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19. MAGMATIC EVOLUTION OF THE NORTH AOBA INTRA-ARC BASIN: SITES 832 AND 833!

T. Hasenaka,? A.J. Crawford,? L. Briqueu,* M. Coltorti,” PE. Baker.’ and A. Fujinawa’

ABSTRACT

New petrographic and compositional data were reported for 143 samples of core recovered from Sites 832 and 833 during
Ocean Drilling Program (ODP) Leg 134, Site 832 is located in the center and Site 833 is on the eastern edge of the North Aoba
Basin, in the central part of the New Hebrides Island Arc. This basin is bounded on the east (Espiritu Santo and Malakula islands}
and west (Pentecost and Maewo islands) by uplifted volcano-sedimentary ridges associated with collision of the d’Entrecasteaux
Zone west of the arc. The currently active Central Belt volcanic front extends through the center of this basin and includes the
shield volcanoes of Aoba, Ambrym, and Santa Maria islands.

The oldest rocks recovered by drilling are the lithostratigraphic Unit VII Middle Miocene volcanic breccias in Hole 832B.
Lava clasts are basaltic to andesitic, and the dominant phenocryst assemblage is plagioclase + augite + orthopyroxene + olivine.
These clasts characteristically contain orthopyroxene, and show a low to medium K calc-alkaline differentiation trend. They are
tentatively correlated with poorly documented Miocene calc-alkaline lavas and intrusives on adjacent Espiritu Santo Island,
although this correlation demands that the measured K-Ar of 5.66 Ma for one clast is too young, due to alteration and Ar loss.

Lava clasts in the Hole 832B Pliocene-Pleistocene sequence are mainly ankaramite or augite-rich basalt and basaltic andesite;
two of the most evolved andesites have hornblende phenocrysts. These lavas vary from medium- to high-K compositions and are
derived from a spectrum of parental magmas for which their LILE and HFSE contents show a broad inverse correlation with SiO,
contents. We hypothesize that this spectrum results from partial melting of an essentially similar mantle source, with the low-8i0,
high HFSE melts derived by lower degrees of partial melting probably at higher pressures than the high SiO,, low HFSE magmas.
This same spectrum of compositions occurs on the adjacent Central Chain volcanoes of Aoba and Santa Maria, although the
relatively high-HFSE series is known only from Aoba.

Late Pliocene to Pleistocene lava breccias in Hole 833B contain volcanic clasts including ankaramite and augite + olivine +
plagioclase-phyric basalt and rare hornblende andesite. These clasts are low-K compositions with flat REE patterns and have
geochemical affinities quite different from those recovered from the central part of the basin (Hole 832B). Compositionally very
similar lavas occur on Merelava volcano, 80 km north of Site 833, which sits on the edge of the juvenile Northern (Jean Charcot)
Trough backarc basin that has been rifting the northern part of the New Hebrides Island Arc since 2-3 Ma.

The basal sedimentary rocks in Hole 833B are intruded by a series of Middle Pliocene plagioclase + augite * olivine-phyric
sills with characteristically high-K evolved basalt to andesite compositions, transitional to shoshonite. These are compositionally
correlated with, though ~3 m.y. older than, the high-HFSE series described from Aoba.

The calc-alkaline clasts in Unit VI1 of Hole 832B, correlated with similar lavas of Espiritu Santo Island further west, presumably
were erupted before subduction polarity reversal perhaps 610 Ma. All other samples are younger than subduction reversal and were
generated above the currently subduction slab. The preponderance in the North Aoba Basin and adjacent Central Chain islands of
relatively high-K basaltic samples, some with transitional alkaline compositions, may reflect a response to collision of the
d’Entrecasteaux Zone with the arc some 2-4 Ma. This may have modified the thermal structure of the subduction zone, driving

magma generation processes to deeper levels than are present normally along the reminder of the New Hebrides Island Arc.

INTRODUCTION

The North Aoba Basin (NAB) forms a part of an intra-arc basin
in the central part of the New Hebrides Island Arc. This basin is more
than 3000 m deep and is located between Espiritu Santo Island of the
Western Belt and Maewo Island of the Eastern Belt and is bordered
by the active Central Chain volcanic islands of Santa Maria (Gaua)
in the north and Aoba (Ambae) in the south (Fig. 1). Fisher et al.
(1988) correlated the acoustic basement of the basin with early and
middle Miocene volcanics presently exposed on Espiritu Santo Island
less than 100 km to the west of Site 832. Thus the basin fill, with a
maximum thickness of 4.9 km (Holmes, 1988), should preserve a
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good sedimentary record of post early-Miocene volcanism on nearby
islands or submarine volcanic centers.

It is generally accepted that the New Hebrides Island Arc experi-
enced a subduction polarity reversal between Middle and Late Mio-
cene (e.g., Karig and Mammerickx, 1972; Carney and Macfarlane,
1982; Greene et al., 1988). Before opening of the North Fiji Basin
(NFB), subduction of the Pacific oceanic plate was from east to west
along the presently inactive Vitiaz trench. Since early Late Miocene,
the oceanic slab has been underthrusting from west to east during the
time that the NFB has been opening (e.g., Auzende et al., 1988). Seis-
mological data are consistent with the existence of the presently
steeply east-dipping oceanic slab (Pascal et al., 1978). However, to
explain clusters of deep earthquakes beneath the NFB, east of the
central part of the New Hebrides Island Arc, Hamburger and Isacks
(1987) suggested the continued existence beneath this region of a
remanent (detached?) slab of the Pacific Plate that was subducted
beneath the Vitiaz arc pre-subduction reversal.

The model for Middle Miocene reversal of subduction polarity
beneath this arc system is difficult to prove or disprove from available
geochronological and geochemical data for volcanics exposed on the
islands. The existence of three volcanic belts (i.e., Western Belt,
Central Chain, and Eastern Belt) with somewhat different but over-
lapping ages make any model for the tectonic development of this arc
system rather complicated.
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Figure 1. Location of Leg 134 Sites 832 and 833, Vanuatu. The areas with diagonal lines
show sedimentary structural basins of the central New Hebrides island arc, Vanuatu. The
inset is a locality map of the North Aoba Basin. Figures were taken from Collot, Greene,

Stokking, et al. (1992).

A major objective for drilling the two deep holes in the NAB was
to recover a full stratigraphic section that would provide a sedimen-
tological and volcanic record of the hypothetical reversal of subduction
polarity in this arc system. The principal purpose of this study is to
establish the lithostratigraphic and compositional affinities of the
volcanic breccias and sills recovered from the NAB during Leg 134,
in order to provide information on the changing character of magma-
tism in the context of this complex intra-arc basin development. Iso-
topic data for selected samples from Holes 832B and 833B are reported
in Briqueu et al. (this volume). Tephras recovered from the upper levels
of the both holes were not included in this study and are described by
Baker et al. (this volume) and Gérard and Person (this volume).

GENERAL GEOLOGY AND TECTONIC HISTORY

The tectonic framework of the New Hebrides Island Arc has been
greatly influenced by the opening of the NFB, a marginal (backarc)
basin located immediately east of the arc. Before the opening of this
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basin probably 10-12 Ma (Auzende et al., 1988), a single arc (the
Vitiaz arc) existed between the Australia-India and Pacific plates,
along the Vitiaz trench. Parts of the New Hebrides Island Arc, the Fiji
Islands, and the Lau and Tonga ridges all formed part of this long
Vitiaz arc. The late Oligocene to middle Miocene volcanism of the
Western Belt of the New Hebrides Island Arc, exposed on the islands
of Espiritu Santo and Malakula, is believed to have been produced
during this west-dipping subduction. Collision of the Ontong Java
Plateau with the northern end of the Vitiaz arc, perhaps around 10 Ma,
forced a reversal of the subduction polarity and eventual opening of
the NFB. The opening of this backarc basin involved clockwise rota-
tion of the New Hebrides Island Arc and counter-clockwise rotation
of Fiji (Chase, 1971; Falvey, 1978; Carney and Macfarlane, 1982).
Macfarlane et al. (1988) have summarized the onshore geology of
the central New Hebrides Arc. Espiritu Santo Island in the Western Belt
developed probably in the late Oligocene to early Miocene, with
extensive submarine volcanics between 25 and 15 Ma. The oldest rocks
include basaltic and andesitic lavas and volcanic breccias, including



pyroxene- and hornblende-phyric calc-alkaline andesites and basalts.
Early to middle Miocene composite and zoned intrusions of basalt,
andesite, microdiorite, and minor gabbro are also not uncommon on
Espiritu Santo Island. In the middle Miocene (14-11 Ma), volcano-
genic graywacke and reef-derived carbonates accumulated in grabens.
There is no post middle Miocene magmatism on Espiritu Santo Island,
and by late Miocene to early Pliocene time (11—4 Ma) the Western Belt
had emerged as a landmass. Final rapid uplift of the Western Belt took
place 2-0 Ma, in response to the continuing collision and subduction
of the d'Entrecasteaux Zone.

The Eastern Belt is an uplifted submarine ridge also produced
mainly due to collision of the d’Entrecasteaux Zone. Voluminous
basaltic to andesitic submarine volcanism with medium- to high-K
affinity took place along the Eastern Belt and later at the eastern edge
of the Central Chain (5.8 Ma). Vertical uplift in the early to late
Pliocene (4-2 Ma) exposed the Eastern Belt and may have been
associated with emplacement of the Basement Complex ophiolites on
Pentecost Island. Volcanism on Maewo and Pentecost islands ceased
after late Pliocene.

Although volcanism as old as late Miocene is known from the
Central Chain islands, it is limited to the northern and southernmost
parts of the arc. Most Central Chain volcanism is younger than 3 Ma
(Macfarlane et al., 1988).

ANALYTICAL METHODS

Microprobe analyses were made at University of Leeds using a
CAMECA SX-50 instrument fitted with three wavelength dispersive
spectrometers and a LINK 10/55S energy dispersive system. Detailed
analysis conditions are described in Baker et al. (this volume). XRF
analyses were carried out at two different laboratories, Tohoku Univer-
sity, Japan, and University of Ferrara, Italy. Many samples were
analyzed at both laboratories, and here we report the Tohoku-analyzed
suite, with a few additional samples from the Ferrara-analyzed suite
that were not analyzed at Tohoku. The analytical procedures at Uni-
versity of Ferrara are described in Coltorti et al. (this volume). For that
at Tohoku University, usually two or three centimeter-sized cubes of
volcanic clasts or lavas were first boiled in distilled water until no
reaction was detected with the addition of AgNO; solution. They were
then dried and hand-crushed to ~1-mm-size grains using an iron mortar
and pestle. These coarse powders were then finely crushed using an
automatic agate mortar. For major element determinations, glass discs
for both standards and samples were made by fusing powders mixed
with LiBOs in the ratio 1:5. Pressed powdered discs for trace element
determinations were made from a mixture of rock powder and a small
amount of polybynyl alcohol. Both standards and unknown samples
were analyzed using a Rigaku 3080 XRF wavelength dispersive spec-
trometer. The measured X-ray intensities were then corrected for peak
overlap, X-ray absorption, and background. The calibration lines (or
in some cases curves) obtained for nearly 20 standards, mostly from
Geological Survey of Japan, were used to calculate the concentrations.

Rare earth elements (REE) were determined by ICP analysis, with
REE solutions being prepared by column separation at Tohoku Uni-
versity, and analyzed using a Jarrel-Ash ICP spectrometer at the
Department of Earth Sciences, Ibaraki University. Sample solutions
were prepared as follows, One gram of sample powder was digested
with a mixed acid (HF + HCIO4 + HNOj;) in a teflon beaker on a hot
plate; REE (La, Ce, Nd, Sm, Eu, Gd, Dy, Er, Yb, and Lu) and Y were
separated by a nitric acid cation exchange using DOWEX 50W-X8
resin, followed by a hydrochloric acid anion exchange using DOWEX
1-X8. 20% HCI was added to the final REE separate to make 20 ml
of solution for use in single element peak determinations.

LITHOLOGY AND PETROGRAPHY

At Sites 832 and 833 volcanic rocks are present as clasts in volcanic
breccias or sedimentary rocks, or as sills (Fig. 2). 143 samples have
been examined petrographically, and according to variations in pheno-
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cryst assemblages and textures these rocks have been assigned to dif-
ferent lithostratigraphic units.

Site 832

Lithostratigraphic Unit Il (386-462 mbsf)

This unit is composed of Pleistocene sandstones, siltstones, and
claystones, becoming more calcareous in the lower part. Volcanic clasts
are found in volcanic sandstone and volcanolithic breccias. Samples
for petrographic and geochemical study were taken at three different
horizons, 396, 405, and 435 mbsf. These clasts are ankaramite or
augite-phyric basalt to basaltic andesite. The typical phenocryst assem-
blage is augite + plagioclase olivine. Augite (13-35 modal%) and
plagioclase (10%-—40%) phenocrysts predominate, and olivine is sub-
ordinate (0%—4%). Small amounts of opaque oxides are always found.
All samples are vesicular, except the andesite. Alteration is relatively
minor. Zeolites grow in the vesicles, and palagonite replaces glass.

Sample 134-832B-31R-1, 129-132 cm, (435 mbsf) is a typical
basaltic clast with ~10% vesicles and euhedral to subhedral pheno-
crysts of augite (35%, 1-5 mm), serpentine-chlorite pseudomorphs
after olivine (5%, 0.3-1.2 mm), plagioclase (15%, 0.3-1.0 mm), and
microphenocryst-size Fe-Ti oxide minerals (1%, 0.1-0.2 mm).
Groundmass is fine-grained (<0.05 mm) with plagioclase laths, granu-
lar pyroxenes, and Fe-Ti oxide minerals, and interstitial spaces are
filled by cryptocrystalline minerals and altered, devitrified glass.

Lithostratigraphic Unit ITI (462626 mbsf)

This unit is composed of Pleistocene chalk, limestones, and cal-
careous mixed sediments with intercalated volcanic siltstones, sand-
stones, and volcanolithic breccias. Lava clasts in the breccias, mostly
0.2 to 5 cm long, are supported in a matrix of calcareous siltstones and
sandstones. Samples for petrographic and geochemical study were
taken at four different horizons: 500, 529, 552, and 617 mbsf. Although
these volcanic breccias were described as basaltic (Collot, Greene,
Stokking, et al., 1992), three of the four analyzed are, in fact, basaltic
andesites. Two groups of volcanic rocks are found among the volcanic
clasts; hormblende andesite, and ankaramite (or augite-phyric basalt).
Ankaramite clasts have abundant phenocrysts (up to 48% augite or
45% plagioclase), with two containing augite phenocrysts only, and
the other two containing both augite and plagioclase. Olivine phe-
nocrysts are not found in any samples, and only trace orthopyroxene
has been found in one homblende andesite. All samples are vesicular,
and alteration of glass (up to 15 modal%) is common.

Sample 134-832B-43R-3, 19-21 cm, representative of the horn-
blende andesite clasts of this unit, has euhedral to subhedral pheno-
crysts of plagioclase (35%, 0.3-1.5 mm), augite (5%, 0.3-2.5 mm)
and hornblende (4%, 0.3-2.0 mm). Plagioclase phenocrysts have
dusty cores full of minute, brown glassy inclusions, and occasional
small pyroxene and Fe-Ti oxide grains. Hornblende sometimes has
reaction rims consisting of aggregates of minute opaque minerals,
plagioclase, and pyroxenes. Microphenocryst-sized Fe-Ti oxide min-
erals (1%, 0.05-0.1 mm) and augite and plagioclase are ubiquitous.
Brown glass constitutes most of the groundmass, in which small
plagioclase laths, granular pyroxene and Fe-Ti oxides are scattered.
Irregular-shaped vesicles make up around 5 modal% of this rock,
which is exceptionally fresh and shows no sign of alteration.

Lithostratigraphic Unit IV (626-702 mbsf)

Basaltic breccia is the main component of this late Pliocene to early
Pleistocene unit, which also contains a subordinate amount of volcanic
siltstones and sandstones. Basaltic clasts in the breccia are primarily
angular to subangular vesicular basalt fragments, ranging in size from
sand grains to 20 cm. Clasts are supported in a matrix of sandstone and
siltstone. Sample 134-832B-55R-4, 121-125 cm, yielded a K-Ar age
of 2.8 £ 0.8 Ma, All analyzed samples from this unit are basaltic. In
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Figure 2. Summary of lithostratigraphic logs from Holes 832B and 833B.

contrast to lithostratigraphic Unit I11, in which olivine was absent, most
samples taken from this unit contain olivine phenocrysts. Orthopy-
roxene is found in only one sample. Of 24 samples examined pet-
rographically, 21 have the phenocryst assemblage plagioclase + augite
+ olivine, two contain only augite phenocrysts, and one contains both
augite and orthopyroxene. Fe-Ti oxide minerals are found in most
samples. The amount of alteration in some of these clasts is greater
than in samples from younger horizons, although all the samples
analyzed at Tohoku University are relatively fresh.

Sample 134-832B-56R-2, 4648 cm, is a typical plagioclase +
augite + olivine-phyric basalt of this unit. Euhedral-subhedral phe-
nocrysts include augite (20%, 0.5-3.0 mm), plagioclase (9%, 0.3-1.0
mm), and olivine (5%, 0.3-1.2 mm). Plagioclase has a dusty appear-
ance partly due alteration along cracks and cleavages, olivine phe-

378

nocrysts show no sign of alteration. The groundmass of most of these
lavas have intergranular textures, and zeolites fill the irregular-shaped
vesicles which constitute up to 10 modal% of these rocks. Three other
samples have the same phenocryst assemblage, buta partly devitrified
glassy matrix altered to palagonite.

Lithostratigraphic Unit V (702-866 mbsf)

This unitis composed of Late Miocene to Late Pliocene limestone.
A basaltic breccia 1.8 m thick between 836.7 and 838.5 mbsf is the
only occurrence of thick breccia in this unit. A single sample taken
for petrographic description, at 847 mbsf, is plagioclase (33%) +
orthopyroxene (29%) + augite (3%)-phyric, and although no chemical
analysis is available, it is probably andesitic in composition.
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Figure 2 (continued).

Lithostratigraphic Unit VI (866-953 mbsf)

In this unit lithified volcanic sandstone grades downward to very
coarse late Miocene volcaniclastic sandstone and conglomerate. Two
clasts from the same horizon (885 mbsf) are non-vesicular, and include
an olivine + augite-phyric basalt with rare plagioclase phenocrysts, and
an olivine + augite-phyric andesite lacking plagioclase phenocrysts.
Minor alteration affects both samples. Sample 134-832B-78R-1, 0-3
cm, is an olivine + augite-phyric basalt with phenocrysts of augite
(17%, 0.5-3.0 mm), olivine (4%, 0.3-3.0 mm), and plagioclase (3%,
0.3-1.0 mm). Augite phenocrysts are euhedral to subhedral with minor
chlorite alteration along cracks and inclusions. Olivine phenocrysts are
subhedral to anhedral, rather corroded, and with alteration varying
from almost none to 90%. Large olivine crystals are more euhedral and
more altered. Plagioclase is mostly subhedral, and grades down to
microphenocryst-sized crystals. Occasional microphenocrysts of Fe-

Ti oxides are found. Groundmass is rather glassy, and partially altered
to palagonite, with flow-orientated plagioclase laths and minute
granular opaques and pyroxenes.

Lithostratigraphic Unit VII (953-1107 mbsf)

This unit consists of 60% lithified volcanic breccia, and the remain-
der is lithified volcanic sandstone, siltstone, and vitric ash with pumice
fragments. The top of the unit has early Middle Miocene microfossils,
so the single K-Ar age (Rex, this volume) for one clast (Sample
134-832B-100R-3, 146-149 cm) of 5.66 Ma seems likely to be too
young, possibly due to incipient alteration. Volcanic clasts in the
breccia are subangular to rounded, commonly 5 mm to 2 cm in size,
and are vesicular, with voids and veins often filled with zeolite; they
are always supported by the volcanic sandstone matrix. Despite the
shipboard lithostratigraphic description as basaltic breccia (Collot,
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Greene, Stokking, et al., 1992), only two analyzed samples are basalt
and the remaining six analyzed samples are andesite. Several pheno-
cryst assemblages occur. All volcanic clasts from this unit characteris-
tically contain orthopyroxene. One basalt contains phenocrysts of
olivine and augite with trace amounts of orthopyroxene, and the other
contains phenocrysts of plagioclase and two pyroxenes. Andesites
show several phenocryst assemblages, including augite only, olivine +
plagioclase + augite, olivine + plagioclase + two pyroxenes, and
plagioclase + two pyroxenes. Studied samples are generally vesicular,
and some show extensive alteration, although altered samples were
avoided for our analytical study.

Sample 134-832B-94R-1, 34-37 cm, representative of the two
pyroxene andesite clasts in this unit, contains euhedral to subhedral
phenocrysts of augite (18%, 0.3-2.5 mm), plagioclase (13%, 0.3-1.5
mm), olivine (2%, 0.3-0.8 mm), and orthopyroxene (2%, 0.3-1.5 mm).
Olivine is the most altered phenocryst phase, ranging from 0% to 80%
altered. Both augite and orthopyroxene are slightly altered, and altera-
tion of plagioclase is negligible. Olivine often occurs as microphe-
nocrysts. Groundmass is composed of plagioclase laths, minute aci-
cular pyroxenes and brownish glass partly altered to palagonite.

One picritic basalt (134-832B-94R-2, 23-26 cm) contains abun-
dant phenocrysts of olivine (20%) and augite (5%). Olivine is com-
pletely altered to chlorite and clay minerals. The other basalt (134-
832B-99R-3, 53—57 cm) contains phenocrysts of plagioclase and two
pyroxenes, and is also highly altered.

Site 833

Lithostratigraphic Unit Il (376-578 mbsf)

This unit consists of black volcanic sandstones and fine-grained
basaltic breccia. Volcanic clasts range in size from sand grains up to
11 cm across, and are generally vesicular, subangular to rounded, and
are set in a matrix of unsorted volcanic sandstone. Of seven analyzed
samples, six are basaltic and one is an andesite. Phenocryst assem-
blages of the basaltic clasts include augite + plagioclase + olivine,
augite only, and olivine + augite. Samples with augite phenocrysts
alone have up to 60 modal% augite. The andesite has the phenocryst
assemblage plagioclase + two pyroxenes + hornblende, with trace
olivine. Vesicular and non-vesicular lavas occur, and some samples
show moderate alteration.

Sample 134-833B-37R-1, 42-43 cm, is typical of basaltic clasts
in this unit, and contains mostly subhedral phenocrysts of augite
(20%, 0.3-3.0 mm), plagioclase (10%, 0.3—1.0 mm), and olivine (8%,
0.3-1.5 mm). Olivine is completely altered to serpentine, chlorite, and
minor calcite. Plagioclase and augite are mainly fresh. The former
show dusty zones composed of minute glass and pyroxene inclusions.
Microphenocryst-sized (0.03-0.3 mm) plagioclase and olivine are
abundant, and Fe-Ti oxide minerals are less abundant. Plagioclase,
pyroxenes and subordinate opaque minerals are present in the inter-
granular groundmass.

Lithostratigraphic Unit V (830-1001 mbsf)

Basaltic sills are the main component of this unit, and at least seven
intrusive units are recognized. The boundaries of different intrusive
units were recognized by interbedded sedimentary rocks, chilled
margins and oxidized zones. K-Ar dating (Samples 134-833B-82R-4,
100-105 cm, and 134-833B-99R-5, 71-77 cm) yielded ages of 3.30
+0.30 Ma and 3.65 £ 0.18 Ma for two sills. Samples for petrographic
and geochemical study were taken from almost all the cores between
134-833B-81R and -99R, except -87R and -B9R. Among 31 samples
analyzed, 15 are basalts (51.6%-53.0% SiO,) and 16 are basaltic
andesites (53.0-57.4 wi% Si0,). Petrographic features do not change
much between different intrusive units. One significant petrographic
difference observed through the entire sill sequence is that the upper
sills are more porphyritic than those in the lower half of the sill
complex. This change is abrupt, and occurs between Samples 134-
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833B-90R-4, 116119 cm, and 134-833B-91R-2, 81-85 cm (Fig. 3).
Phenocryst assemblages are dominated by plagioclase + augite +
olivine; a few samples lack olivine.

The upper sill units are porphyritic plagioclase + augite + olivine-
phyric basalts to basaltic andesites in which the most abundant pheno-
crysts are plagioclase, followed by augite and olivine, and rare pheno-
crysts of Fe-Ti oxides. Plagioclase phenocrysts are euhedral to subhe-
dral, mostly 2-8 mm long, with weak zoning. Augite phenocrysts are
equant, granular subhedral, mostly 0.3-1.5 mm long. Olivine pheno-
crysts are 0.3—1 mm long, euhedral to subhedral, and usually altered
to greenish or brownish clay minerals, or calcite. There are also sparse
microphenocrysts of Fe-Ti oxide (1%—2%, 0.1-0.2 mm). The quenched
groundmass contains acicular plagioclase (~0.1 mm long) laths ran-
domly oriented in brown glass, and rare small granular augite crystals.
Groundmass Fe-Ti oxide minerals are rare, except in Sample 134-
833B-81R-3, 1-4 cm, in which both acicular and granular titanomag-
netite occur with acicular plagioclase and granular augite, The average
phenocryst abundance is 47% (n = 10), made up of 31% plagioclase,
10% augite, and 4.6% olivine. In contrast, these values change to 32%,
20%, 7%, and 3.4% (n = 11), respectively, for the lower sill units.

The lower sill units are also porphyritic augite + olivine-phyric
basalts to basaltic andesites with similar relative abundances of phe-
nocryst minerals, which show similar petrographic features to those
in the upper sills. Olivine phenocrysts are absent in some samples.
The groundmass is almost holocrystalline, with microphenocryst-
sized prismatic plagioclase, granular augite and opaque minerals,
altered olivine, and interstitial glassy mesostasis.

MINERALOGY

Extensive electron microprobe analyses were made for three vol-
canic clasts from Site 832 and two volcanic clasts and two sill samples
from Site 833. Representative analyses of each phase are listed in
Tables 14, and are shown in Figures 4 and 5.

Olivine

Compositions of olivine were determined for only two samples, a
basaltic clast from lithostratigraphic Unit IV of Hole 832B, and another
from lithostratigraphic Unit III of Hole 833B. Olivine phenocrysts in
Sample 134-832B-55R-4, 121-125 cm, are Fo;s 76, and groundmass
olivine is Foq;_s5. Olivine phenocryst cores have almost identical
Fe/Mg values to those of coexisting augite and orthopyroxene, indi-
cating an equilibrium relationship among these phases. Olivine phe-
nocrysts in Sample 134-833B-34R-2, 123-127 cm, are Foq 7, and
rims are Fog ;.- NiO contents of phenocrystic olivine (Fos) in the
former sample are 0.23%, and 0.10% for the latter sample.

Feldspars

Compositions of plagioclase phenocrysts were determined for all
seven samples, and show that rim and groundmass compositions are
more albitic. Alkali feldspar is only found as a groundmass phase in
sill sample 134-833B-99R-5, 71-77 cm. Analyzed plagioclase pheno-
cryst core compositions (Fig. 4) generally fall within a small compo-
sitional range (An;s—Ang,). Andesite clast 134-833B-36R-1, 96-99
cm, contains plagioclase phenocrysts that are more albitic than other
samples, and two compositional groups of plagioclase phenocrysts
(Ansg g, and Angs) are found. Two compositional groups also occur in
the upper part of sill Sample 134-833B-82R-4, 100-105 cm (Ang; o,
and Ans, ), in which the most albitic composition is similar to that of
plagioclase phenocrysts in the lower analyzed sill sample (134-833B-
99R-5, 71-77 cm, Ans;).

Clinopyroxene

Clinopyroxene compositions were determined for all seven sam-
ples (Fig. 5). Most phenocryst phases are augitic, except a few grains
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Figure 4. Plagioclase compositions of volcanic clasts and sills of the North Aoba Basin plotted in the

An-Ab-Or triangle.

that are diopsidic (Sample 134-832B-55R-4, 121-125 c¢m) or salitic
(Sample 134-833B-34R-2, 123-127 cm) fields. Rim compositions
are generally more Fe-rich and Ca-poor. Pigeonite and subcalcic
augite are present in the groundmass of sill sample, 134-833B-99R-5,
71-77 cm, and pigeonite occurs as phenocryst rims on augite in
volcanic clast, Sample 134-833B-36R-1, 96-99 cm. A relatively wide
range of phenocryst core compositions occurs in andesite clast,
Sample 134-832B-100R-3, 146—149 cm. However step scan profiles
of three large phenocrysts reveal no systematic zoning patterns,
except for a slight decrease of Wo at phenocryst rims,

Orthopyroxene

Orthopyroxene phenocryst compositions were determined in three
clasts (Fig. 5). In all cases, compositions are bronzitic (Ensg, Enqg, and
En;;), with little variation in core composition but slightly more
Fe-rich phenocryst rims and groundmass compositions.

Fe-Ti Oxides

Fe-Ti oxides compositions were determined for three samples, and
are mostly titanomagnetite, although there are rare grains of ilmenite
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Table 1. Representative microprobe analyses (weight %) and atomic proportions of plagioclases from North Aoba Basin lava clasts and sills.

Hole: 832B 832B 8328 8338 833B 833B
Core-section:  55R-4 57R-2 100R-3 34R-2 36R-1 82R-4
Interval (em):  121-125 127-130 146-149 123-127 96-99 100-105
Point: core rim  gmass  core rim core  rim core core  core rim core rim core gmass core  rim  core
5i0: 46.04 50.83 5250 48.14 5491 4594 65.75 4585 4979 4575 5030 4474 5308 4847 5735 5177 5275 4487
AlOs 3279 2995 2815 32.10 27.71 34.18 2057 3401 3100 3328 30.06 3419 2889 3204 2624 2943 2910 3412
Fe203 0.65 0.87 1.38 10 119 0.87 0.66 003 016 1.00 1.30 074 072 081 097 098 097 1.12
MgO 0.08 011 0.11 009 009 002 000 18.39 1555 012 014 005 0,10 0.08  0.04 0.10  0.13 0.06
Ca0D 19.02 1494 13.50 16.17 1140 1838 198 076 073 1955 1535 19.17 13.16 16.56 9.88 1425 1363 19.86
NazO 1.31 346 4.29 235 517 L300 751 1.33 274 086 3.22 0.85 4.38 234 624 386 4.06 0.87
K:0 0.01 0.14 0.29 009 040 006 396 002 009 0.00  0.04 002 012 0.01 032 041 039 0.04
Total 99.90 100.30 100.22 100.04 100.87 100.74 100.42 100.39 100,06 100.56 10041 9976 10045 10031 101.04 100.80 101.03 100.94
0=38
Si 2109 2295 2370 2213 2471 2109 2914 2114 2281 2086 2274 2.053 2378 2195 2536 2326 2358 2.043
Al 1.832  1.649 1.549 1.739 1470 1.849 1.074 1.848 1.674 1.850 1.657 1913 1578 1769 1414 1.612 1.586 1.894
Fe 0.023 0030 0.048 0038 0.040 0030 0.022 0.002 0011 0035 0.045 0026 0024 0028 0033 0034 0033 0.039
Mg 0.006 0007 0.008 0.006 0.006 0001 0000 0908 0763 0008 0009 0004 0006 0005 0003 0007 0009 0.004
Ca 0933 0722 0.652 0.796 0.550 0.904 0.094 0.029 0028 0954 0743 0941 0631 0802 0467 0.685 0.652 0968
Na 0.122 0315  0.391 0209 0451 0.116 0.645 0119 0243 0079 0294 0079 039 0214 0557 0351 0367 0.080
K 0.001 0008 0017 0.005 0.023 0.004 0224 0.001 0005 0000 0002 0001 0007 0000 0018 0023 0022 0.002
Total 5.026 5.026 5.035 5006 5011 5012 4973 5022 5006 5012 5024 5017 5020 5013 5028 5038 5.027 5.030
Ab 8841 6907 6154 2068 4405 11.29 67.02 11.58 2404 9231 7146 9215 61.02 7893 4481 6471 6265 9215
Or 007 076 1.58 053 225 034 2323 011 054 002 022 010 069 003 174 219 211 0.24
An 11.52 30.17 3688 7879 5370 8837 975 88.31 7543 7.67 2831 775 3829 2103 5345 3310 3524 7.61

Table 2. Representative electron microprobe analyses
(weight %) and atomic proportions of olivines from
North Aoba Basin lava clasts and sills.

Hole: 832B #33B
Core-section:  55R-4 3R-2
Interval (cm):  121-125 123-127
Point: relict gmass pmass  core rim
Si0, 3842 3766 3648 3890 37.72
TiO. 0.03 0.02 0.08 0.01 0.12
ALO, 000 000 004 000 00
MgO 3942 37.20 3299 3945 3351
CaO 0.16 0.24 0.30 0.21 0.27
MnO 0.53 0.43 0.79 0.00 0.46
FeO 2122 2272 2197 2193 2843
NiO 0.23 0.00  0.00 010 004
Total 100,01 9827 9865 100.60 100.56
0O=4
Si 0.991 0.996 0.989 0.997 1.000
Ti 0.001 0.000 0.002 0.000  0.002
Al 0,000 0.000 0.001 0.000  0.000
Mg 1.532 1.481  1.347 1.522 1.337
Ca 0.005 0.007 0.009 0.006  0.008
Mn 0.012 0010 0.018 0.000 0.011
Fe* 0463 0509 0642 0476 0.638
Ni 0.005  0.000 0.000 0.002  0.001
Total 3.009 3.003 3.008 3.003 2997
Fo 7633 7405 67.12 76.18  67.32
Fa 23,67 2595 32.88 23.82 3268

(Sample 134-832B-57R-2, 127-130 cm). All the analyzed samples
were relatively poor in {ilvospinel molecule. Phenocryst-sized grains
are more Mg-rich and poorer in Al and Ti than groundmass grains.

WHOLEROCK GEOCHEMISTRY
Introduction

Three aspects of the geochemistry of the drilled igneous rocks
require discussion. First, it is important to determine the rocks’ com-
positional variability and affinities. Second, the drilled rocks should be
compared with lavas and shallow intrusives on the islands surrounding
the NAB to test for possible correlations, and establish the time-space
relationships of magmatism in the central portion of the New Hebrides
Island Arc. Third, it will be useful to establish the physico-chemical
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aspects of magma generation and the variation of source mantle
compositions. Here we address only the first and second of the above
aspects of geochemistry of the igneous rocks drilled at Sites 832 and
833. The isotopic compositions of igneous rocks recovered from the
NAB during Leg 134 drilling are detailed and discussed in Briqueu
et al. (this volume).

Major and trace element analyses of samples from Sites 832 and
833 are listed in Table 5, and REE data are given in Table 6. Harker
diagrams for major and trace elements are shown in Figure 6.

Compositional Variability and Affinities
Site 832B

Clasts are dominantly basaltic, a feature of the New Hebrides
Island Arc as a whole, but andesites are also present, particularly in
the basal Unit VII. Macfarlane et al. (1988) compiled approximately
400 wholerock analyses of lavas from the New Hebrides Island Arc
and pointed out the difficulty in classifying these arc lava suites,
particularly with respect to tholeiitic vs. calc-alkaline, and alkaline
vs. subalkaline classification. In Miyashiro’s (1974) FeO"/MgO vs.
Si0; plot to discriminate tholeiitic from calc-alkaline lavas (Fig. 7A),
most Hole 832B clasts plot in the tholeiitic field, or close to the
tholeiite—calc-alkaline divide. Only lithostratigraphic Unit VII is
clearly calc-alkaline. However, tholeiitic fractionation trends typi-
cally show significant Fe-enrichment, whereas the Units II, IIL, IV,
and VI clasts from this hole show decreasing FeO” (and TiO, and V)
with advancing fractionation. Therefore, for classification we rely
mainly on a SiO,—K,O plot (Fig. 7B).

There are systematic compositional differences of volcanic clasts
recovered from different lithostratigraphic units. Despite slight vari-
ations in phenocryst assemblages, samples from the upper Pliocene
to lower Pleistocene epiclastic units (lithostratigraphic Units II, 111,
IV, and VI) are all low Al,O, (1%-16%) medium- to high-K basalts
with FeOQ'/MgO values mainly from 1-2.

In contrast, volcanic clasts from the late Miocene epiclastic lava
breccias (lithostratigraphic Unit VII) are mostly low- to medium-K
calc-alkaline andesites, as shown in Fig. 7B, but this suite also
includes Sample 134-832B-94R-2, 23-26 cm, a low-K picritic basalt
with 13% MgO. Note that these andesites are petrographically char-
acterized by the presence of orthopyroxene phenocrysts. At any SiO,



Table 1 (continued).

Hole: 833B 833B

Core-section:  B2R-4 99R-5

Interval (cm):  100-105 71-77

Point: gmass Ccore M  gmass gmass gmass
Si0z 53.36 53.67 5877 6573 61.86 56.24
AlOy 2823 27.74 3525 1859 23.06 26.32
Fea0s 1.33 118 078 045 044 077
MpO 002 009 002 001 002 003
CaO 13.04 1246 837 062 535 1070
NaO 449 459 649 523 771 569
K0 0.50 059 094 912 190 074
Total 101.07 100.32 100.62 99.75 100.34 100.49
Si 2,387 2413 2.601 2958 2732 2.511
Al 1.540 1.521 1.362 1.020 1.242 1433
Fe 0.045 0041 0026 0016 0015 0.026
Mg 0,008 0.006 0001 0001 0001 0002
Ca 0.624 0.600 0397 0030 0253 0.511
Na 0.405 0417 0.580 0475 0.688 0.513
K 0.029 0034 0.053 0523 0107 0.042
Total 5.038 5032 5020 5023 5038 5038
Ab 5898 57.08 3850 293 24.12 4796
Or 269 320 513 5086 1020 3.93

An 3832 39.71 5636 46.21 65.67 48.12

level, these calc-alkaline lavas are distinctively poorer in K,O (and
Rb, Sr, and Ba) than the volcanic clasts from the upper lithostrati-
graphic units, are significantly richer in MgO, Cr, and Ni, and have
similar Zr and Y contents.

The elongate field defined by basalts (<51% SiO, and >6% MgO)
from lithostratigraphic Units II, III, IV, and VI on the plots of SiO,
vs. TiO,, K,0, P,Os, FeO', Ce, Y, and Zr, are all at high angles to
typical crystal fractionation trends, decreasing with increasing SiO,,
rather than increasing with fractionation as expected. This spread of
compositions may reflect a spread in the primary magma composi-
tions of these lavas, with relatively higher pressure, lower degrees of
partial melting magmas having lower-Si0,, higher FeO", higher K,0,
and higher high-field-strength elements (HFSE), compared to lower
pressure, higher-degree melts. This point is taken up further on.

Site 833

Unlike Hole 832B, Hole 833B lacks any Miocene rocks. Volcanic
clasts come only from lithostratigraphic Unit III in the Pliocene

MAGMATIC EVOLUTION OF THE NORTH AOBA INTRA-ARC BASIN

section, and include ankaramite, olivine + augite-phyric basalt, and
one hornblende andesite. All are low-K compositions, contrasting
with the medium- to high-K basalts and andesites in Hole 832B,
including volcanic clasts from the broadly age-correlated lithostrati-
graphic Unit IV Hole 832B. At a given SiO; content, these 833B
samples have significantly lower K,O, total alkalies, P,Os, TiO,, Rb,
Sr, and Ba contents than lava clasts from Site 832B.

Lithostratigraphic Unit V sill basalts and andesites are clearly sepa-
rated on the Harker diagrams from the volcanic clasts in both holes, and
define a coherent fractionation trend (Fig. 6). The upper sill samples have
Si0O, contents from 51.8% to 54.0%, whereas the lower sills can be
divided into two compositional groups (see Fig. 3B). From Cores
134-833B-91R-1 to 93R-1, basalts with SiO, contents between 51.6%
and 52.9% form the SiO,-poor end of the variation trend, and pass
downward from Core 134-833B-94R-2 to -99R-6 into andesites with
Si0, contents between 54.6% and 58.6%. All sill samples are charac-
teristically high in K,0, and fall mostly in the high-K basalt-andesite
field, although a few plot in the shoshonite field. They contain higher
P,0s, TiO,, and total Fe than any volcanic clasts at similar SiO,
contents. Compositional trends for the sill samples, with a notable
deflection around 54% SiO, to lower Al,O5 and CaO contents, suggest
an earlier olivine(+pyroxene?)-controlled fractionation followed by a
later plagioclase-dominated fractionation trend.

Trace Elements Compositions

Hole 832B

In Figure 8, rare earth element (REE) patterns and Pearce-type
mid-ocean ridge basalt (MORB)-normalized trace element patterns are
given for representative samples from lithostratigraphic Unit VII in
Hole 832B. These late Miocene calc-alkaline clasts have REE patterns
(Fig. 8A) with flatter heavy rare earth element (HREE) and steeper La
to Nd intervals than clasts from other lithostratigraphic units in either
hole. They also have distinctive patterns on the element variation
diagrams in Figure 8B, showing convex curves increasing uniformly
from Srto Th, and higher normalized Ce/P and Zr/Sm values than rocks
from any other units, including the sills in Hole 833B.

For Hole 832B lithostratigraphic Units I1, 11, IV, and VI, REE data
are only available for clasts from Units IV and VI. Although not
comagmatic, basaltic clasts with close to 9% MgO from each hole have
similar slightly light rare earth element (LREE)-enriched ([La/Sm]y
from 1.2-1.9) patterns (Fig. 9A) with sloping HREE patterns.

96-99¢
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Figure 5. Olivine and pyroxene compositions of volcanic clasts and sill of the North Aoba Basin plotted in the
pyroxene quadrilateral. Olivine compositions shown along the Fe-Mg join.
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Table 3. Representative microprobe analyses (weight %) and atomic proportions of pyroxenes from North Aoba Basin lava clasts and sills.

Clinopyroxene

Hole: 832B 832B 8328 833B
Core-section: 55R-4 57R-2 100R-3 34R-23
Interval (cm): 121-125 127-130 146-149 123-127
Point: with Opx core rim amass core core rim gmass core core rim gmass core
5i0; 50.41 50.97 51.29 52.16 5292 51.15 51.19 50.68 52.68 5175 51.52 5171 50.75
TiO, 0.59 0.57 0.46 0.44 0.19 0.44 0.61 0.64 0.32 0.35 0.39 0.41 031
AlLO; 3.58 2.54 1.77 1.98 1.79 322 231 293 254 3.09 3.29 .01 3.65
Cry04 0.02 0.00 0.06 0.00 0.27 0.10 0.00 0.00 0.30 0.73 0.27 0.44 0.16
Fe 0, 3.97 4.04 .84 2.95 224 2.68 .09 3.60 0.09 0.98 0.87 1.27 4.57
MgO 14.68 15.09 16.17 16.91 16.64 14.97 14.87 14.89 17.29 1648 16.31 16.90 15.59
CaO 22.18 22.49 20.68 18.90 24.03 21.69 19.09 18.64 19.31 20.88 20.09 20.12 24.29
MnO 0.24 0.32 0.42 0.44 0.12 0.21 0.46 0.33 0.26 0.22 0.19 0.16 0.11
FeO 4.38 4.05 4.73 6.83 2.15 532 8.80 9.00 6.57 5.07 6.15 5.27 1.39
Na,O 0.34 0.30 0.28 0.25 0.16 0.34 0.33 0.31 0.19 0.17 0.18 0.19 0.12
Total 100.39 100.37 99.70 100.86 100.51 100,12 100.75 101.02 99.56 99.71 99.26 99.49 100.94
0=6
Si 1.856 1.878 1.899 1.907 1.923 1.885 1.895 1.872 1.937 1.905 1.908 1.906 1.846
Ti 0.017 0.016 0.013 0.012 0.005 0.012 0.017 0.018 0.009 0.010 0.011 0.012 0.009
Al 0.161 0.114 0.080 0.088 0.080 0.145 0.104 0.132 0.110 0.134 0.144 0.131 0.162
Cr 0.001 0.000 0.002 0.000 0.008 0.003 0.000 0.000 0.009 0.021 0.008 0.013 0.005
Fe* 0.111 0.113 0.108 0.082 0.062 0.075 0.087 0.101 0.002 0.027 0.024 0.035 0.127
Mg 0.814 0.837 0.901 0.931 0.910 0.830 0.829 0.828 0.948 0.904 0.900 0.929 0.854
Ca 0.874 0.887 0.819 0.740 0.934 0.855 0.757 0.737 0.761 0.824 0.797 0.795 0.946
Mn 0.008 0.010 0.013 0.014 0.004 0.007 0.015 0.011 0.008 0.007 0.006 0.005 0.003
Fe* 0.136 0.126 0.148 0.212 0.066 0.166 0.276 0.282 0.202 0.156 0.190 0.163 0.043
Na 0.026 0.022 0.021 0.018 0.012 0.025 0.025 0.023 0.014 0.012 0.013 0.013 0.009
Total 4.004 4.003 4.004 4.004 4,004 4,003 4.005 4.004 4.000 4.000 4.000 4.000 4.004
Wo 44.99 44,93 41.16 37.39 47.27 44.24 38.54 37.62 39.60 42.95 41.55 41.25 47.95
En 41.87 42.41 45.27 47.06 46.05 4293 4222 42,28 49.32 47.14 46.94 48.21 43.29
Fs 13.15 12.66 13.56 15.54 6.68 12.83 19.24 20.09 11.08 9.90 11.51 10.53 8.76
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Figure 6. Harker diagrams for volcanic clasts and sill of the North Aoba Basin. Hole 832B.
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Table 3 (continued).
Hole: 833B 8338 833B 833B
Core-section;  34R-23 6R-18 2R-49 9R-5
Interval (em): 123127 9699 100-105 71-77
Point: gmass core outrind  gmass core rim gmass core rim mphen mphen
Si0, 4807 5177 5243 5102 5151 4533 4482 4985 5058 5115 5138
TiO, 1.55 0.4 0.35 0.64 0.58 1.95 2.19 0.86 0.53 0.48 0.34
AlLO, 4.57 2.17 0.86 1.9 2.29 6.64 6.62 2.52 1.49 1.56 0.89
Cn0; 0.00 0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.03 0.06
Fe,0; 5.38 3.27 0.00 2.66 1.67 5.99 4.43 4.46 3.03 1.03 0.00
M 13.56 1549 17.96 14.06 1445 1135 9.93 13.23 1240 1494  16.49
Ca0 1998  21.25 6.89 18.55 2044 1986  16.76 20.85 18.21 10.86 4.82
MnO 0.35 0.20 1.08 0.59 0.32 0.46 0.60 0.60 0.79 0.90 1.18
FeO 7.03 561 1936 10.38 851 7.97 13.74 8.26 1359 1924 2422
Na,0 037 0.28 0.11 0.35 0.29 0.40 0.44 0.26 0.24 0.19 0.07
Total 100.86 10045 9904  100.16 10006 9997 9953  100.89  100.86 10038  99.45
si 1787 1904 1981 1911 1915 1716 1728 1.861 1912 1937 1969
Ti 0.044 0011 0010 0018 0017 0056  0.065 0024 0015 0014 0010
Al 0.207 0098 0040 0087 0104 0306 0311 0115 0069 0072 0042
Cr 0.000  0.000  0.000 0000 0000 0001  0.000 0000 0000 0001 0002
Fe'* 0.152  0.092 0000 0076  0.047 0173  0.130 0127 0087 0030  0.000
Mg 0759 0857  1.021 0793 0809 0.647  0.576 0744 0706  0.852 0951
Ca 0795  0.837 0278 0744 0813 0804  0.691 0833 0736 0440  0.198
Mn 0011 0006 0035 0019 0010 0015 0020 0019 0026 0029 0039
Fe?* 0.221 0.175 0619 0329 0268 0255  0.448 0261 0435 0617 078
Na 0028 0021 0008 0026 0022 0031  0.034 0020 0019 0015 0005
Total 4004 4001 3992 4003 4005 4004  4.003 4004 4005 4007  4.002
Wo 41.01 4254 1425 3793 4177 4247 3705 4200 3701 2236 10.02
En 39.14  43.60 5227 4043 4153 3415 3088 3748 3546 4329 4820
Fs 19.85 1386 3348 21.64 1670 2337 32.08 2052 2753 3434 4178
il - R R PR Table 4. Representative microprobe analyses (weight %) and atomic propor-
E - . x 3 tions of Fe-Ti oxides from North Aoba Basin lava clasts and sills.
&100 = t x X —
= = T L % A % E Hole: 8328 833B 833B
- ? = 3] Core-section: 57R-2 36R-1 99R-5
= B 8B 7 Interval (cm):  127-130 96-99 71-77
0 E > o . E Point: core core core  gmass  cofe  gmass  Ccore
- o E
i I M . Si0, 0.11 0.1 009 011 000 000 000
1 e e TiO, 7.23 10.49 734 1162 1068 1741  6.12
i I T IR T ALO; 4.58 2.65 320 147 397 092 554
@ 1 Cr0;4 0.27 0.26 011 000 000 000 000
o o o < Fe,0, 5173 4692 SLT2 4474 4470 3366 5227
8 o0 4 F 3560 3954 3401 3968 3805 4538 3125
40 L g _ MnO 0.45 0.48 052 060 030 060 024
: MgO 2.09 1.22 232 103 208 060 389
ol woa x W% Ca0 001 002 012 016 000 000 000
i "= « % . NiO 0.00 000 006 000 006 005  0.00
< . R Total 102.16 10169  99.59 9941  99.84 9862  99.32
(1] 1 L I 1 K I 1 | 1 1 1 1 A uza Unitll _
[ T .r | L AL I -1 0=4
12001 4| 4 82BUnitin Si 0.004 0004 0003 0004 0000 0000 0.000
1000 | ] Ti 0.196 0289 0204 0329 0205 0498  0.167
5500 4| = SseAunk Al 0194 0114 0140 0065 0112 0041 0237
- : Cr 0.008 0,008  0.003 0000 0000 0000 0
600 - 2o %0 @ ] [ & SRR Fe'* 1400 1293 1442 1268 1237 0963 1429
a00 [ 5§ x A o 1| x 8328 unvi Fe™* 1.073 1211 1057 1250  LI70 1443 0949
- N w ] Mn 0.014 0015 0016 0019 0009 0019 0007
200/~ x %X 11 o @338 unitm Mg 0112 0067 0128 0058 0114 003 0211
0 P (S T N N S S T Ca 0,000 0.001 0,005 0.007 0.000 0000 0000
50 T T 1 rrr ooy ¢ B833B Unit Vv Ni 0.000 0.000 0002 0000 0002 0002 0000
o Total 3,000 3000 3000 3000 3000 3.000 3.000
40 | g
> = oo o © Mol.%Usp 20.0 29.3 208 333 295 498 167
30 | » @ i :
] " o
20 | ': X Mo X 4 An interesting feature of clast compositions from Units II, III, IV,
b 47x and VI in Hole 832B is the apparent presence of two subtly different
10 PR TR N VRN VAN WO T N T N T 3 ny H Tt a] dff be'
300 — e = chemical groups, the only significant compositional difference being
- L : 5 their K/Rb values. Despite almost identical REE patterns (Fig. 9A),
266 N i these two compositional groups have clearly different element pat-
& i . iy terns for the Sr through Th section of the variation diagrams shown
180;; - a o - in Figures 9B and C. Group 1 includes basalts and andesites, and
100 | LN X g, X J shows broad convex-upward patterns with normalized Rb values
50 | i ®, X X X | always higher than those for K; K/Rb values are from 490-570. In
o NI S I, contrast, Group 2 basalts and andesites show flatter patterns from Sr
45 50 sio 60 through Rb and have normalized Rb values that are level with or
¥ (wt.%) below those for K; K/Rb values vary from 650-760.
Figure 6 (continued).
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Table 5. Major and trace element compositions of voleanic clast and sill samples recovered from North Aoba Basin. Shipboard analyses are from Collot, Greene,
Stokking, et al. (1992).

Hole: 832B 832B 832B  832B 832B 832B 832B 8328 832B 832B 832B 832B 832B 832B 8328 832B
Lithostratigraphic unit: 1 il m 11 v v v v v v v v VI Vi VIl Vil
Core-section: 28R-1 3IR-1  4IR-1  43R-3 51R-3 51R-5  54R-I 55R-4  56R-2  57TR-2 57R-2 57TR-4  THR-1 T78R-1 88R-1  9IR-CC
Interval {cm): 97-99  129-132 17-21 19-21 24 811 119-122 128-131 4648 62-64 115-118 129-132 (-3 8-10 90-95

Depth (mbsf): 405.87 43449 52937 551.69 628.68 631.67 655.89 67018 67496 68476 68529 68829 88500 885.08  982.00 1019.10
Lab: Ferrara Tohoku  Ship Tohoku  Tohoku Tohoku Tohoku Tohoku Tohoku Tohoku Tohoku Tohoku Tohoku Tohoku Tohoku  Tohoku
510, 54.89 49.02 4845 5441 48.86 47.55 48.37 49,03 48.29 49.17 49.93 48.16 50.11  54.65 56.00 54.61
TiO, 0.77 1.27 1.46 0.76 1.67 1.59 1.12 0.92 1.22 0.89 0.81 1.54 076 0.69 0.61 0.77
AlLO, 16.09 14.51 14,52 17.55 15.16 1493 14.52 17.34 14.06 15.84 15.19 15.55 13,42 1742 1495 14,85
Fe, 0y 1.35 1.65 1.54 1.17 1.52 1.63 1.62 1.49 1.57 1.65 1.58 1.71 1.52 1.07 1.16 1.19
FeO 8.07 9.88 9.23 7.02 9.09 9.76 9.74 8.94 9.44 9.88 9.48 10.26 9.15 6.40 6.93 T.14
MnO 0.15 0.21 0.19 0.16 0.18 0.20 0.20 0.19 0.21 0.21 0.17 0.19 0.19 0.16 0.16 0.16
MpO 8.59 7.51 1.51 4.42 6.05 8.12 7.83 6.15 8.83 6,64 6,88 6.03 897 497 7.63 B.02
CaO 6.31 12.32 13.78 9.07 13.18 12.50 13.35 12,13 12.49 11.60 11.86 11.69 12.06 9.37 9.15 9.64
Na,0 2 2.64 2.23 3.60 2.81 274 239 294 249 3.0 291 3.04 261 3.56 2.64 292
K,O 0.81 0.76 0.81 1.60 1.17 0.73 0.63 0.64 1.16 0.92 1.01 1.52 1.01 1.48 0.67 0.61
PO, 0.24 0.24 0.29 0.25 0.30 0.26 0.22 023 0.21 0.18 0.19 0.32 0.19 0.23 0.09 0.10
FeO* 9.28 11.36 10.62 8.08 10.46 11.22 11.20 10.28 10186 11.37 10.90 11.80 10.52 7.36 197 821
Ni 70 61 55 16 29 57 48 37 60 32 40 48 T 20 100 131

Cr 357 219 181 29 129 188 195 80 213 63 104 i) 136 T2 463 517

v 295 ile 349 2N 369 346 351 358 324 378 302 353 319 262 239 230

Vs — 95 148 97 111 110 79 78 79 65 63 110 64 93 79 83

Ce 29 24 29 29 30 25 22 24 25 20 17 36 18 31 17 14

Nb — 6 9 3 9 1 4 2 5 I 2 8 2 3 6 -]

Y 17 27 26 21 32 0 24 22 25 20 18 38 17 21 17 21
Th 4 2 — 3 2 3 2 3 1 2 2 3 I 3 2 1

Sr 457 572 457 654 1314 440 447 688 516 657 557 553 603 640 244 191

Rb 10 6 8 28 13 8 8 4 17 6 13 31 17 25 14 13
Ba 206 148 209 327 193 147 185 291 217 250 260 193 202 335 174 146

Pb - 3 — 4 3 4 4 5 4 ] 4 4 5 5 3 3
Cu —_ 118 94 87 161 145 153 132 74 44 61 78 151 125 86 88
Zn 74 89 84 64 79 95 88 85 82 86 74 118 83 59 71 T4

Ga — 18 _ 19 18 20 19 20 18 19 20 20 17 20 16 17
Table 5 (continued).

Hole: 832B 832B 832B 832B 832B 832B 833B 833B 833B 833B 8338  833B 833B 833B 833B 833B
Lithostratigraphic unit: Vil VII VII VIl VIl Vi 11 11 1 111 v v v v v Ay
Core-section: 94R-1  94R-2  99R-3 100R-3  100R-4 34R-CC 35R-33  6R-1 37R-1 8IR-2  84R-1 9IR-2 93R-1 94R-2 93R-3 98R-1
Interval (cm): 34-37 23-26  53-57 143-146 37 1-4  135-137 94-96 7-9 93-96 48-51 8185 53-56 92-94 4649 114-118
Depth (mbsf): 1039.34 1040.70 109083 110143 1101.54 40421 40925 41544 42427 83043 B851.68 91651 93413 94572 966.06 983.04
Lab: Tohoku Tohoku Tohoku Tohoku Tohoku Ferrara Tohoku Tohoku Tohoku Tohoku Tohoku Tohoku Tohoku Tohoku Tohoku Tohoku
5i0, 55.50 51.85 5248 54,40 5713 49.27 50.52 56.13 50.51 5257 51.80 5166 51.87 54.84 56.30 58.58
Tio, 0.64 0.51 0.81 0.61 0.73 1.01 0.63 0.78 0.58 115 1,18 115 1.17 1.06 1.06 1.05
AlLO, 15.10 12.66 18.04 1434 16.83 17.65 14.53 17.44 13,72 17.16 17.07  16.11 16.79 16.11 15.73 15.29
Fe,0, 1.20 1.24 1.15 .16 1.07 1.46 1.31 1.20 1.34 1.54 1.56 1.65 1.56 1.45 1.36 1.28
FeO 7.22 7.41 693 6.99 6.45 8.77 7.84 7.19 8.04 9.25 9.38 9.93 9.36 8.73 8.19 1.67
MnC 0.16 0.25 016 0.20 0.15 019 0.20 0.19 0.18 0.22 0.23 0.21 0.19 023 0.19 0.19
MgO 7.78 13.01 595 9.85 5.15 6.63 9.58 4.05 10.38 331 364 4.30 378 318 2.84 2.34
CaO 8.72 11.00 9.86 9.63 8.11 11.86 13.30 8.20 12.84 8.81 9.02 8.58 8.58 7.03 6.24 4.33
N:l%}O 2.85 1.85 341 2.20 3.25 2.69 1.89 4.02 2.0 394 375 375 391 4,16 4.24 4.36

K, 0.73 0.13 0.86 0.45 0.99 0.31 0.11 0.65 0.20 157 1.88 215 227 2.62 323 4.16
P,0* 011 0.10 0.35 015 0.13 0.14 0.09 0.16 0.11 0.46 0.48 0.50 0.52 0.60 0.61 0.76
FeO* 8.30 8.52 7.96 8.03 741 10.09 9.02 8.26 9.25 10.64 10.79  11.42 10.77 10.03 9.41 8.82
Ni 116 402 48 227 48 51 123 11 166 7 6 11 11 2 4 BDL

Cr 295 8§52 119 487 117 120 371 30 552 9 8 9 11 1 1 BDL

v 239 212 310 206 233 352 300 230 288 291 307 362 408 276 232 157

Zr 83 57 107 63 102 73 50 85 45 152 156 136 143 201 215 254

Ce 20 5 28 15 25 9 5 16 4 48 49 44 48 62 69 77

Nb 6 3 8 5 ' 5 3 3 1 7 8 5 6 7 8 9

Y 18 14 22 — 21 23 17 26 16 37 37 32 3l 36 38 45

Th 2 2 3 2 3 1 1 1 1 3 4 3 3 4 4 5

Sr 236 182 451 221 264 330 248 364 247 626 646 694 715 635 547 426

Rb 17 1 12 10 22 1 1 9 0 26 18 30 37 29 55 77

Ba 198 47 207 164 260 130 69 280 138 212 217 236 233 283 293 343

Pb 4 4 4 — 3 4 Fj 3 2 9 8 8 9 11 7 7

Cu 108 87 98 — 114 162 94 120 92 348 374 279 314 318 307 161

Zn 70 65 69 79 66 79 74 79 66 111 110 92 113 116 90 90

Ga 16 14 15 _ 17 19 15 19 15 22 21 21 22 21 21 19

This unusual coexistence of two strikingly similar compositional Hole 833B

groups of lavas wherein the only differences lie in their respective K

and Rb contents might suggest that this feature is alteration-related,
since both K and Rb are readily mobilized during low-temperature
alteration and burial metamorphism. However, as emphasized further
on, the existence of these same two compositional groups is recorded
among very fresh, modern lavas from islands in the central part of the
New Hebrides Island Arc, probably precluding an alteration origin
for the differences in K and Rb contents between these two groups.
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Igneous rocks in this hole include volcanic clasts in lithostrati-
graphic Unit 111, and the evolved basaltic to andesitic sill complex in
Unit V. Basaltic clasts in Unit III fall at the low-TiO,, low-FeO" end
of the spectrum of basalt compositions from Hole 832B (Fig. 6).
However Unit III basalts have lower K,O, P,Os, Rb, Ba, and Ce
contents than any Hole 832B basalts from Units II to VI and have
almost flat REE patterns (Fig. 10A) and element variation patterns
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Table 6. Rare earth element compositions of volcanic clast and sill samples recovered from North Aoba Basin Holes 832B

and 833B.
Hole: B32B  B32B 832B 832B 832B 833B 833B 833B B833B 8338 833B 833B 833B  833B
Core-section:  51R-3 56R-2  78R-1 94R-1 100R-4 36R-1 37R-1 8IR-2 8IR-3 B82R-2 9IR-2 94R-2 96R-3 98R-I
Interval (cm): 24 4648 03 34-37 37 %49 79 9396 14 35-37 B1-85 92-94 46-49 114-118
Depth (mbsf): 628.68 674.96 885.00 103934 1101.54 41544 42427 83043 83090 B35.85 91651 94572 966.06 983.04
Y 26.9 222 14.8 14.9 17.5 227 14.3 L0 31.7 27.7 26.1 303 283 37.0
La 11.7 8.2 9.1 8.0 9.9 4.4 3.5 19.2 19.7 17.6 19.8 254 240 327
Ce 26.0 20,0 215 15.4 18.6 125 7.3 425 44.0 39.8 425 554 537 723
Nd 179 13.0 13.1 7.4 9.3 8.2 44 258 26.7 23.0 264 337 319 44.3
Sm 549 427 3.94 2.39 2.84 310 206 730 7.50 6.48 7.21 8.80 851 1130
Eu 1.60 .18 1.06 0.67 0.82 095 0.59 1.79 1.83 1.57 1.82 1.98 1.92 2.37
Gd 504  4.06 316 2.50 2.94 356 219 622 6.66 5.84 5.31 706 691 8.24
Dy 5.16  4.03 286 2.53 3.08 4.01 2.45 5.70 5.96 5.31 4.83 5.7 5.69 6.90
Er 302 250 1.65 1.58 190 259 147 3.60 3.61 317 292 348 338 4.12
Yb 2.71 2.27 1.52 1.56 1.88 2.63 1.49 3.24 3.37 2.96 270 3.21 311 3.86
Lu 0.39 0.35 0.25 0.25 0.29 0.41 0.23 0.62 0.53 0.43 0.40 037 047 0.54
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Figure 7. Top: 8i0, vs. FeO"/MgO for Holes 832B and 833B igneous rocks, % i
showing the tholeiite—calc-alkaline divide suggested by Miyashiro (1974). g 14
Symbols as for Figure 6. Bottom: §i0,~K,0 diagram showing classification -
divisions according to Gill (1981). Symbols as for Figure 6. 1
0.1 1 T T T T T T T T T +| |Y vl b
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(Fig. 10B), quite unlike the LREE-enriched patterns of clasts from all
units in Hole 832B. = _l
As discussed above, major element considerations suggest that the """ §32B Unit VI Basalt ~ 885.0 mbst
sill complex includes an essentially comagmatic suite of evolved | —2 Unit VIl Andesite 1039.3 mbsf
—0

high-K to shoshonitic basalts and andesites with higher FeO" and lower
MgO contents at any SiO, level than the andesitic rocks in Units II
through VIin Hole 832B and also the andesite in Unit Il in Hole 833B,
Sill HFSE contents are significantly higher than those for any drilled
lava clasts at any given SiO, content (Fig. 6). The comagmatic nature
of the sill complex is supported by the parallel REE patterns (Fig. 10A)
and element variation patterns (Fig. 10B) of the analyzed basalts and
andesites, and the fact that the most fractionated andesitic sample has
a distinct negative Eu anomaly, reflecting significant prior plagioclase
crystallization, Sill REE patterns are strongly LREE-enriched, with
sloping HREE, and although quite paralle| patterns are shown by some
of the Hole 832B clasts (e.g.. from Unit VI; see Fig. 8A), other major
and trace element considerations firmly preclude any petrogenetic
relationships between these clasts and the sill magmas.

Unit VIl Andesite 1101.5 mbsf
—a— 833B Andesite Sill 966.1 mbsf

Figure 8. Chondrite-normalized REE patterns and NMORB-normalized ele-
ment variation patterns for calc-alkaline medium- to low-K voleanic clasts
from Hole 832B lithostratigraphic Unit VII. Shown for comparison are typical
REE patterns for a Hole 833B basaltic sill, and a basaltic clast in Late Miocene
Unit VI from Hole 832B. Normalizing values for REE from Nakamura (1974)
and for NMORB-normalized element variation diagrams from Pearce (1983).

Summary of Compositional-stratigraphic Relationships

We can distinguish on the basis of compositional characteristics
four major magma suites in Holes 832B and 833B:
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A (Group 1)
---*-- 8328 Unit VI Basalt 675.0 mbsf
—=— B832B Unit IV Basalt 885.0 mbsf

1003 - (Group 2)
R —=— 832B Unit IV Basalt 628.7 mbsf
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Figure 9. A. Chondrite-normalized REE patterns for medium- to high-K volcanic
clasts from Hole 832B lithostratigraphic Units VI and IV, showing the virtually
identical patterns for basalts with around 7% MgO from compositional subgroups
identified. B. NMORB-normalized element variation patterns for medium- to high-K
volcanic clasts from Hole 832B lithostratigraphic Units ITT, TV, and V1, compositional
Group 1, showing the relative K-Rb enrichment that characterizes this group. C.
NMORB-normalized element variation patterns for Group 2 medium- to high-K
volcanic clasts from Hole 832B lithostratigraphic Units II, I11, IV, and VI, showing
the relative K-Rb depletion that characterizes this group relative to Group 1.

1. Clearly the oldest suite is represented by the low- to medium-K
calc-alkaline basaltic to andesitic clasts in lithostratigraphic Unit VII
in Hole 832B. One clast from this suite yielded a K-Ar date of 5.66 Ma
(Rex, this volume), although the biostratigraphic age is at least earliest
middle Miocene in the upper part of the unit (Perembo, this volume),
implying that the K-Ar age may be too young due to incipient alteration
and Ar loss.

2. The most abundantly represented suite includes basaltic and
andesitic clasts in lithostratigraphic Units VI, IV, III, and II in Hole
832B. At 6%—8% MgO, this suite shows a strong inverse correlation
of HFSE and large ion lithophile element (LILE) contents with SiO,
contents, suggesting that it includes fractionation products of a series
of parental magmas produced, as we hypothesize, by varying degrees
of partial melting (possibly corresponding to varying pressures of
melting) of an essentially similar source. Two subtly different com-
positional groups exist, differing only in their K/Rb values. Units II,
III, and IV are Late Pliocene—Pleistocene in age, whereas Unit V1 is
late Miocene.

3. Late Pliocene lithostratigraphic Unit Il in Hole 833B contains
lava clasts belonging to a low-K basaltic to andesitic suite that has
virtually flat REE patterns.
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4. The sill complex in Hole 833B contains high-K to shoshonitic
basalts and andesites that are strongly enriched in HFSE and LILE
relative to the other suites. Two samples have been K-Ar dated at 3.65
and 3.30 Ma.

Correlation with Lava Suites from Islands
around the North Aoba Basin

Surrounding the NAB are the Western Belt island of Santo, the
Eastern Beltisland of Maewo, and the Central Chain active volcanoes
of Aoba to the south, Merelava to the northeast, and Santa Maria to
the north. In this section, we attempt to correlate the drilled lavas and
sills with lava suites from these adjacent islands.

Least well known of the lava suites from these islands are those from
the Western Belt; little trace element data are available, but it is well-es-
tablished that calc-alkaline lavas and dioritic intrusives, often hornblende-
bearing, are common on both Espiritu Santo and the Torres islands of the
Western Belt (Macfarlane et al., 1988). Western Belt magmatism, the
oldest recorded in the New Hebrides Island Arc, extended from Late
Oligocene (~25 Ma) to mid middle Miocene (14 Ma). Although no useful
comparative data are available, the calc-alkaline nature and minimum
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1 11 Illllll

832B Unit |l Basalt 434.5 mbsf
Unit Il Basalt 529.4 mbsf
Unit IV Basalt 628.7 mbsf
Unit IV Basalt 631.7 mbsf
Unit IV Basalt 655.9 mbsf
Unit IV Basalt 685.3 mbsf
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Figure 9 (continued).

middle Miocene age of the Unit VII clasts in Hole 832B all suggest
that these were derived from Espiritu Santo Island.

The Eastern Belt islands of Maewo and Pentecost contain exten-
sive late Miocene basaltic and andesitic lavas that erupted mainly
between 7 and 4 Ma.

Carney (1986) analyzed 17 samples from the Maewo Group and most
are medium- and high-K porphyritic basalts and basaltic andesites. No
REE data are currently available for these rocks. The Pentecost Group
on Pentecost Island, of similar age, is also dominated by basalts and
andesites. Largely unpublished data (Johnson et al., 1988; Gorton,
1974) indicate that these lavas are mainly medium-K compositions
with typically rather flat REE patterns. Neither of these groups is con-
vincingly similar compositionally to the low-K lava clasts from Hole
833B lithostratigraphic Unit II1.

Hole 833B lithostratigraphic Unit III lava clasts are, however,
strikingly similar petrographically and compositionally to lavas from
Merelava volcano, some 75 km north-northeast of Hole 833B. Merelava
is a young stratovolcano astride the western rim of the juvenile Northern
(Jean Charcot) Trough that is currently splitting the backarc side of the
northern section of the New Hebrides Island Arc (Charvis and Pelletier,
1989). Merelava is dominated by low-K basalts (Barsdell, 1988), with
very low HFSE contents (only 40 ppm Zr at 5% MgO) and flat REE
patterns (Figs. 11A and B). The XRF-measured Th and Nb abundances
in Unit IIT are close to the detection limit for this technique, and actual
values are probably lower than the measured values, enhancing the
similarity of the Unit III and evolved Merelava basalts in Figure 11B.
However, the Unit III andesite has somewhat higher P, Zr, and Y contents
than the evolved Merelava basalts at 4%—5% MgO, and is obviously not
strictly comagmatic with them. Despite this difference in HFSE con-
tents, the pronounced compositional similarity of the Hole 833B Unit
III andesites and the evolved basalts from Merelava is persuasive.

This suggests that the late Pliocene lithostratigraphic Unit I1I clasts
are derived either from an early phase of Merelava magmatism, or per-
haps more likely, they may be derived from a more proximal, compo-
sitionally very similar volcano in a similar tectonic setting to Merelava
along the eastern margin of the Central Chain. The southern limit of
the Northern Trough is very poorly known, and it may extend further
south than Merelava towards Maewo Island, at the northern end of the
uplifted Eastern belt ridge. Uplift of the Maewo-Pentecost Ridge since
the Pliocene has clearly disrupted the development of the juvenile
backarc trough in this part of the arc (Fig. 1). These Unit ITI lava
breccias may have been emplaced into the NAB as mass flows from
the east or northeast during the collision of this part of the arc with the
d’Entrecasteaux Zone ~2 Ma.

Aoba Island, bordering the south end of the NAB, is a young shield
volcano 15 km across, with abundant picritic basalts, ankaramites,
olivine + clinopyroxene-phyric basalts and subordinate plagioclase-
phyric basalts (Gorton, 1977; Eggins, 1993). A detailed petrological-
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Figure 10. Top: Chondrite-normalized REE patterns for low-K volcanic clasts
from Hole 833B lithostratigraphic Units ITl and for evolved basaltic to andesitic
sills from Unit V. Bottom: NMORB-normalized element variation patterns for
low-K volcanic clasts from lithostratigraphic Units I1I and for evolved basaltic
to andesitic sills from Unit V in Hole 833B.

geochemical study of Aoba lavas (<0.7 Ma; Eggins, 1993) showed
the existence of two magmatic lineages on this island, an older high-Ti
arc basalt suite (1.1%—1.7% TiO,) and a younger, primitive low-Ti
suite (0.5%—1.1% TiO,). The low-Ti suite lavas span a continuous
range from picrite (20% MgO) to high-Al basalts (<5% MgO), and
can be related by crystal fractionation of observed phenocryst phases.
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Figure 11. Top: Chondrite-normalized REE patterns for representative low-K
andesitic clast from Hole 833B lithostratigraphic Unit Il compared with
representative andesitic lava from Merelava volcano (Barsdell, 1988) at the
northeastern end of the North Aoba Basin. Bottom: NMORB-normalized
element variation patterns for low-K clast from Hole 833B lithostratigraphic
Unit Il compared with patterns for representative andesitic and basaltic lavas
from Merelava volcano (Barsdell, 1988) at the northeastern end of the North
Aoba Basin.

Santa Maria volcano is a little-dissected low, truncated cone about 25
km across, with a central caldera. Dissected remnants of an older volcano
suggest that it existed as a late Pliocene volcano (Mallick and Ash, 1975).
The island is dominated by basalts and andesites, many of which have
transitional alkaline, high-K characteristics (Barsdell et al., 1982).

Figures 12A and B show representative REE and element variation
patterns for the dominant low-Ti series, and the older, less-volumi-
nous high-Ti series on Aoba (Eggins, 1993), and also arepresentative
basalt from Santa Maria (Barsdell et al., 1982). The Aoba low-Ti
series and high-Ti series lavas show essentially parallel element
patterns between Sr and Th (Fig. 12B), and only vary for the HFSE
elements. The Santa Maria lavas are clearly more akin to the low-Ti
series on Aoba, lacking the pronounced enrichments in HFSE shown
by the Aoba high-Ti series. Figures 12A and B also show repre-
sentative REE patterns and element variation diagrams for the com-
positional Group | and Group 2 basalts and andesites from Hole 832B
lithostratigraphic Units VI and IV. The Aoba-Santa Maria lavas are
compositionally akin to the Group 2 Hole 832B lavas, and lack the
Ba-Rb peak that characterizes the Group | lavas from Hole 832B.
Both the high-Ti and low-Ti series represented on Aoba are also
present among these Pliocene-Pleistocene lavas in Hole 832B, and
there appears to be no temporal control on their occurrence in this
hole, being represented in Units IT, IT1, and I'V. The high-Ti series lavas
are not represented, however, among the few analyzed clasts from the
Late Miocene Unit VI.
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The Group 2 element variation pattern, with smoothly increasing
curves from Sr to Ba, occurs in Hole 832B lithostratigraphic Units
I1I, IV, and VI, but is not represented on Aoba or Santa Maria.
However, late Miocene lavas from Pentecost and Maewo, and also
recent lavas from Ambrym and Epi volcanoes, further south in the
arc, exhibit similar patterns (not shown).

The distinctive compositions of the evolved basaltic to andesitic
sills in Hole 833B are compared with lavas of similar MgO content
from the low-Ti and high-Ti series on Aoba in Figures 13A and B.
The REE patterns of the sills, and their high HFSE contents indicate
broad correlation with the high-Ti series on Aoba, although the sills
are older by perhaps 3 m.y. than the Aoba lavas. Slight differences are
obvious in the Sr through Th sections of the element variation patterns
(Fig. 13B) for the sills and the high-Ti Aoba andesites. However,
given the significant age difference between the two magma series,
and the distance between Site 833B and Aoba, this is not unexpected.
The key point is that relatively HFSE-enriched basaltic magmas have
been generated intermittently during the last4 m.y. in the NAB region,
but are volumetrically subordinate to the less HFSE-enriched series,
best represented by the low-Ti series on Aoba (Eggins, 1993) and
Santa Maria.

Preliminary trace element data for ashes from the upper sections
of Holes 832B and 833B (Gérard and Person, this volume) suggest
that the high-Ti series is not represented among the ashes, which
presumably derive in large part from nearby Santa Maria volcano.

CONCLUSIONS

The stratigraphic occurrence and petrographical-geochemical fea-
tures of the igneous rocks drilled from the NAB indicate the existence
of the following four compositional groups:

1. Ankaramites or augite-phyric basalts and andesites of Pleisto-
cene-Recent age, limited to Hole 832B lithostratigraphic Units II, I11,
IV. and VI. These are medium- to high-K compositions and are
derived from a spectrum of parental magmas in which the HFSE
contents are inversely proportional to their SiO, contents. The latter
feature may reflect derivation of this range of primary magmas from
varying degrees of partial melting of an essentially similar source,
possibly with the low-SiO,, high-HFSE magmas representing lower
degree partial melts generated by higher pressure partial melting.

2. Calc-alkaline two pyroxene-bearing basalts and andesites from
the Middle Miocene lithostratigraphic Unit VII of Hole 832B. These
are probably derived from the Western Belt, where calc-alkaline lavas
are described but poorly documented. This assignment requires that
the 5.66 Ma K-Ar age for one sample from this suite is significantly
too young, due to incipient alteration and Ar loss.

3. Ankaramites or olivine + augite-phyric low-K basalts and basal-
tic andesites of the Pleistocene-late Pliocene Unit III of Hole 833B.
These have low HFSE contents and flat REE patterns and are correlated
with the lavas of the Pleistocene to Holocene Merelava volcano, or a
more proximal, compositionally-similar volcanic source in a similar
tectonic setting to Merelava along the eastern margin of the NAB.

4. High-K basalt to shoshonitic augite + olivine-phyric evolved
basaltic to andesitic sills of lithostratigraphic Unit V in Hole 833B;
these are of Pliocene age, form a continuum of compositions related
by fractional crystallization, and are compositionally correlated with
the high-Ti K-rich basalts from Aoba volcano.
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