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ABSTRACT' 

In the southern New Hebrides arc, magmatic and tectonic processes are closely linked. Between 21 "S and 22"S, a "nor- 
mal" broadly arc tholeiitic magmatic suite is essentially similar to those occurring in the main part of the arc, whereas 
south of 225 ,  at the southern termination of the arc, a high-Mg andesite suite appears, with the more mafic endmembers 
having mineralogical and compositional affinities to high-Ca boninites. During the last 2 Ma, this southern termination 
propagated southwards and played a continuing role in the transient transform junction between the southern tip of the 
trench and the N-S spreading axis of the North Fiji Basin. In this region, which has been dominated for several million 
years by fast transform motions, the low magma production rates in this section of the arc, and the unusual boninite- 
related affinities of the arc volcanics may be due to a combination of a subducting slab tom by hinge zones, abnormally 
small depth-to-slab distances beneath volcanoes, and an unusually hot ambient geotherm due to rising diapirs supplying 
the intersecting back-arc spreading axis. The on-going collision between the Loyalty Ridge and the arc may also contribute 
to these unusual magmatic characteristics, as presently only a very small amount of convergence occurs along the south- 
ernmost segment of the trench. 

In such a complex tectonic setting, with a spreading axis propagating into an intra-oceanic arc, and major transform 
plate motions, generation of high-Ca boninitic magmas occurs by melting of a refractory hydrated mantle at a shallow level 
under the Hunter Ridge, the necessary extra heat being supplied by the rising diapirs supplying magmas to the intersecting 
spreading ridge axis. The high-Mg andesite suite probably results via a combination of fractional crystallization from such 
high-Ca boninitic parental magmas and subsequent magma mixing processes, operative all along the southern termination 
of the arc. 

1. Introduction 

From approximately 12- 1 O Ma, clockwise 
rotation of the New Hebrides (NH) volcanic 
arc has been associated with both subduction 
of the Australasian plate and opening of the 
North Fiji Basin (Fig. 1; Auzende et al., 1988; 
Greene et al., 1988). In this region, the eastern 
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edge of the Australasian plate is constituted by 
several small oceanic basins, island chains and 
submarine massifs: from north to south, these 
include the poorly-known Santa Cruz basin and 
West Torres massif, the D'Entrecasteaux Zone, 
a twin-ridged, arcuate submarine chain with 
uplifted Eocene oceanic crust and arc-related 
seamounts (Andrews, Packham et al., 1975; 
Maillet et al., 1983; Collot, 1989; Collot et al., 
1992), the Eocene North Loyalty Basin (An- 
drews, Packham et al., 1975; Weissel et al., 
1982; Collot et al., 1985), the massive, poorly 
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known Loyalty Ridge (Collot et al., 1982; 
Monzier et al., in prep.) and the Oligocene 
South Fiji Basin (Davey, 1982). 

The flexure and subduction of such a com- 
posite plate has had a significant influence on 
the geodynamic evolution of the New He- 
brides subduction zone. Ridge-arc or massif- 

arc collisions have played an increasingly im- 
portant role in the tectonic and magmatic evo- 
lution of the New Hebrides arc (Daniel et al., 
1986; Collot, 1989; Collot et al., 1989, 1992; 
Monzier et al., 1989, 1990, in prep.; Greene et 
al., in press). Complex multi-stage back-arc 
basin opening of the North Fiji Basin, and in- 
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Fig. 2. Map of the southern part of the New Hebrides arc and North Fiji Basin. Bathymetry in km from Monzier et al. 
(1992). Dotted areas: NH trench (depths > 6 km), New Hebrides arc and Loyalty Ridge (depths < 2 km); light dotted 
area represents the 2 Ma to present oceanic crust generated in the North Fiji Basin (Auzende et al., 1988; Maillet et al., 
1989). Abbreviations as for Fig. 1, with addition of: Ma=Mare island; Dr=Durand reef; Wp= Walpole; C=Coriolis 
troughs; Cst = Constantine bank. Volcanoes studied herein: GMW= Western Gemini seamount (sm) ; GME= Eastern 
Gemini sm; VSM=Volsmar sm; SUB lI=SUBPSO 11 Nautile dive locality; EVA=Eva sm; LP=La Perouse sm; 
GB= Gilbert sm; MT= Matthew island; CH= Charlotte sm; VB= Vauban sm; HR = Hunter island. 

, 

tra-arc or back-arc extensional tectonic troughs 
accompanied the rotation of the arc (Auzende 
et al., 1988; Lafoy et al., 1990; Recy et al., 1986, 
1990; Charvis and Pelletier, 1989; Monjaret, 
1989; Monjaret et al., 1991; Pelletier et al., 
1993). 

According to the quantitative model of Louat 
and Pelletier ( 1989), the present convergence 
rate along the nearly rectilinear N165"E part 
of the NH trench varies from 16 cm/yr (at 
1 1 O S )  to 12 cm/yr (at 20"S), on an average 
N75 "E azimuth. A minimum convergence rate 
occurs where the D'Entrecasteaux Zone col- 
lides with the central part of the arc (9 cm/ 
yr ) . Oblique extension generally occurs along 
the eastern, back-arc flank of the main part of 
the NH arc, except at the latitude of the D'En- 

trecasteaux Zone collision zone, where back- 
arc compression is active. The North Fiji Basin 
presently shows an unusual pattern of opening, 
with several microplates bounded by spread- 
ing axes, extensional areas and transform 
faults. In the central part of the basin ( 16 and 
21 O S ) ,  a well established N-S spreading axis 
is active with an 8 cm/yr full spreading rate in 
a N72 "E oblique direction (Fig. 1 ) . 

During rotation of the subduction zone, 
spreading in the North Fiji Basin led to south- 
ward lengthening of the trench-arc system 
from Anatom island to Hunter island (Falvey, 
1978; Falvey and Greene, 1988; Louat et al., 
1988). At the same time, this propagating 
southern termination of the arc has played a 
continuous role in the mobile transform junc- 
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tion between the southern tip of the trench and 
the spreading axis. Davey (1982) suggested 
that the southern New Hebrides trench may 
also coincide with an older crustal discontinu- 
ity (i.e. a former boundary between the oceanic 
crusts of North Loyalty and South Fiji Basin). 
Moreover, according to Monzier et al. ( 1990), 
the recent but developing collision between the 
22”s salient of the Loyalty Ridge and the 
southern New Hebrides arc is producing a dif- 
ferent tectonic evolution of the over-riding 
plate north and south of 22 O S. At this latitude, 
an active E-W sinistral transform zone affects 
the arc and back-arc area (Fig. 3). North of 
this limit, near-orthogonal convergence is dri- 
ven by active subduction of the oceanic litho- 
sphere of the North Loyalty Basin. South of this 
boundary, oblique convergence has now 
stopped, only a very small amount of orthogo- 
nal (northward) convergence occurs at the 
trench (Fig. 3 ) , and the Matthew-Hunter mi- 
croplate is strongly coupled with the Australa- 
sian plate. A connection between this E-W 
sinistral transform zone and the 2 1 O S  sinistral 
offset of the North Fiji Basin spreading axis is 
probable (Fig. 3; Louat and Pelletier, 1989). 
Thus, at the present time, this area is unstable 
and transient, with considerable tectonic com- 
plexity (Maillet et al., 1989). 

From the Santa Cruz islands at the northern 
end of the NH arc, to Anatom in the south, the 
main part of the - 1200-km-long NH arc trends 
N165”E, and includes a wide, massive and 
partly emergent volcanic ridge of complex his- 
tory (Macfarlane et al., 1988; Katz, 1988; 
Greene et al., 1988). In this main part of the 
arc, Quaternary-Recent volcanoes of the Cen- 
tral Chain lie 100 to 200 km above a very 
steeply-dipping Benioff zone which in places 
reaches at least 350 km depth (Louat et al., 
1 98 8 ) . Detailed petrological-geochemical 
studies of the NH arc volcanoes are currently 
in progress, but available data show that ba- 
salts and basic andesites are volumetrically 
dominant, with subordinate acid andesites and 
dacites (Macfarlane et al., 1988). Most of these 

’ 

rocks may be assigned to medium- to high-K 
“tholeiitic” series (using the criteria of Mi- 
yashiro (1974) and Gill (1981 ), who defined 
the “tholeiitic” series as having simply a high 
FeO*/MgO value relative to Sioz). 

South of Anatom (Fig. 2), a major shorten- 
ing of the Benioff zone occurs (Louat et al., 
1988). The southern termination of the NH 
arc, including a section around 350 km long 
and with a sharp bend near La Perouse sea- 
mount, is narrow and almost totally subma- 
rine (except for the small active volcanic is- 
lands of Matthew and Hunter). Along this 
section of the arc, troughs on the eastern flank 
(i.e. back-arc) disappear and the volcanic 
chain is poorly developed, especially in front 
of the Loyalty-New Hebrides collision zone 
(Monzier et al., 1990, 1992). According to the 
model of Monzier et al. ( 1984), the dip of the 
Benioff zone decreases southward, with hinge 
zones tearing the downgoing slab. Thus, the 
Benioff zone lies at a depth of about 100 and 
150 km beneath the twin Gemini seamounts 
(Fig. 2) and only about 85 km beneath Mat- 
thew and Hunter volcanoes; the latter are the 
only previously studied volcanoes of the 
southern termination of the NH arc (Maillet 
et al., 1986). Moreover, in contrast to the Cen- 
tral Chain arc volcanoes, Matthew and Hunter 
volcanoes are made up of medium-K broadly 
calc-alkaline acid andesites with unusually low 
Tio2 contents (0.37-0.45% Tio2 at 60-62% 
SiOz and 3-5% MgO) . 
2. The southern New Hebrides arc: new data 

2.1. Volcanic edifices and sample löcations 

During the VOLSMAR and GEMINI cruises 
(R.V. “ALIS” of ORSTOM, 1989 ), sampling 
by dredging and scuba-diving was carried out 
on submarine volcanoes of the southern NH 
arc, aimed at recovering samples from along 
the almost unknown, 300 km-long submarine 
section of the arc. All volcanoes sampled are 
located on the crest of the submarine NH arc 
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platform (Figs. 2 and 3) .  Complementing this 
sample suite are several samples from pre- 
vious fieldwork on Matthew and Hunter ac- 
tive volcanoes (Maillet et al., 1986; M. Mon- 
zier, unpublished data), as well as samples 
recovered during the SUBPSO 11 NAUTILE 
dive (ORSTOM SUBPSO 1 cruise, 1989) from 
a thick, horizontal sequence of coarse volcanic 
breccias from the lower inner wall of the trench 
(5320-4645 m depth) at the latitude of the 

"Loyalty / New Hebrides" collision zone 
(Monzier et al., 1989). Dredge, dive and sam- 
ple locations are reported in Table 1. 

From NW to SE, the following volcanoes 
were dredged (Figs. 2 and 3 ) : Western Gemini 
seamount (GMW, top at -40 my volume 

150 km3), Eastern Gemini (GME, - 80 m, 
100 km3), Volsmar (VSM, - 1400 m, z 70 

km3), Eva (EVA, - 1 140 my = O. 1 km3, from 
a swarm of small cones < 1 km3), La PCrouse 

20% 

170' 175" E 

Fig. 3. Seismotectonics and present-day relative plate motions in the southern part of the New Hebrides arc and North 
Fiji Basin. (A) Simplified bathymetry (in m)  from Monzier et al. (1992). Triangles represent the volcanoes studied 
herein. Abbreviations from Figs. 1 and 2, with addition of Li=Lifou island; Aw=Aniwa; Fu=Futuna. Thick solid 
line = trench axis; stars indicate the Loyalty-New Hebrides collision zone; light dotted area represents the 2 Ma to present 
oceanic crust generated in the North Fiji Basin (cf. Fig. 2); dark dotted area=Matthew-Hunter microplate. Seismotec- 
tonics based on shallow (0-70 km) Centroid Moment Tensor (CMT) solutions (Dziewonski and Woodhouse, 1983; 
Dziewonski et al., 1983 to 1988; Giardini et al., 1985; andUSGS/NEIC, 1987 to March 1990). New Hebrides subduction 
zone: o =underthrust mechanism; large arrows =present-day relative convergent motion between the Australasian plate 
and the New Hebrides arc deduced from these underthrust solutions (with azimuth of the motion); O =normal fault 
mechanism beneath the outer wall of the trench; focal sphere projections=normal fault and strike-slip mechanisms (big 
spheres represent several events); small double arrows =present-day N34 E extension within Coriolis trough, sinistral 
strike-slip motion at the southern termination of these troughs, and N20"E sinistral strike-slip motion under Gemini 
seamounts deduced from these solutions; large double arrows=present-day N92 "E strike-slip motion across the NH arc, 
near 22"s; dotted line=projection of the eastern tip of the slab with depths in km. North Fiji Basin area: present-day 
N72"E accretion along the NFB spreading axis from Louat and Pelletier ( 1989); strike-slip mechanisms near the evolu- 
tionary transform zone (Maillet et al., 1989) joining, near 21 O S ,  the two segments of the spreading axis indicate N65"E 
extensional motion. Hunter Fracture Zone: several strike-slip mechanisms indicate sinistral N47 "E strike-slip motion 
along the HRFZ. (B) Present-day relative plate motions; rates are from Louat and Pelletier (1989). The sinistral E-W 
strike-slip zone which affects the arc in front of the Loyalty-New Hebrides collision zone is emphasized (Monzier et al., 
1990). 
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TABLE 1 

Locations and depths of dredges, dives and fieldwork localities on the volcanoes of the southern New Hebrides arc 

Type From to 

Western Gemini 
GMW 50 Dr 2O059'1S/17Oo03'5E (-425 m) 20"59'78/170"04'5E (-360 m) 
GMW 54 sc  21"00'7S/170"03'2E (-40 m) 
GMW 55 Dr 20"59'23/170"01'9E (-710 m) 20"59'08/170"02'7E (-560 m) 
GMW 62 sc  2lo00'7S/170"03'2E (-40 m) 
Eastern Gemini 
GME 56 Dr 20"59'18/170"15'7E (-630m) 20"59f2S/170" 16'9E (-260 m) 
GME 59 Dr 20"59'93/170"16'9E (-320 m) 2O059'9S/17Oo17'2E ( -  190 m) 
GME 60 Dr 20"59'98/17 O"16'6E (-190m) 2O059'98/17O01%'8E (-som) 
SUBPSO 11 dive 
SUB 1103 N 2lo33'5S/169" 12'6E (-5320 m) 
SUB 1105 N 21"33'338/169"12'8E (-5032m) 
SUB 1 106 N 21"33'38/169"12'8E (-5020m) 
SUB 1111 N 2lo32'8S/169"13'5E (-4645 m) 
Volsmar 
VSM 36 Dr 21"30'1S/170"10'1E ( -  1700 m) 21 "3O'0S/17O0 11'0e (- 1400 m) 
Eva 
EVA35 Dr 21"59'38/170"44'5E (-1500m) 2l059'6S/170"45'8E ( -  1220 m) 
La Pérouse 
LP 34 Dr 22"18'28/171"06'0E (-1600m) 22"18'18/171"06'6E (-1130m) 
Gilbert 
GB 28 Dr 22" 16'0S/171 17'2E ( - 1030 m) 22°16'4S/171018f0E (-880 m) 
GB 29 Dr 22"16'7S/171"17'2E (-800m) 22"16'88/171"17'6E (-650m) 
GB 30 Dr 22"17'08/171"17'7E (-550m) 22°17'OS/171"18'OE (-450m) 
GB 31 Dr 22"16'9S/171"17'4E (-440m) 22"17'08/171"17'6E (-380 m) 
Matthew 
MTSM 25 Dr 22"22'8S/17lo21'5E (-940m) 22"22'4S/171°20'8E (-910m) 
MTSM 26 Dr 22"22'8S/17lo21'4E (-980 m) 22°22'4S/171"20'7E (-915 m) 
MT lC, MT 1 lA, MT 14B, MT 20, MT 23B, MT 24C from Matthew island (Maillet et al., 1986) 

Charlotte 
CH 19 Dr 22"20'0S/171"24'5E (-850m) 22"20'18/171"23'9E (-550 m) 
CH 20 Dr 22°20'5S/171023'5E (-500m) 22°20'5S/171023'5E (-460 m) 
CH 22 Dr 22"20'28/171"23'7E (-440m) 22°20'2S/171023'3E (-170m) 
Vauban 
VB 11 Dr 22"23'3S/171°43'6E (-1000m) 22°24'0S/171042'3E (-625 m) 
VB 16 Dr 22"25' 1S/17lo40'7E ( -500 m) 22"24'98/171"41'2E (-420m) 
Hunter 
HR1,HR4B,HR6,HR8A,HR9,HR10,HRl1A,HR12,HR14,HR15A,HR15B1,HR15B2,HR16,HR17A,HR18, 
HR 19, HR 20A, HR 20B, from Hunter island (HR 1 to HR 9: Maillet et al., 1986) 

FS 22"20'6S/l7l021 '2E ( + 177 m) 

FS 22"23'68/172"05'2E (+260 m) 

Dredge (Dr), scubadive (Sc), NAUTILE dive (N) or field sampling (FS). Navigation by GPS. 

(LP, - 1 130 my w 35 km3), Gilbert (GB, 
- 265 my w 20 km3), Matthew (MT, active, in 
solfataric stage, + 177 my x 120 km3, includ- 
ing Charlotte, see below), Charlotte (CH, an 
adventitious cone of Matthew, -37 m), Vau- 
ban (VB, - 185 my w240 km3), and Hunter 
(HR, active, in solfataric stage, + 260 my w 40 

km3). Volume estimates are maxima based on 
recent bathymetric data (Monzier et al., 1992). 
In comparison with Ambae ( = 2500 km3) or 
Ambrym ( w 500 km3) volcanoes in the cen- 
tral part of the arc (Fig. 1; bathymetric data 
from Chase and Seekins, 1988), all the studied 
volcanoes are medium- or small-sized volcanic 
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cones. However, Vauban seamount is unu- 
sually massive in contrast to the others in this 
arc segment and has an atypical, flat summit. 
Shallow water to mixed neritic-pelagic carbon- 
ate deposits capping the top of this volcano 
were dredged between 260 and 850 m depth. 

2.2. Age of the volcanoes 

L 

,) 

Considering the recent evolution of the 
southern termination of the arc, it is probable 
that most of the sampled volcanoes are younger 
than 2 or 3 Ma. In fact, Matthew and Hunter 
are presently active volcanoes (Maillet et al., 
1986), and K-Ar dating of samples VB11B and 
VB16A give ages of 0.8 and 1.1 Ma respec- 
tively, whereas sample SUB 1105 is younger 
than 1.4 Ma. However, biostratigraphical de- 
terminations on carbonate samples from the 
deposits capping Vauban seamount range from 
late Miocene to Plio-Quaternary in age and 
suggest that the end of the volcanic activity and 
the beginning of the subsidence of this volcano 
occurred during late Miocene-Pliocene times 
(L. Montaggioni, pers. commun., 199 1 ). The 
apparently too-young K-Ar ages (< 1.1 Ma) 
obtained for VB samples might be due to sub- 
marine weathering and Ar loss. Accordingly, 
Vauban seamount, with its unusual volume and 
peculiar shape, would be older than other vol- 
canoes of this arc segment. 

3. Petrography and mineral chemistry 

Estimated modal phenocryst mineralogy for 
selected lavas is presented with whole-rock 
analyses in Table -2. Estimated vesicularity 
(vol.%) is highly variable, ranging from O to 
75% (pumiceous samples). Phenocryst min- 
eralogy of the sampled basalts, andesites and 
dacites (basalt < 53% SiOz < basic andesite 
< 57% < acid andesite < 63% < dacites < 
70 Si02% , with Sioz recalculated on an anhy- 
drous basis; Gill, 198 1 ) are typical of island- 
arc lavas (i.e. plagioclase dominant and sub- 
ordinate ferromagnesian minerals ) , except for 

> 

d 

a few samples in which clinopyroxene and/or 
olivine are more abundant (LP 34B-Cy CH 
19D, VB 1 1C-l6A). However, even plagio- 
clase-dominated acid andesites from Hunter 
contain a few modalyo of olivine phenocrysts. 

Mineral compositions were obtained with a 
three spectrometer fully automated CAMECA 
SX50 electron microprobe at the University of 
Tasmania, using a wavelength-dispersive ana- 
lytical system. Microprobe studies focused on 
the more basic lavas in the sample set, since 
one of our main aims was to identify the na- 
ture and affinities of the parent magma(s). A 
summary of the data is presented in Fig. 4A. 

As described further on, compositional data 
indicate the existence of two broad magmatic 
groupings. The “normal” suite shows strong 
major-element similarities to the lavas erupted 
in the main NH arc Central Chain volcanoes, 
except for notably lower K20 contents, whereas 
the “high-Mg” suite is characterized by lavas 
with significantly higher MgO contents at a 
given SiO2 content, and has some boninitic 
affinities. 

Samples GME 56C and SUB 11 11, both be- 
longing to the “normal” suite, show the classi- 
cal mineralogy of arc-related lavas; 3% (by 
volume, vesicle-free ) of An93-74 plagioclase 
phenocrysts, and subordinate augite and oliv- 
ine (F077-75) phenocrysts occur in basalt GME 
56C (Table 2), whereas basic andesite SUB 
11 11 contains 4% An89-70, 2% augite and en- 
diopside (2 clearly distinct populations in the 
pyroxene quadrilateral) and rare orthopyrox- 
ene (En76-6g) phenocrysts. 

Samples LP 34A, VB 1 1C and HR 1 1A all 
belong to the “high-Mg” andesite suite. LP 34A 
is a high-Mg basaltic andesite, petrographi- 
cally and compositionally similar to LP 34B 
and C (Table 2) .  Endiopside-augite pheno- 
crysts with magnetite inclusions are the domi- 
nant phenocryst phase in this rock ( 15%) , fol- 
lowed by plagioclase (10% of An94-77), and 
magnesian olivines (5% of that host 
two populations of Cr-spinels (Cr#= 100Cr/ 
(Cr+Al)=49-58 and 74-78). VB 11C is an- 
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TABLE 2 

Major-element compositions (wt.% summed to 100% volatile-free); FezOT=total iron as Fe203; LOI=loss on ignition; Mg# determined on the basis 
of FeZC/(FeZ++Fe3+)=0.9. Trace elements in ppm. Estimated percentages for phenocryst phases resummed on the basis of 0% vesicles; x= rare 
(< 1%) 

Volcano GMW GMW GME GME GME SUB11 SUB11 VSM VSM EVA EVA EVA LP LP GB GB MT MT MT CH CH CH VB VB HR HR HR HR 
Sample 55 54 56C 56A 6M: 1111 1103 36A 368 35A 358 35D 34C 348 298 29C 11A 24C SM25B 19D 22 19A1 16A 11C 11A 48 10 16 

W t %  
s i02  
Ti02 
Al203 
Fe203' 
MnO 

Ca0 
Na20 
K20 
P205 

MgO 

63.43 66.28 51.10 52.22 54.09 
0.64 0.57 0.85 1.05 1.31 

15.50 15.18 19.10 16.21 14.90 
7.30 6.00 10.12 11.94 12.80 
0.15 0.14 0.17 0.21 0.22 
2.11 1.58 4.50 5.07 4.35 
5.82 4.96 11.61 10.27 8.68 
3.77 4.07 2.42 2.69 3.18 
1 .09 1.02 0.08 0.26 0.35 
0.20 0.20 0.05 0.08 0.12 

0.40 0.30 0.37 -0.29 -0.42 
99.89 99.88 99.19 99.48 99.79 

39 37 4s 48 43 

54.23 54.81 54.14 
0.93 0.96 0.65 

15.32 15.53 18.70 
11.71 11.23 9.88 
0.18 0.18 0.16 
4.53 4.36 3.11 
9.39 8.24 9.88 
2.84 3.51 2.63 
0.78 0.96 0.68 
0.10 0.21 0.15 

1.67 1.91 0.33 
98.67 97.52 99.89 

46 46 41 

54.83 63.31 63.76 64.90 54.88 
0.82 0.64 0.58 0.63 0.59 

16.65 14.51 14.17 14.85 14.19 
11.64 6.77 6.67 6.55 8.43 
0.19 0.11 0.11 0.10 0.15 
3.27 3.42 3.59 2.25 8.72 
8.54 6.21 6.14 5.29 9.60 
2.84 3.89 3.89 4.18 2.60 
0.98 1.04 0.99 1.09 0.74 
0.25 0.10 0.10 0.15 0.10 

0.43 1.05 0.87 0.65 0.45 
100.20 98.67 99.68 99.41 99.39 

36 53 54 43 69 

Ppm 
sc 21 19 37 42 42 31 28 28 
V 125 75 300 330 460 329 364 320 
Cr 2 2 3 8 3 0 4 1 3  2 1 7  
Co 11 6 24 30 28 31 26 22 
Ni 2 2 16 15 9 35 29 13 
CU 59 11 102 144 198 110 144 166 
Zn 88 93 79 93 105 77 84 85 
Rb 17 16 2 5 5 12 17 9 
Sr 386 340 310 284 295 232 343 562 
Y 27.0 29.0 18.0 23.0 29.0 23.4 21.5 16.1 
Zr 66 69 31 41 60 51 48 41 

Ba 124 138 25 50 30 40 114 110 
La 7.2 7.2 2.0 3.0 3.7 3.0 3.4 10.2 
Nd 13.5 12.0 5.5 7.5 10.0 7.2 8.6 14.0 
Eu 1.05 1.20 0.80 0.95 1.20 0.87 0.87 0.95 
w 4.3 4.6 2.7 3.6 4.5 3.6 3.2 2.6 
Er 2.9 2.8 2.1 2.5 3.1 2.1 2.0 1.9 
Yb 2.55 2.85 1.80 2.20 2.75 2.32 2.23 1.60 

Nb c1.0 1.0 c1,o <1.0 1.0 c1,o <1,0 1.1 
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Fig. 4. Phenocryst and microphenocryst mineralogy of se- 
lected lavas. (A) Pyroxene quadrilateral showing com- 
positional ranges for olivine, clinopyroxene and orthopy- 
roxene in four selected lavas; the range for plagioclase is 
also indicated. (B)  Cao% vs. Fo% for olivine pheno- 
crysts; 10512 bon. ( O  ) =olivine phenocryst in a boninite 
from the Hunter Ridge near 173”E (Sigurdsson et al., 
1993); MT 24A and HR 6 ( O )  =olivines from Matthew 
and Hunter andesites; HR 4M (O ) =olivine in a doleri- 
tic inclusion from Hunter andesite (Maillet et al., 1986); 
abbreviations as in Fig. 2. 

other high-Mg basaltic andesite (Table 2)  with 
a quite distinct mineralogy: magnesian olivine 
phenocrysts (F094-77; 7%) hosting Cr-spinels 
(Cr#=71-82), (5%), augite (%o), 
and orthopyroxene (En79-73; 1%) with mag- 
netite inclusions, coexist in this rock. Maillet 
et al. (1986) have reported a detailed miner- 
alogical study of Matthew and Húnter high-Mg 
acid andesites, which are dominated by labra- 
dorite phenocrysts, and only a few analyses of 
magnesian olivine phenocrysts ( Fo91-88) from 
sample HR 11A (Table 2 )  have been added 
here. 

HIGH-MG ANDESITES FROM THE SOUTHERN NEW HEBRIDES ISLAND ARC (SW PACIFIC) 20 1 

The modal predominance of ferromagne- 
sian minerals and the very forsteritic olivine 

phenocrysts in mafic rocks from the “high-Mg” 
series are unusual for arc lavas. Nevertheless, 
in spite of the broadly similar major element 
compositions of these rocks (Table 2), some 
significant differences exist in their phenocryst 
mineralogy. For example, phenocryst ortho- 
pyroxene is missing in LP 34A whereas it is 
present in VB 1 1C. Also, the modal abundance 
of clinopyroxene phenocrysts is considerably 
higher in LP 34A compared with VB 1 1 C, and 
plagioclase and clinopyroxene phenocrysts are 
more calcic in this sample. 

A plot of olivine phenocryst Ca0 versus Fo 
contents is given in Fig. 4B. Surprisingly, oliv- 
ines from LP 34A have a restricted range in Fo 
content but plot in two quite distinct popula- 
tions. The low Ca0 (0.02-0.1 1Yo) olivines are 
unlike those in all the other “high-Mg” series 
lavas, but have similar Ca0 contents to oliv- 
ines in boninites (our unpubl. data). In addi- 
tion, low-Ca olivines only include Cr-spinels 
with medium Cr# (49-58), which contrasts 
with the inferred boninitic affinities, since 
boninite chromites usually have Cr# > 75 
(Crawford et al., 1989). These low-Ca olivines 
may be xenocrysts derived from spinel lherzo- 
lite or harzburgite upper mantle. Olivine 
phenocrysts from VB 1 1C define a single, 
broad population which shows a negative cor- 
relation between Ca0 and Fo contents, with 
Ca0 being around 0.13-0.14% in the most 
magnesian olivines (F094). In both LP 34A and 
VB 1 1 Cy the most calcic olivines are those in- 
cluded in pyroxenes. Olivines from the high- 
Ca population of LP 34A, VB 1 1C and HR 
1 lA, plus additional olivines from Matthew 
and Hunter islands (MT 24A and HR 6, Mail- 
let et al., 1986), all plot along the same trend 
and include Cr-rich spinels (Cr# = 7 1-82). 
Interestingly, olivines from a doleritic-tex- 
tured cognate inclusion (HR 4M) with a high- 
Ca boninite composition from Hunter island 
(Maillet et al., 1986), and from a boninite 
(105/2) dredged along the Hunter Ridge 
(Sigurdsson et al., 1993) also plot along this 
trend and include Cr-rich spinels. 
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4. Whole-rock geochemistry 

.1. Analytical techniques 

Major- and trace-element (V, Cry Co, Ni, Cu, 
Zn, Rb, Sr, Ba) analyses of 76 selected lavas, 
29 of which have complementary trace ele- 
ments and REE (Sc, Y, Zr, Nb, La, Nd, Eu, 
Dy, Er, Yb ) (Table 2 ) , were carried out for this 
study. The complete set of data is available 
upon request (M.M. ). 

Selected rock fragments were ground in ag- 
ate. Powders were digested with a concen- 
trated acid mixture (1:8 HN03:HF). Fluor- 
ides were then dissolved and HF neutralized 
with an H3B03 solution. International stan- 
dards (JB2, BEN, ACE, GSN, MICA-Fe) were 
used for calibration. Major elements were de- 
termined by flame Atomic Absorption Spec- 
trometry (AAS) , Atomic Emission Spectrom- 
etry (AES) or Colorimetry (C): Si02 (AAS, 
relative standart deviation = 1 O/o) , Tioz (AAS, 
5%), A1203 ( u s ,  2%), Fez03 (AAS, %o), 
MnO (AES, 5 % ) ,  MgO (AAS, 2%), Ca0 
(AAS, 2%), NazO (AAS, 29'0)~ KzO (AAS, 
2%) and P205 (Cy 10%). Trace elements were 
determined by AAS, AES or Inductively Cou- 
pled Plasma Emission Spectrometry (ICPES ) : 
Rb (AES, limit of detection in ppm= 1, rela- 
tive standard deviation=5%), Ba (AAS, 20, 
10?40), Nb (ICPES, 1,5%), La (ICPES, 1, 5%), 
Sr (AES, 1, 5%), Nd (ICPES, 1, 5%), Zr 
(ICPES, 2, %o), Eu (ICPES, 0.2, %o), Dy 
(ICPES, 0.5, 5 % ) ,  Y (ICPES, 0.5, 5%), Er 
(ICPES, 1, lo%), Yb (ICPES, 0.2, 5 % ) ,  V 
(AAS, 20, lo%), Cr (AAS, 2, %O), Co (AAS, 
2, 5%), Ni (AAS, 2, 5%), Cu (AAS, 1, 5 % ) ,  
Zn (AAS, 2, 5%) and Sc (ICPES, 0.5, 5 % ) .  In 
this paper, major elements are always ex- 
pressed as wt.%, recalculated to 100% volatile 
free. 

4.2. Classification and comparison with other 
suites 

The major-element geochemical variation of 
the lavas from the southern termination of the 

NH arc is presented in Figs. 5 and 6. These data 
are compared with: 

( 1 ) 204 unpublished analyses of lavas from 
the NH Central Chain (performed by the same 
laboratory, with the same analytical proce- 
dures as those reported here for lavas from the 
southern termination of the NH arc). 

(2) 26 analyses of boninites from the north 
Tonga Ridge (Falloon and crawford, 1 99 1 ), 
and 2 analyses of boninites from the intersec- 
tion of the southernmost North Fiji Basin 
spreading centre and the Hunter Ridge (Sig- 
urdsson et al., 1993). 

( 3 )  4 analyses of dolerite-textured boninite 
inclusions and 1 analysis of a pyroxene cumu- 
late inclusion, in subaerial lavas from Mat- 
thew and Hunter volcanoes (Maillet et al., 
1986). 

(4) 8 analyses ( 1 basalt, 2 mafic andesites 
and 5 sodic rhyolites) of rocks from the inter- 
section of the southernmost North Fiji Basin 
spreading centre and the Hunter Ridge (Sig- 
urdsson et al., 1993). 

( 5 )  25 analyses of BABB (Back-arc Basin 
Basalts) and MORB from the southernmost 
part of the North Fiji Basin and the Hunter 
Ridge (Eissen et al., 1991; Sigurdsson et al., 
1993). 

The lavas from the volcanoes at the south- 
ern termination of the NH arc show a compo- 
sitional range from basalts to rhyolites (from 
5 1 to 70% Sioz), and clearly, a number of dis- 
tinct magmatic suites can be identified from 
major- and trace-element data, sometimes even 
for rocks from the same volcano (e.g. Vau- 
ban). With the notable exception of two unu- 
sually K-rich basic andesites from Vauban 
Seamount (labelled VBHK in Figs. 5-1 O )  , all 
the analyzed lavas lavas are systematically 
lower in K20, at a given Si02 level, compared 
to recent lavas of the NH Central Chain vol- 
canoes (Fig. 5 ). Classification into tholeiitic 
versus calc-alkaline is notoriously complicated 
for arc-related lavas. On a FeO*/MgO vs. SiO2 
diagram (Fig. 5 ) ,  the lavas from the Gemini 
East seamount (GME), the forearc slope of 
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Fig. 5. K200/o and FeO*/MgO vs. SiOZo/o diagrams (all data recalculated to 100% volatile free); abbreviations as in Fig. 2. 
I :  this study; 2: from Maillet et al. (1986); 3, 4 and 5: from Sigurdsson et al. (1993); 6 this study; 7: 204 unpublished 
analyses of recent arc lavas from Vanua Lava, Aoba, Ambrym, Kuwae and Tanna (see Fig. 1 for location of these volcan- 
oes); 8: from Falloon and Crawford ( 1991 ); 9 from Eissen et al. ( 199 1 ) and Sigurdsson et al. ( 1993). 9VBHK= high-K 
Vauban seamount basaltic andesite; VBLK= low-K Vauban seamount basaltic andesite. Individual trends for Hunter 
(HR), Matthew and Charlotte (MTCH) and Eastern Gemini lavas (GME) are shown. 

this region (SUB 1 1 ) and Volsmar seamount 
(VSM) show a broad tholeiitic trend (Gill, 
198 1 ). On a Feo* vs. FeO*/MgO plot, the la- 
vas classified as tholeiitic above also define a 
broad but distinct Fe-enrichment trend, and 
may be classified as arc tholeiites. This suite of 
lavas shows, except for K,O, strong composi- 

tional similarities to arc lavas from the main 
section of the New Hebrides arc (Fig. 5)  and 
is therefore referred to as a “normal” island- 
arc basalt suite, herein abbreviated to IAB. 

In contrast, basaltic andesites to rhyolites 
from the southernmost NH arc subaerial vol- 
canoes and seamounts (south of 22 O S )  define 
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a distinct calc-alkaline trend, due to their 
higher MgO and lower Feo* contents at a given 
SiO2 level, and an Fe-depletion trend with 
fractionation compared to the “normal” rocks; 
they are thus referred to as a “high-Mg” ande- 
site suite, abbreviated herein to HMA. 

It is worthwhile noting that true basalts 
( -= 53% SO2) are absent from the HMA lava 
suite. Inclusions in Matthew and Hunter lavas, 
some lavas from further east on the Hunter 
Ridge (including high-Mg andesites, rhyolites 
and boninites) , and boninites from the north- 
em Tonga Ridge, define similar compositional 
variations as the southern NH arc HMA suite, 
and it is likely that the parental magmas of this 
suite were boninitic according to the criteria of 
Crawford et al. (1989). 

In Fig. 6, major- and minor-element oxides 
are plotted against MgO content. The IAB suite 
lavas show a slightly more restricted range of 
MgO (6 to 1Yo) in comparison with HMA 
rocks (9 to lYo), and the two suites are gener- 
ally clearly separated on most of these plots. In 
general, IAB rocks plot in the fields defined by 
NH Central Chain rocks, whereas the HMA 
suite has higher SO2, Na20, K20, and lower 
Tio2, Fe@$, MnO, and Ca0 contents at a 
given MgO content. On the Sioz vs. MgO dia- 
gram, the field delineated by the HMA rocks 
overlaps the field of boninites from the north- 
ern Tonga Ridge. Nevertheless, on other dia- 
grams (especially Fe20T and Na20 vs. MgO 
and to a lesser extent Tio2 vs. MgO), these two 
fields are clearly separated. 

Sampling carried out on each volcano is gen- 
erally too poor to define individual trends on 
these major element binary diagrams. Never- 
theless, analyses of IAB from Gemini East sea- 
mount define positive correlations between 
Sioz (51-54%), Tio2 (0.9-1.4%), Fe20$ 
(10-13%) and MnO (0.17-0.22°/o), all char- 
acteristic of a tholeiitic fractionation trend. 
However, compared to lavas of the Central 
Chain, basic andesites from Gemini East have 
unusually high Tioz contents, approaching 
those of the North Fiji Basin basalts. In con- 
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trast, the HMA lava suite, especially the ande- 
sites and dacites from Matthew and Hunter 
volcanoes, show very low Tio2 contents (as 
low as 0.4% for HR), as previously noted by 
Gill (1981) and Maillet et al. (1986). 

For each suite, SiO2, Na20, K20 show clear 
negative correlations with MgO whereas Tio2, 
Fe204, MnO and Ca0 are positively corre- 
lated with MgO content. Such correlations 
probably reflect fractional crystallization and/ 
or magma mixing processes along two broad 
evolutionary trends originating from two dis- 
tinct parental magmas. Basic andesites from La 
Perouse and Vauban seamounts represent the 
most primitive sampled lavas of the HMA se- 
ries. However, complicating this simple sce- 
nario are large variations in Tio2, MgO, K@ 
and P205 contents of the Mg-rich basic ande- 
sites from Vauban, clearly transverse to the 
broad evolutionary trend of the HMA series, 
and requiring further explanation. 

A second complicating factor centres on 
Gemini West seamount. This volcano is lo- 
cated well north of the 22 o S dividing line be- 
tween the IAB and HMA suites, and is close to 
the typically tholeiitic and IAB Gemini East 
seamount (Fig. 2 ) . Most major element com- 
positional features of Gemini West dacites are 
colinear with, or close to the trends for the 
HMA suite rocks (Figs. 6 and 7) .  In contrast, 
incompatible-trace-element and REE abun- 
dances in the Gemini West lavas are more 
characteristic of the IAB suite (Figs. 7 and 8, 
where SUB 1 103 might represent in a broad 
sense a possible parental magma to the ana- 
lysed Gemini West dacites), and indicate a 
strong decoupling of large ion lithophile ele- 
ments (LILE) from major-element contents. 
This may reflect the fact that Gemini West sits 
50 km closer to the east-dipping subducted slab 
than does its neighbour Gemini East sea- 
mount, so that magma generation processes as 
reflected in the major-element compositions 
for Gemini West are more akin to those occur- 
ring at shallower depth-to-slab distances, such 
as exist beneath the typically calc-alkaline to 

b 
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boninitic HMA suite volcanoes. In contrast, the 
trace-element signatures are controlled to a 
significant degree by the nature of slab-derived 
fluids, and are similar for Gemini West and for 
the neighbouring IAB group volcanoes. 

Variation diagrams for the compatible trace 
elements V, Cr and Ni vs. MgO and SiO2% are 
given in Fig. 9. The two suites of lavas previ- 
ously defined are clearly discriminated on the 
V vs. MgO diagram. The IAB series plots in 
the NH Central Chain lavas field, whereas the 
low-V content of the Mg-rich lavas is obvious, 
and parallels their low Fe20,* contents, partic- 
ularly Matthew, Charlotte and Hunter sam- 
ples. On the Cr and Ni vs. SiO2 diagrams, 
Gemini West, Gemini East, SUB 11 and Vols- 
mar lavas again plot in the field of the NH 
Central Chain lavas. The HMA suite rocks at 
the low-Si02 end of their compositional spec- 
trum overlap the field for northern Tonga 
Ridge boninites (Falloon and Crawford, 
199 1 ), Hunter Ridge boninites (Sigurdsson et 
al., 1993) and inclusions in Matthew and 
Hunter lavas (Maillet et al., 1986), but at SiO2 
contents >57%, there is a suggestion of two 
trends, one defined by rocks from Hunter, the 
other by the remaining HMA suite rocks. This 

“boninitic” field shows large Cr and Ni varia- 
tions (Cr=830 to 130 ppm; Ni=230 to 40 
ppm) for a very narrow range of %O2 varia- 
tion (Si02=54.5 to 57.6%), presumably re- 
flecting olivine + Cr-spinel fractionation/ac- 
cumulation with MgO buffered by 
clinopyroxene, the dominant mafic pheno- 
cryst phase in these rocks. 

Except for some basaltic andesites from La 
Perouse and Vauban seamounts (and espe- 
cially the K-rich basic andesites from Vau- 
ban) , all the analyzed lavas are systematically 
lower in the more incompatible trace elements 
(Rb, Ba, La, Zr), at a given SiO2 level, com- 
pared to recent lavas of the NH Central Chain 
volcanoes. In particular, all these lavas, with- 
out exception, have exceptionally low Ba con- 
tents, similar to those of MORB, back-arc basin 
basalts (BABB ), or boninites (Fig. 1 O).  For the 
less incompatible trace elements (Dy, Y, and 
Yb), IAB suite lavas plot in the field defined 
by the recent lavas of the NH Central Chain 
volcanoes, whereas HMA suite lavas (except 
for the high-K Vauban lavas) plot well beneath 
this field (Fig. 10). 

N-MORB normalized element variation 
diagrams for the more mafic rocks studied are 



HIGH-MG ANDESITES FROM THE SOUTHERN NEW HEBRIDES ISLAND ARC (SW PACIFIC) 209 

500 

400 

300 

200 

1 O0 

O 
O 4 8 12 MgO 16 

1000 

800 

600 

400 

200 

O 
45 50 GME 55 70 75 

400 T Ni 

300 

200 

1 O0 

O 

1 HMA suite lavas 
x 2 Matthew and Hunter inclusions; 

doleritic inclusions from both islands 
and one pyroxene cumulate from 
Hunter (HR 4L) 

near 17%"' 
4 Basalt and basic andesites from the 

Hunter Ridge near 173OE 

near 173"E 

7 New Hebrides Central Chain 

High-Ca boninites from the 

BABB and MORB from the 
southernmost parts 
of the North Fiji Basin and 

A 3 Sodic rhyolites from the Hunter Ridge northern Tonga Ridge 

0 5 Boninites from the Hunter Ridge from the Hunter Ridge 

1 6 IAB suite lavas 

Fig. 9. V (ppm) vs. MgO% and Cr and Ni (ppm) vs. Sioz% diagrams; caption as for Fig. 5 

given in Fig. 1 1. Characteristic arc-lava fea- 
tures of these patterns include the relative en- 
richment of LILE compared to high field 
strength elements (HFSE) and heavy REE, the 
pronounced negative Nb anomaly, the posi- 

tive Sr anomaly, and levels of HFSE and HREE 
at or below N-MORB levels. 

Within the IAB suite (Fig. 1 1 A), the more 
magnesian (4 1 < Mg# < 49 ) lavas show signif- 
icant variation in the extent of enrichment of 
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- 
75 
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High-Ca boninites from the 
northern Tonga Ridge 

BABB and MORE from the 
southemmost parts 
of the North Fiii Basin and 
from the Hunter Ridge 

Rb, Ba and Ky although the REE and HFSE natures for basaltic andesite 
show little variation. Except for slightly lower 
levels for the elements from P to Yb, element 
variation trends for basalts and basaltic ande- 
sites from Gemini East do not differ markedly 
from those of BABB from the southernmost 
North Fiji Basin, whereas the more K-rich ba- 
saltic andesites from SUB l l (and possible pa- 
rental magmas to the analysed Gemini West 
dacites) plot away from North Fiji Basin ba- 
salts field and fall in the field of NH Central 
Chain lavas. ln contrast, the trace-element sig- 

from Volsmar 
seamount are very close to those for the "high- 
Mg" lavas (Fig. 11B). Although major-ele- 
ment abundances for Volsmar rocks are char- 
acteristic of the IAB suite (Fig. $), Volsmar 
volcano is located close to the 22"s dividing 
line between the IAB and HMA suites (Fig. 2), 
which could explain trace-element abundances 
similar to those of the HMA suite lavas. 

Excluding lavas from Vauban seamount, the 
more magnesian ( 54 < Mg# < 69 ) lavas from 
the HMA suite define a fairly tight trend on 
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Fig. 1 1 .  N-MORB normalized incompatible-element abundance patterns for the more mafic rocks of the IAB (A) and 
HMA (B) suites (see caption of Fig. 8). For comparison: I: 204 unpublished analyses of recent New Hebrides Central 
Chain lavas (see caption of Fig. 5);  2 from Eissen et al. (1991) and Sigurdsson et al. (1993); 3 from Sigurdsson et al. 
(1993). 

the N-MORB normalized element variation 
diagram (Fig. 1 1B). Although their element 
patterns are similar in shape to those of the IAB 
suite, they show notably lower levels of HREE 
and Ti, and higher levels of all elements more 
incompatible than Eu, including both Nb and 
Zr, than IAB group lavas. The two analyzed 
Vauban basaltic andesites, with Mg# values of 
67 and 69, differ from the other HMA suite la- 
vas in several respects. Firstly, neither shows a 

peak at Sr. Since these rocks contain similar 
modal abundances of plagioclase to the other 
mafic HMA suite samples plotted in Figure 
1 lB, this difference cannot be attributed to 
plagioclase fractionation. Secondly, the HREE 
levels of the Vauban samples are higher than 
those of the other HMA suite lavas. Further- 
more, the two Vauban rocks show markedly 
different levels of enrichment of the LREE, P, 
Zr and HREE, with those defined above on the 
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basis of their K20-SO2 relationships as being 
high-K having notably higher contents of these 
elements. Lastly, it is apparent that, excluding 
high-K Vauban lavas, the trends for the more 
magnesian lavas from the HMA suite broadly 
parallels from Rb to Ti the trend for the bon- 
inites from the Hunter Ridge (Fig. 1 1B). 

In Fig. 12, Nb, La, Zr and Dy contents, and 
La/Dy, are plotted for all analyzed samples, 
from northwest to southeast, according to their 
position along the southernmost NH arc. These 
plots effectively demonstrate the significant 
compositional differences between the IAB and 
the HMA lava suites. 
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Fig. 12. Nb, La, Zr and Dy contents (in ppm), and La/Dy ratio, plotted for all analyzed samples, from northwest to 
southeast, according to their position along the southern NH arc termination. 
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We have begun a more detailed petrological 
and isotopic study of the lavas described here, 
which will be published elsewhere. 

5. Discussion 

The major- and trace-element variation 
trends described above can be considered, to a 
first approximation, as having been produced 
by fractional crystallization processes operat- 
ing on two spatially distinct arc magmatic 
suites. As these two magmatic suites, IAB and 
HMA, appear to occur in two distinct tectonic 
settings, magmatic and tectonic processes are 
closely linked at the southern termination of 
the NH arc. In this perspective, the magmatic 
evolution of the IAB suite is probably gov- 
erned by petrogenetic processes similar to those 
occurring in the main part of the NH arc 
(Crawford et al., 1988; Eggins, 1989; Eggins, 
1993), whereas the HMA suite has a more 
atypical origin and evolution. 

Magmas similar to the most mafic lavas from 
La Perouse and Vauban seamounts are proba- 
bly parental to the HMA suite, and have some 
compositional affinities to high-Ca boninites 
(Crawford et al., 1989). Interestingly, true 
high-Ca boninites have been dredged only 1 00 
km to the east of Hunter island, in the area 

TABLE 3 

- 

0.58 0.58-0.64 , CaO/A1203 0.72 0.71-0.82 0.72-0.82 0.53-0.60 0.53 0.68-0.70 

where the N-S North Fiji Basin spreading axis 
abuts the Hunter Fracture Zone (Crawford and 
Eggins, 1991; Sigurdsson et al., 1993). In such 
a complex tectonic setting, with a spreading 
axis propagating into an intra-oceanic arc, in 
an area dominated by transform plate motion 
(Maillet et al., 1989), boninite generation oc- 
curs by melting of a refractory hydrated man- 
tle at a shallow level under the Hunter Ridge, 
the necessary extra heat being supplied by the 
rising diapirs of the intersecting spreading axis. 
Generation of boninites in this area was pre- 
dicted by Crawford et al. ( 1989) and, in a sim- 
ilar tectonic setting at the northern end of the 
Tonga arc, high-Ca boninites are also known 
(Sharaskin et al., 1983; Danyushevsky and So- 
bolev, 1987; Falloon et al., 1987, 1989; Fal- 
loon and Crawford, 199 l ) . Major-element 
concentrations of the mafic andesites from La 
Perouse and Vauban seamounts, boninites 
from the northern end of the Tonga arc, bon- 
inites from the Hunter Ridge, and doleritic in- 
clusions from Matthew and Hunter islands 
(Maillet et al., 1986) are compositionally sim- 
ilar (Table 3 ) , with slight differences for Tio2, 
alkalies and P205. 

Doleritic inclusions are common in Mg-rich 
acid andesites of Matthew and Hunter islands 
(up to 1-2% by volume). These generally have 
acicular mineral morphologies and a glassy, 

Major-element compositions of boninites from the northern Tonga Ridge (bon. 1 = 3-53-IV, 3-22-IV and 3-28-IV samples with 
MgO w Wo, bon. 2= 3-21-11, 3-51-11,3-25-111, and 3-24-V samples with MgOw 10-1 1%; Falloon and Cradord, 1991), boninites 
from the Hunter Ridge ( 105.1 and 2 in Sigurdsson et al., 1993), doleritic inclusions in Matthew and Hunter acid andesites (MT 
35A and B, HR 4M and HR 8G in Maillet et al., 1986) and basaltic andesites from LP and VB seamounts (this study). All data 
with total iron as Fe203 and recalculated to 100% volatile free 

si02 
Ti02 
Al203 
Fe203* 
MnO 

Ca0 
Na20 
K20 
P205 

Mg0 

Mg# 

NT bon. I 
53.8-56.9 
0.27-0.29 
13.1 -14.7 
10.1-11.0 
0.1 7-0.1 9 

7.7-8.1 
9.4-10.6 

1.3-1.6 
0.40-0.53 
0.04-0.06 
0.58-0.61 

NT bon. 2 HRFZ bon. HR dol. incl. MT dol. incl. 
53.4-58.6 57.1-57.3 54.7-56.0 56.8-57.6 
0.23-0.30 0.13-0.18 0.28-0.31 0.34-0.44 
10.9-12.7 11.5-12.3 14.5-14.6 16.1 
9.7-10.9 8.7-9.7 7.4-7.9 7.6-7.8 

0.1 6-0.1 8 0.1 5-0.1 7 0.14-0.1 5 0.1 2-0.14 
10.3-11.0 10.0-10.7 10.1-10.6 6.0-6.1 
7.7-10.4 8.8-9.4 7.7-8.7 8.5-8.6 

1.4-1.6 1.5-1.6 2.7-3.1 3.0-3.1 
0.44-0.57 0.32-0.36 0.50 0.60-1 .O0 
0.03-0.07 0.04 0.1 I 
0.65-0.69 0.67-0.71 0.73 0.61 

LP 
54.9-55.3 
0.58-0.59 
13.9-14.2 

8.1-8.4 
0.15 

8.5-8.9 
9.6-9.8 
2.5-2.6 

0.74-0.94 
0.10-0.12 
0.67-0.69 

VBLK 
55.7-55.9 
0.66-0.69 
13.6-13.8 

8.5-8.6 
0.14 

8.7-8.8 
7.9-8.0 

3.0 
1.24-1.28 
0.20-0.30 

0.67 

VBHK 
55.1-55.2 
0.78-0.86 
13.3-14.0 

8.4-8.5 
0.14 

7.6-7.8 
8.1-8.5 
3.2-3.3 

1.92-2.03 
0.41 -0.60 
0.64-0.65 
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vesicle-rich matrix, suggestive of a quench or- 
igin. They may represent quenched blobs of 
near-parental boninitic high-Mg andesite 
magma incorporated into the acid andesite host 
magma prior to eruption. As suggested by 
Maillet et al. ( 1986), and shown in Figs. 6 and 
8, inclusions and host-lavas are almost cer- 
tainly comagmatic. Intra-flow inhomogenei- 
ties and banding in Matthew and Hunter an- 
desites suggest that even if fractional 
crystallization is the main differentiation pro- 
cess, mixing of cogenetic mafic and more 
evolved magmas is certainly frequent on Mat- 
thew and Hunter. The same combination of 
fractional crystallization and magma mixing 
might occur along the whole southern termi- 
nation of the arc, and is presently being tested 
by melt inclusion studies. 

At the southern termination of the New He- 
brides arc, dominated as it has been over the 
last few Ma By fast transform motions, both the 
low magmatic production rates for these vol- 
canoes, and the unusual broadly boninitic af- 
finities of the arc volcanism may be due to a 
combination of a downgoing slab torn by hinge 
zones, unusually small depth-to-slab distances 
for the volcanoes, and an unusually hot re- 
gional upper mantle due to diapirs supplying 
the intersecting back-arc spreading axis. The 
ongoing collision between the Loyalty Ridge 
and the arc may also be partly responsible for 
these unusual magmatic characteristics, as 
presently only a very small amount of conver- 
gence occurs along the southernmost segment 
of the trench. 
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