from the North Fiji Basin andlhe Okinawa 
Trough shows geochemicallrencls thalmflecllhe evolution from a rifling slags (island arc charac:
Lerislics) loa malum slage (MORB characteristics) of back-arc basins. 

!Geochmnie der Spurenelemente und der Isotope (Sr, Nd) von vulkanischen Gesteinen a us demLau
Beckenl 

K u r z fa s sung: Wiihrend cler S0-35- unci SEAPSO IV-Kampagnen (1984 uncl1985) wurclen 
Gesleinsproben von verschiedenen Spreading-Riicken im Lau-Becken (Siidwesl-Pazifik) ge
dreclschl. An ihnen wurden die Haupl- unci Spmenelemente sowie die Isolopenverhiillnisse liir Sr 
unci Nd beslimml. Die Proben a us clem ni:ircllichen Lau-Becken zeigen N-MORB-Charakler in cler 
Verleilung sowohl cler Haupt- als auch der Spurenelemente. Die Proben aus dem siidlichen Lau
Becken dagegen sind cliffmenzierl unci zeigen in ihrem erweilerlen Sellene-Ere! en-Verleilungs
musler deulliche negalive Ta-Nb-Anomalien, die ly!Jisch flir Subcluklionszonen sind. Die Isotopen
verhiillnisse fiir Sr unci Nd sind sehr helerogen unc liegen zwischen MORB-und Inselbogen-Wer
len. Der ni:irclliche Lau Basin Ridge zeigt geochemische Eigenschaflen, die fiir mi llelozeanisches 
Spreading sprechen; der siidliche Lau Basin Ridge (Valu-Pa-Riicken) dagegenmil seinen clurchsub
cluzierles Malerial beeinfluf\len geochemischen Eigenschaflen ki:innle entweder ein neu enlslehen
cler Inselbogen sein ocler er ki:innte das Anfangsstadium eines Back-Arc (Spreading) repriisentieren. 

Ein Vergleich cler Lau-Becken-Ergebnisse mil denen vom Norcl-Pidschi-Becken unci dem Old
nawa-Trog zeigl geochemische Trends, die die Enlwicklung vom Ril'Lslaclium (Inselbogen-Charak
ler) zum reifen Stadium (lviORB-Charakler) sines Back-Arc-Beckens wiclerspiegeln. 

Aulhors' addresses: Dr. L. Dosso, X.BOilSPFLUG, G. D. R. Genese el evolution des domaines ocea
niques, IPREMER- Cenlre de Bresl, B. P. 70 29263 Plouzane, Prance. Dr. H. BoUGi\UI;r, IPREMER
Cenlre de Bresl, B. P. 70-29263 Plouzane, France. Dr. J.-L. JORON, Groupe des Sciences dela Terre, 
Laboraloire Pierre Sue, Cenlre d'Elude Nucleaire de Saclay, B. P. 2- 91191 Gif-sur-Yvelle, Prance. 
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1 lnlroduction 

Rock samples have been collected during S0-35 and SEi\PSO fV cruises (voN 
Smc:KELI\ERG et al. 1985, l"OUC:I-IER eta!. 1988) in the Lau Basin, a back-arc basin located be
hind the Tonga Trench and Tonga Ridge in the south-vvestern Pacific (Fig. 1 ). They were 
dredged in different parts of the basin, on ridges and seamounts. Several studies have 
been undertaken on geochemical features of Lau Basin lavas; HAWKINS (:!976) described 
MORB-like samples, while GILL (197G) found basalls whose characteristics are inter
mediate between ocean Floor and island arc tholeiites; H1\WK!NS & MELCHIOR (1985) ident
il"iecllwo groups in Lau Basin basalts: one resembles primitive N-MORB, the other is in
termediate between Mid Ocean Ridge Basalls (MORB) and arc lavas; JENNER et al. (1987) 
described isotopic features and conc:ludedto mixing processes between MORB, Island 
Arc Volcanics (IAV) and sediments. 

In this paper we present major, trace elmnonl and isotopic data from the northern 
and the southern parts of the basin. Comparing these two areas and information given by 
major and trace elements and isotopic ratios, we try to give some complementary infor
mation on relationships between tho composi lion of rocks and the slruct ure ofLau Basin. 
lsolopic ratios and trace elements are used to trace both sources and subduclion charac
teristics (especially T'a-Nb anomalies). We also compare our results with data from two 
other back-arc basins: wo try to relate basalt compositions to lec:lonic settings and ma
turity of back-arc basins (SAUNDERS & TJ\RNr•:y 1984). 

2 Geological Selling 

The Lau Basin is a back-arc basin presently opening behind the Tonga subduction 
zone. Its opening has to be put in relation with the convergence of Pacific, Indo-Australian 
and Eurasian plates (Fig. 1). It lies between Lau and Tonga ridges and has a triangular 
shape about 450 km wide near 18" S and190 km wide near 2G" S (I-11\WKINS & lVlELCI-IIOR 
1985). KARIG (1971) first described the Lau Basin as being an extensional active basin. 
Al"ler different authors, its opening initialod5 Ma (K1\RlG 1971 ), 3.5 Ma (WElSSEL 1977), or 
2.5 Ma ago (MI\Li\I-IOFF el al. 1982) by spreading of many diffuse short ridges (HAWKINS & 
MELCHIOR 1985). From north to south, the present clay spreading axis is defined by several 
ridge segments. The structure of Lau Basin is complex. A NNE trending ridge segment has 
been identified during S0-35 cruise arouncl17G" Wand near 18" 40'S (northern S0-35 
dredges on Fig. 1 ), about 250 km westward of Tonga arc, 400 km from the Tonga tr''ench 
(Fig. 1) and about 300 km above the Benioff zone (ISACKS & BARAZI\NG! 1977). A spreading 
rate of about G cm/yr was estimated VON STACKELBERG el al. 1985). 

Samples collected in the nqrthorn part of Lau Basin include pillow basalts (with 
fresh glassy rinds): 2KIJ2, 8KD1, 9KD1, 9KD2 ancl10KIJ2 have been dredged in the middle 
or on the flanks of the "NorlhernLau Basin Ridge" (NLR on Fig. 1) (VON STACKELBERG ol al. 
1985); older samples (13KD1 and13KD2) have been dredged from the eastern part of the 
ridge. One sample (JJR1), a vacuolar andesite with glassy crust, has been dredged during 
SEAPSO IV cruise in the middle-east part of Lau Basin, on a discovered NNE trending 
morphological ridge near 19" S (MER). 

South of 20" 50' S, a linear volcanic ridge, also trending NNE, lies on the east side of 
the basin; it has been discovered during the RV LEE cruise (1982), 40 km westward of the 
volcanic arc, 200 km from the Tonga Trench, and aboul150 km above the Benioff zone 
(JENNER el al. 1987) and has been named the Valu Fa Ridge (VFR). Il spreads with a rate of 
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Fig. 1: Location of samples dredged during SO-:J5 aiHI SE1\I'SU lV cruises. Map modified from 
J\UZENDE el al. (1988); NLR ~Northern Lau Basin Ridge; VFR ~ Valu Fa Ridge; MER~ Middle 
East Ridge. 

7 cm/yr (MORTON & SLEEP 1985). MORTON & SLEEP (1985) described a magmatic chamber 
~which is about 2 or 3 km wide beneath the Valu Fa Ridge near zz• 30' S. Valu Fa Ridge was 
proposed to be a main active spreading axis (MORTON & SLEEP 1985). However RUELLAN et 
al. (1990) suggest that Valu Fa Ridge might be a trans-tensional structure, connecledlo lhe 
retreat of the Tonga Arc, while lhe main spreading axis might be lo the wesl of it. We con
clude, both from the description of the LauBasin (several axial structures) and from inter
pretations, that this back-arc is opening through more complex processes than that re
lated to typical oceanic spreading centers. 
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Unaltered sheet flows and older rocks have been dmdgecl during S0-35 cruise 
73KD:l, 83KD1, 94KD, 127KD on the active spreading ridge (Valu Fa Ridge); 67KD3 and 
121KD3 on seamounts western of the Valu Fa Ridge; 128KD2 on a seamount eastern of the 
Valu Fa Ridge (voN S'li\CKELBERG, personal communication). DR2 from the north extent of 
Valu Fa Ridge contains vacuolar aphyric pillow andesites; DR3, eastern ofValu Fa Ridge, 
contains quite fresh andesites from the west side from a seamount 300m high; DR3-1C 
has 2 mm thick Fe-Mn crust; DR4 was sampled from a graben on the north extent ofValu 
Fa Ridge, about 8 miles north of DR2 and contains sub-aphyric andesites. 

3 Analytical Techniques 

All samples were crushed in an agate mortar. Concentration of major elements were 
determined by X-ray spectrometry using the glass disk heavy absorber method (flux: 
Li2B,10 7, La20:1) with exception of Na20 concentrations that were obtained from a disk 
without La20:~. Trace element XRF measurements 'Were made on pellets according to the 
procedure described by 130UGI\Ut;l' et al. (1977) and ETOUBLEI\U et al. (1985). Trace ele
ment neutron activation analysis used was pure instrumental epithermal neutron activa
tion according to the procedure described by )AFFREZIC et al. (1977). 

Separation of Sr and Nd were performed using standard ion exchange chromato
graphy techniques according to the procedure of RICHARD et al. (1976). Isotopic ratios 
measurements were made in Brest using a new Finnigan MAT 261 variable 5-collector 
mass spectrometer. For Sr isotopes, the value of the NBS 987 standard during the time 
period of the analysis was 0.710239 ± 12 (2 sigma of the mean) (11 values) the values were 
all corrected for mass fractionation using 110Sr;nnsr = 0.1194; blanks vvere about 0.5 ng. For 
Nd isotopes the value of the La Jolla standard during the time period of the analysis was 
0.511848 ± 5 (2 sigma of the mean) (10 values). The values were all corrected for mass frac
tionation using 146Nd/144Nd = 0.7219; blanks were about 0.5 ng. BCR1 analysis has given 
values ofB7SrP6Sr = 0.705025 ± 24 and 143Nd/144Nd = 0.512624 ± 20 (maximum deviation 
from the mean of 3 values). \Ale analyzed some duplicates on leached powder samples 
with HCl 0.1 N for 10 minutes in an ultrasonic bath; the results confirmed that seawater 
contamination is negligible (Table 1). 

4 Results 

Major and trace element data are reported in Table 1. Geographically, we can divide 
samples in two groups: in the northern part ofLauBasin ( around18o 50' S) 7 samples have 
been analyzed. They have a composition close to that ofMORB's with low K20 and Si0 2 of 
about 50 %. Samples 13KD are somewhat higher in Si0 2 . The composition of 13KD2 
seems to reflect differentia lion processes. 

In the southern Lau Basin (Valu Fa Ridge and around) 11 samples dredged around 
22° S have been analyzed. They either display characteristics intermediate between 
MORB and arc andesites or tend to andesitic composition (Si02 up to 58 %) (Table 1-13). 

Trace element data are summarized in an extended Corryell Masuda plot (Fig. 2). 
Two groups are distinguished: the first one is of N-MORB type, depleted in light rare 
earths (2KD2, 9KD2, 10KD2, 13KD2); the second group (67KD3, 73KD1, 83KD1, 94KD, 
121KD3, 127KD, 128KD2, DR3-1C) shows flat to slightly enriched patterns vvith negative 
Nb-Ta anomalies. These anomalies are known to be associated with subduction zone en
vironments (JORON & TREVIL, 1977, l3RIQUEU et al. 1984). 
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Fig. 2: Exlenclecl Coryell-Masuda plol for Lnu Basin samples analysed in Lhis slucly. Depleled pal
lerns represenl norlhern Lau Basin samples; enriched pallerns represenl soulhern Lau 
Basin samples. 

Samples analysed for Sr and Nd isotopic ratios fall within the mantle array (Fig. 3) 
The isotopic values are quite heterogeneous with u7Sr/110Sr varying from 0.703209 to 
0.703563 and 1

'
1
:
1Nd/ 144Nd from 0.513004 to 0.513143. The Lau Basin fields of values over

lap the radiogenic part of MORE field as well as ilelds for Paciilc island arcs such as the 
Aleutians arc, Kurile arc and basin, Mariana arc and Fiji islands. Isotopic data can also be 
divided in the lvvo groups deilned above: northern Lau Basin samples plot within the 
MORE field and seem to be correlated in a way similar to the mantle array (Fig. 3), while 
southern Lau Basin samples are slightly more radiogenic in Sr and have correlatively l'ess 
radiogenic Nd compositions. 

Our northern Lau Basin data are consistent with those of VOLPE et al. (1986) whore
ported isotopic composition (Sr-Nd) of glasses from the same area (17° S 19° S). Values 
reported by JENNER et al. (1987) for Valu Fa Ridge and Ala Island, are included in the field 
shown by the new data for the southern group. 

This data seem to conilrm the existence of two groups of samples, and thus point out 
the existence of two mantle sources, each source being heterogeneous. For the northern 
part ofLau Basin the isotopic data are of enriched MORB type, and the ileld ofSr-Nd data 
is elongated in the same direction as observed in oceanic basalt (Fig. 3). This suggests that 
the northern Lau Basin source is not significantly contaminated by the subducted hy
drothermally altered plate, which is consistent with the position of the Ridge well above 
the Beniofl' zone (300 km) and the large distance from the Ridge to the arc location (250 
km). These samples display typical MORE characteristics in major, and trace elements 
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Table 1: Major and Lrace elemenls and isotope dala of Lau Basin samples. 
Major and lrace elements conconlralions have huon measured in Lhe geochemistry laboratory al 
IFREMllR, Bmsl, by X-ray l'luoresr:ence (XRF) (CMviiiON & ETOIJIJI.I·:ilu), at P. Suolabmalory, Ct•:N, Sa clay, by 
inslrumenlal neulron aclivalion (N/\1\) (JoJWN) and by isolopic dilution (!D). lsolopic mlios (Sr, Nd) have 
been measured al GIS "Oc:eanologie el G6odynamique" Bmsl, on a new 5 collur:lor (4 variablo) FINN!-
GAN-lv!I\T 2()'] mass spm:lromeler (BOESI'III.IJG & Dosso ). Sr is correcled for mass frac:lionalion using 111 'Sr/ 
111'Sr = 0.1Hl4. Nd is cormc:lml for mass frac:lionalion using 1'10Ncl/ 1'1'1Nd = 0.7219. ENd values are r:alculalecl 
with respecl lo a Bulk Emlh valm1 of 0.5"1 264. Sr analyses mmkecl with '' have been clone on powder 
leached in 0.1 M 1-ICl. 'are samples clmdgml <Jxactly on ill[) axis; "dnJdgnd from [\!fiddle 1\asl Ridge (MEl\). 
/\: nmlhern Lau Basin samples; 13: soulhem Lau Basin samples. 
i\ 

2KD2' 8KD1' 9KIJ1' 9KD2' 10KJJ2' 13KD1 JciKD2 

1B'35' 1B'4J' 'JB'4J' 'JW4J' 1B"41' "18":19' 18'30' 
17(1"24' 176'29' 176'27' "176"27' 176'22' 176'0:J' 17G'03' 

SiD, 50.01 49.9() 4~).9() 4H.95 4B.5G 52.00 52.21 
Al,n, 13.()() 13.94 14.55 14.44 15.72 "] 5.00 14.27 
Fo,O" 12.42 12.54 '11.55 '11.54 'j 1.28 10.46 12.08 
MnO 0.20 0.20 0.19 0.'19 (J.:IB 0.17 0.25 
MgO 7.25 7.40 7.42 7.00 8.79 7.()0 5.42 
CaO 12.01 11.99 12.68 12.08 12.:17 '12.'12 9.73 
Na 20 UlB 1.87 1.86 1.79 1.40 0.72 1.0'1 
K,O 0.15 0.09 0.07 0.06 0.07 0.20 o.:w 
TiO, 1.35 1.29 1.18 '1.20 J .12 0.58 1.09 
P,O, 0.10 0.09 0.12 0.09 0.07 0.07 0.15 
Tala] 99.cl6 99.37 99.58 99.54 99.56 99.88 98.12 
Lol 110'C 0.19 0.07 0.07 0.05 0.12 0.16 0.41 
Lol 1050'C -0.24 -0.51 -0.51 -0.79 -0.34 0.32 0.6:1 

Cs(N!\/\) 0.02 0.01 0.01 0.07 O.'U 
Ba(N!\!\) 18.3 13.0 6'1.2 
Rb(ID) 1.54 1.01 0.70 0.75 0.60 2.78 
Sr(ID) 88.9 89.6 86.1 87.2 101.2 115.3 
U(NA!\) 0.10 0.13 0.20 0.05 
Th(NAA) 0.142 0.12B 0.087 0.073 0.072 0.133 0.298 
Ta(NAA) 0.146 0.097 0.092 0.075 0.068 0.042 0.083 
La(NAA) 2.19 1.76 2.23 1.5 0.85 1.51 2.82 
Nb(XRF) 3.2 2.7 2.4 2.4 1.2 0.9 2.0 
Ce(NAA) 6.2 7.0 3.9 n.cl 4.2 4.5 7.2 
Ncl(ID) 7.84 7.52 0.54 0.68 6.39 3.01 
Zr(XRF) 76 74 64 59 63 34 49 
I-If(NAA) 2.11 1.81 1.84 1.50 1.63 0.05 :).44 
Sm(ID) 3.0 2.85 2.57 2.63 2.50 1.26 
Ti(XRF) 8100 7740 7080 7200 0720 3480 6540 
Eu(NAA) 1.19 1.13 1.03 0.86 1.01 0.42 0.92 
Tb(NA/\) 0.751 0.701 0.037 0.599 0.616 0.290 0.552 
Y(XRF) 35.5 32.5 31.8 31.4 29.3 17.8 27.0 
Yb(NAA) 3.3 4.1 2.0 3.'1 2.8 2.4 3.4 
Sc(NAJ\) 44.2 44.0 43.4 39.9 40.0 39.4 38.3 
Cr(NAA) 248 99 217 210 309 73 64 
Co(NAA) 44.3 45.4 43.4 39.7 46.6 39.3 39.9 
Ni(NAA) 78 65 09 67 140 59 45 
1wSr/117Sr .703439±11 .703232±11* .703213±12* .703214±13 .703343±10 .703330±1:1 

.703197±11* .703188±14* 
"''

1Nclj'·'·'Ncl .513063±05 .513073±09 .513103±05 .513143±09 .513077±15 .513024±13 
.513067±06 .513036±20 

ENd +8.25 +B. 52 +9.03 +9.81 +8.52 +7.49 
+8.33 +7.72 
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Sample G7KD3 73KD1' 83KD1' 94KD' 12:1KD3 127KD' 

lal.(S) 22"10' 22"12' 22"15' 22"24' 22"07' 22"15' 
lon.(W) 17()"41' 17()"36' 170"37' 170"46' 177"01' 176":!7' 

Si02 50.81 55.11 56.29 58.36 57.40 56.21 

1\I,O" 15.6cl 15.10 14.90 14.BO 15.43 14.90 
fe 20:1 10.62 11.19 11.83 10.0L1 10.44 11.88 
lvlnO 0.18 0.20 0.20 0.20 0."15 0.20 
MgO 7.49 4.20 3.48 2.69 2.97 3.51 
CaO 13.00 8.85 7.85 6.83 7.86 7,7Ll 

Na,O 1.03 2.82 2.92 3.25 3.32 2.flL1 
K,O 0.22 0.42 0.47 0.62 0.76 0.47 
TiO, 0.61 1.19 1.48 1.38 1.23 1.52 
P20 5 0.00 0.17 0.22 0.30 0.20 0.22 
Total 99.05 99.25 99.6'1 99.13 99.82 99.49 
Lol 110"C 0.34 0.30 0.20 0.25 0.33 0.1B 
Lol 1050"C 0.09 0.58 0.51 '1.31 1.41 o.:Jo 

Cs(NAA) 0.10 0.14 0.18 0.22 0.12 0.18 
Ba(NAA) 56.0 83 98 116 145 113 
Rb(ID) 3.:10 6.41 7.18 9.22 8.54 7.48 
Sr(ID) 161.6 164.9 172 183.2 269.5 172.3 
U(NAA) 0.07 0.17 0.13 0.19 0.39 0.23 
Th(NAA) 0.180 0.392 0.424 0.487 0.879 0.455 
Ta(NAA) 0.021 0.071 0.079 0.094 0.082 0.084 
La(NAA) 1.25 3.66 3.78 5.04 0.71 4.45 
Nb(XRf) 0.8 1.9 1.1 1.6 2.'1 2.0 
Ce(NAA) 4.6 13.0 13.0 12.3 13.9 13.7 
Nd(ID) 4.24 10.35 10.49 13.01 13.93 11.26 
Zr(XRf) 24 82 76 90 81 84 
I-If(NAA) 0.77 2.35 2.24 2.59 2.44 2.44 
Sm(ID) 1.51 3.44 3.64 4.25 3.96 3.75 
Ti(XRF) 3660 7140 8880 8280 7380 9120 
Eu(NAA) 0.57 1.28 1.28 1.60 1.46 1.50 
Tb(NAA) 0.330 0.769 0.783 0.936 0.751 0.839 
Y(XRF) 17.9 34.2 35.3 38.7 32.0 "35.1 
Yb(NAA) 2.3 4.5 4.6 3.8 2.9 5.4 
Sc(NAA) 40.3 30.8 29.4 26.1 27.0 29.7 
Cr(NAA) 35 38 
Co(NAA) 42.2 29.8 25.5 16.3 23.8 25.9 
Ni(NAA) 45 19 5.5 1.4 2.5 6.5 

117Sr/1,;Sr .70333'1±16 .703355±12 .703340±10 .70333'1±07 .703584±08 .70332'1±18 
.703337±13 .703563±06"' 

I•I:INci/ 14 '1Nd .513063±20 .513053±07 .51306'1±07 .51306'1±08 .513056±16 .513074±07 
.513054±18 .51306'1±07 .513065±08 

ENd +8.25 +8.06 +8.21 +8.21 +8.11 +8.47 
+8.08 +8.21 +8.29 
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Sarnplo 128KD2 JJIU -11\" DH.2-1C. DR:J-1C DR4-1C' 

lal.(S) 22"17' 19"l8' 21"26' 21"23' 21"19' 

lon.(W) 176"34' 175"26' 176"23' l76"1 6' 176"20' 

SiO, 52.57 53.30 53.50 51.1D 53.2D 

Al,O:, 1'1.44 16.8D 14.78 16.19 15.D4 

Fe,O:, lD.D9 :!DAD 1:1.:15 1D.DD 11.96 
MnO D.17 D.16 D.2D D.16 D.19 
lvlgO 7.52 5.79 4.58 7.46 5.4D 
CaO 12.D4 11.6D 0.15 12.97 10.D7 
Na,O 1.D6 1.10 2.cl8 1.7D 2.4D 

K,O D.71 D.29 DAD D.32 D.34 

TiO, D.57 0.58 1.'17 D.GD 1.3D 

P,O, D.16 D.D7 D.17 D.08 0.16 
Total 99.33 1DD.09 99.913 100.58 1D0.06 
Lol ·uD O.D8 0.55 0.14 0:1 7 0.19 
Lol 1D5D D.13 1.06 0.33 D.33 D.27 

Cs(NAA) 0.28 0.12 D.13 D.14 D.12 

Ba(NAA) 143 46.8 56 65.4 62 
Rb(ID) 13.6 3.4 6.2 5.2 5.1 
Sr(ID) 237.2 146.5 143.4 164.9 133.7 
U(NAA) D.24 D.D5 0.09 D.D6 D.15 
Th(NAA) 0.519 D.139 D.258 0.168 D.207 

Ta(NAA) D.033 D.027 D.D73 D.D20 D.D89 
La(NAA) 4.4D 1.59 3.60 1.34 3.22 
Nb(XRF) 0.3 2.D 1.6 DA 1.6 
Ce(NAA) 8.2 n.d 9.6 3.4 9.3 
Ncl(ID) 7.32 3.77 8.87 4.36 8.45 
Zr(XRF) 37 36 71 35 74 
Hf(Nlv\) 1.D5 D.76 2.1D 0.77 2.DO 
Sm(ID) 2.04 1.28 3.D2 1.54 2.87 
Ti(XRF) 342D 348D 882D 360D 78DD 
Eu(NAA) D.7D 0.44 1.21 0.64 1.22 
Tb(NAA) D.351 0.296 D.7D7 D.321 D.6'78 

Y(XRF) 16.7 16.8 34.D 17.4 31.9 
Yb(NAA) 2.1 n.cl 3.D 1.5 2.9 

Sc(NAA) 36.7 37.7 33.4 36.5 35.2 
Cr(NAA) 237 15 127 6 
Co(NAA) 41.8 34.0 37.6 39.8 37.9 
Ni(NAA) 51 35 13 7D 23 

"
7Sr/"nsr .7D34D4±10 .7D3471±11 .7D32D9±12 D.7D3377±10 D.7D3286±09 

.7D3216±12 
H:lNcJ/'; 4Ncl .513D12±16 .513DD4±D4 .513D3D±06 .513D63±10 .5l3D28±05 

.513D21±D8 

ENd +7.26 +7.1D +7.61 +8.25 +7.57 
+7.43 
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Fig. 3: Sr-Ncl isotopic variation in Lau Basin samples with fields for other back arc basins (thick line 
J'ields) and island arcs (thin line J'ielcls).lv!ORB (O'N!ONS et al. 1977; WHITE & I-lOFFMi\NN 1982; 
COHEN & O'NIONS 1982; ITO et al. 1987; WHITE et al. 1987); NFB ~North Fiji Basin (Brest, un
published data], KU ~ Kurile Arc and Basin (ZHUIV\VLEV et al. 1987), J\11'1' ~ Mariana Trough 
(VOLPE et al.1987),AB ~ AleutianBasin(lvlENZIES & MURTHY 1980; VON DR1\CH etal.1986),Ai\ ~ 
AleutianArc:(McCULLOCH &PERFIT 1981, WHITE&P1\TCHETT 1984; VONDRi\CHetal.1986)MA~ 
Mariana Arc (DIXON & STERN 1983; STERN & BmEE 1984; \IVHITE & PATCHETT 1984), fl ~fiji Is
lands (GILL 1984), OT ~Okinawa Trough (Brest, unpublished data), SA~ Sunda Arc (WHIT
FORD et al. 1981; Vi\RNE & fODEN 1986). In the upper diagram vve represent Lau Basin field: 
triangles are northern Lau Basin; diamonds are southern Lau Basin (VfR) and one is from 
Middle East Ridge (MER), and striped area is VfR, from JENNER et al. 1987. Dashed line lviantle 
Array is afler VoLPE et al. '1987. 

and isolopic ralios. Similar dala are given on Fig. 3 for the North Fiji Basin (unpublished 
data) and Mariana Trough (VOLPE et al. 1987); the Sr-Nd inverse correlation observed pre
cludes involvement of seawater saturated volcanic sediments in the genesis of these ba
salts, such as no led for Mariana Trough basalts (VOLPE et al. 1987). We suggest that the 
northern Lau Basin ridge could be the main axis of Lhe Lau Basin. 

Southern Lau Basin samples were generated from mantle sources presenting more 
radiogenic Sr values, such as commonly found in island arcs where isotopic data are often 
shifted from the mantle array towards Sr radiogenic values. This is in particular well illus
trated by Mariana Arc and Fiji Islands data (WIUTE & PATCHETT 1984, GILL 1984 respec
tively) which have more radiogenic Sr values than Lheir associated back-arc basin, i. e. 
Mariana Trough (VOLPE et al. 1987) and North Fiji Basin (Brest, unpublished data). South
ern Lau Basin samples also display arc characteristics in their trace element patlern 
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(Nb-Ta negallve anomalies, Fig. 2). Such a resull is consislenl wilh lhe proximity ofValu 
Pa Ridge to the Tonga arc ( 40 km) and the Benioff zone (150 km); i llencls lo support the in
lerprelalion by FOUCHER el al. (1988} upon which Valu Pa Ridge may have formed as Lhe 
resull of migration to the back-arc: domain of lhe volcanic fronl of lhe arc syslem. We can 
also suggest from chemistry lhallt is a back-arc opening with still Lhe influence of sub
dueled malerlal. 

We compare our resulls vvilh other unpublished clala fromlwo other back-arc basins 
(North Piji Basin- soulh-western Pacific and Okinawa Trough- weslern Pacific). Fresh 
basalts have been dredged in Lhe Norlh Piji Basin along ils spreading axis; lhey are 
N-MORB lype basalts bolh from REE pallerns and isoloplc: fealures (Fig. 3}. Samples from 
the Okinawa Trough show arc-like fealures both for magmaphile elemenls (negative Nb
Ta anomalies) and for isotopic features (Fig. 3}. 

Geophysical clala suggeslthat Norlh Fiji Basin star led opening 10 Ma ago (Mi\Li\HOFF 
elal. 1982}, Lau Basin, 2.5 Ma ago (lviAL!\IIOFFet a!. 1982} and Okinawa Trough, 1.9 Ma ago 
(K!!v!URJ\ 1985}. As Si\UNDEI\S & Ti\RNEY (1984} already showeclthal ills possible to relale 
the geochemistry and the geological environment evolution, we flncllhat isotopic: ratios 
and extended REE patterns reflect back-arc: basin evolution. When opening lniliales, geo
chemical features are similar lo those ofisland arcs. As spreading continues in lhe back
arc basin, it becomes more and more like a typical oceanic basin, and the influence of lhe 
subducted zone becomes weaker: both isolopic ratios and trace elements of back-arc 
basin basalts lend to MORE characteristics. This is in good agreement with the idea of 
TAYLOR & KARNER (1983} who suggested that back-arc basin spreading centers may be in
itiated close to the arc and above a shallow subducted slab (Lau Basin and Okinawa 
Trough), and with time mlgrale away from the arc and no longer overlie a Benioff zone 
(North Fiji Basin); this would explain the correlation bel ween evolu lion stages and geo
chemical fealures of back-arc basins. 

5 Summary 

The Lau Basin has heterogeneous geochemical features for which combined trace 
element and isoloplc dala give very coherent information: 1 -Northern Lau Basin sam
ples have depleted extended rare earlh patterns typical of MORE samples and have Sr 
and Nd isotopic values which are close to those observed on E-lype MORE. 2- So.uthqp1 
Lau Basin samples have slight to enriched rare earlh elements patterns with Ta-Nb nega
tive anomalies such as commonly observed in subduction zone environments. Their Sr 
and Nd isotopic values are closer lo values obtained on island arc samples. They suggest 
mid-oceanic type spreading inlhe norU1ern part of the Lau Basin, whereas Valu Fa Ridge, 
in the southern part of the basin, is more influenced by the subducted plate and could be a 
nascent island arc or correspond to an initial stage of back-arc opening. 
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