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ABSTRACT

Eissen, J.-P., Lefévre, C., Maillet, P., Morvan, G. and Nohara, M., 1991. Petrology and geochemistry of the central North
Fiji Basin spreading centre (Southwest Pacific) between 16°S and 22°S. In: K.A.W. Crook (Editor), The Geology, Geophysics
and Mineral Resources of the South Pacific. Mar. Geol., 98; 201-239.

The North Fiji Basin (NFB) is a 12 m.y. old back-arc basin that has a complex multi-stage history. The presently active
spreading system can be divided into four segments between 16°S and 22°S, which from morth to south trend N160, N15 and
N-S (the fourth segment is the N-S trending segment located near [74E). The main N-S segment is morphologically similar
to other medium-rate oceanic ridges, whereas the other segments have rougher morphologies which have been severely disturbed
by a triple junction at 16°45'S and several instability features such as overlapping spreading centres (OSCs) and propagating
rifts. The spreading rate seems to diminish from 7.8 cm/yr near 20°S to 4.6 cm/yr near 18°S. Mineralogical, petrological
and geochemical data were obtained on 24 new stations located along all the four segments. The petrogenesis of the basalts
collected is essentially controlled by low-pressure crystal fractionation of plagioclase +olivine &-clinopyroxene
(plagioclase > olivine > clinopyroxene) with 52% of the NFB basalts reaching the four-phase cotectic. Locally, some magma
mixing occurs, but this is limited to magma batches of closely related composition, as might be expected to occur inside a
magma reservoir. The N-S segment, which, since 3 m.y., is the only steady-state segment, is also petrologically and geochemi-
cally very comparable to other medium-rate oceanic spreading centres, producing moderately evolved LILE and LREE-
depleted N-MORB. In contrast, the three other segments produce basalts of much more variable petrology and geochemistry
characterized by LILE and slightly LREE-enriched magmas cf back-arc basin basalt (BABB) affinity (but not as enriched as,
for example, the Mariana BABB); MORB is, however, also found on the N160, N15 and 174E segments, Diagrams using Ba,
Rb, K/P and (K/Ti)y (normalized to the chondrites) plotted against [atitude clearly show along-strike variations. Beneath the
recently formed segments, the mantle source is heterogeneous, and locally has some BABB affinities, whereas beneath the more
steady-state N—S segment the magma source is more homogeneous, being generally depleted in LILE and REE as is the case
for classical N-MORB mantle sources. Simple evolution from an early stage of BABB production to MORB described in the
Lau basin and proposed for the NFB does not seem to occur. Present-day activity still produces large amounts of BABB along
the less-stable and more recently created segments, and MORB was produced in the earlier stages of the development of the

NFB.

Introduction

Located in a back-arc environment, the North
Fiji Basin (hereafter, NFB) spreading centre is

!Member of GDR 910, “Genése et Evolution des Domaines
Océaniques”, Brest
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probably the largest if not the oldest active back-
arc basin on earth. Early work (Chase, 1971;
Karig, 1971, 1974) explains its formation by active
spreading (Fig.1). Subsequent geomagnetic, heat
flow, seismic reflection, refraction and bathymetric
surveys confirmed the present activity of the NFB
and roughly located its main spreading areas (Ma-

‘;);R.S.T 0.Mm, Fongs Documentaire

Cpte g




202

J.-P. EISSEN ET AL. PETR

AUSTRALIA

= Indo- { % e e
Australian'
Plate
14P°E

Ma

bety
batt
dur|

al.,
of
defi

prel
wej

et g
desg
sut
CO3
m3
16
hal

40°s 1)

NEW
ZEALAND

180°
]

Fig.1. Geodynamic features of the Southwest Pacific. Active subduction zones dipping towards the continent: T=Tonga; K=
Kermadec. Active subduction zones dipping towards the ocean: NB=New Britain; S=Solomon; NH=New Hébrides. Paleo-
subduction zones: NG =New-Guinea; OM = West Melanesia; NS=North Solomon; V=Vitiaz; P=Pocklington. Active marginal
basins (grey stipple): M =Manus; W=Woodlark; NFB=North Fiji; L=Lau; LH=Le Havre. Inactive marginal basins are shown

with coarse stippling. The box delineates the area of Fig.2.

lahoff et al., 1982; Larue et al., 1982; Brocher,
1985; Maillet et al., 1986). However, samples from
this spreading centre were hitherto almost non-
existent except from north of 16°S (Aggrey et al.,
1988; Sinton et al., 1991).

Eissen et al. (1990) have published a short note
dealing with petrological along-strike variations in
the NFB spreading centre between 16 and 20°S,
and this paper presents some general results ob-
tained on “zero-age” volcanic rocks collected on
or close to the NFB spreading centre between
16°18'S and 21°26'S during the SEAPSO Leg3
cruise (Auzende et al., 1986, 1988a) and the subse-
quent KAIYO 87 (Auzende et al., 1988b) and
KAIYO 88 (Ruellan et al., 1989) cruises. The
mineralogy, petrology and geochemistry of the
samples are discussed, with a special emphasis on
the along-strike variations. In addition we will
compare these basalts with samples from other

Pacific back-arc basins, and discuss their petro-
genesis.

Geological setting
Previous work

The opening of the NFB results from the break
up of the old Vitiaz lineament (Fig.1). Rapidly
changing stress regimes within the Southwest Pa-
cific approximately 12 m.y. ago led to the reversal
of the subduction polarity along the Vitiaz—New
Hebrides Island Arc. As a consequence, the NFB
back-arc spreading began between 12 and 8 m.y.,
and this was followed by several reorganizations
(Falvey, 1978; Kroenke, 1984; Brocher, 1985;
Auzende et al., 1988c; Pelletier et al., 1988; Charvis
and Pelletier, 1989). The presently active spreading
centre was identified by roughly N-S trending




PETROLOGY AND GEOCHEMISTRY OF THE NORTH F1Ji BASIN

magnetic anomalies (Chase, 1971; Cherkis, 1980;
Malahoff et al., 1982).

The NFB spreading centre was located precisely
between 20° and 21°S near 173°20'E using the
bathymetric and geomagnetic survey carried out
during EVA 12 cruise of R.V. Coriolis (Maillet et
al., 1986, 1989). During the SEAPSO Leg 3 cruise
of R.\V. Jean Charcot, the ridge location was
defined between 16°18'S and 20°10'S and two
precise full-coverage Seabeam maps (30 x 10 miles)
were completed near 18°25'S and 20°05’S (Auzende
et al., 1986, 1988a). Ten bottom water, dredge and
deep-tow stations along the active ridge were also
surveyed during this cruise. The KAIYO 87 cruise
completed this first detailed survey. A full Seabeam
mapping of the axis was carried out between
16°30’'S and 18°10'S, accompanied by water and
hard rock sampling (Auzende et al., 1988b). De-
tailed photo and video work near the sea bottom
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.around a newly discovered active hydrothermal
site near 17°S was also conducted. The subsequent
KAIYO 88 cruise was mainly devoted to the area
south of 21°S, where Seabeam mapping of the axis
and sampling were conducted (Ruellan et al.,
1989). This southernmost segment completes the
junction between the spreading system of the NFB
and the subduction zone of the southern New
Hebrides Trench (Fig.2) (Maillet et al., 1989).

Morphology of the NFB spreading ridge

Between 16°S and 22°S, the roughly N-S ori-
ented presently active spreading system was created
approximately 3 m.y. ago, with a local reorganiza-
tion around 1 m.y. ago (Auzende et al., 1988a,c;
Tanahashi et al., this issue). It may be divided into
four segments displaying different structural orien-
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Fig.2. North Fiji Basin map with sample locations used in this

180°
study. Black diamond = GEOTRANSIT (GT) cruise; dots=SEAPSO

cruise; black squares=KAIYO 87 cruise; black triangles=KAIYO 88 cruise. Data from the literature: white triangles=KANA
, 1991). EZ. =fracture zone. Dashed lines=spreading centres. Arrow
Areas in less than 2000 m of water are shown in grey stipple. The
with white triangles are paleo-subduction zones.

KEOKI 1982 tripartite cruise (T13 to T21, from Sinton et al.
at the tip of a spreading centre indicates a propagating rift.
active New Hebrides subduction zone is shown. Dashed lines
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tations and morphologies. From north to south,
they are as follows (Fig.2):

(1) A N160 segment berween ca.15°S and 16°40'S.
This segment is marked by a complex cross section,
with high scarps, alternation of ridges and grabens,
and at least one overlapping spreading centre
(OSC) near 16°20'S. The spreading axis is situated
in a deep asymmetrical rift (Kroenke and Eade,
1991) rather than on top of a wide ridge (Lafoy,
1989).

(2) A NI5 segment between 16°50'S and 18°20'S.
The spreading axis is situated on a small, 10 km
wide symmetrical ridge, but is frequently offset by
non-transform offsets or by OSCs (e.g. near
17°16’S, 17°48'S and 17°52'S). Both the N160 and
N15 segments are marked by a sharp decrease in
the water depth towards 16°45°S. Here, the two
spreading ridges and the westernmost part of the
North Fiji Fracture Zone meet at a triple junction
(Lafoy et al., 1987; Lafoy, 1989; Tanahashi et al.,
this issue) (Fig.2).

(3) A N-S segment between 18°10'S and ca.21°S.
Compared to the other segments, the morphology
of this segment is relatively flat, the axis being
sitnated on a 7-8 km wide and 200~-400 m high
ridge. Very few offsets are observed and only one
OSC occurs, near 19°50'S. The morphology of this
segment is very similar to that observed along the
East Pacific Rise near 13°N (Gente, 1987).

(4) A 174F segment, oriented N5—-N15 between
20°40'S and 21°30'S, and offset eastwards along the
174°10'E meridian. Although highly variable, the
morphology of this segment often corresponds to
a wide dome bounded by two elongate deep
troughs.

The relative instability of the NFB, which has
known several reorganizations in less than 12 m.y.,
is marked by the presence of several propagating
rifts (Hey, 1977), which are, from north to south:

(1) The northernmost part of the N160 segment,
propagating northward (Kroenke and Eade, 1991).

(2) The southernmost part of the N15 segment,
propagating southward (Lafoy, 1989), whereas the
northernmost part of the N-§ segment is dying.

(3) The southernmost part of the N-S segment,
propagating southward, whereas the northernmost

part of the 174E segment is dying (Maillet et al,,

1989).
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Geomagnetic data enable the calculation of a
spreading rate of 7.8 cm/yr at 20°S for the period
represented by magnetic anomalies 1 and 2A (Mail-
let et al., 1986), 5.2 cm/yr at 18°10'S (Auzende et
al., 1988a) and 4.6 cm/yr along the N15 segment
for anomalies 1 and T (Lafoy, 1989). Thus, the
spreading rate seems to decrease significantly from
21°S towards the 16°45'S triple junction.

In summary, the NFB is a large, old, structurally
mature back-arc basin. Its long (ca.12m.y.) and
complex development is probably the result of
unstable regional stress regimes.

Sample preparation and analytical procedure

The hard rock recovery from the 24 new sam-
pling sites (Fig.2, Table 1) was highly variable
(ranging from less than 1 kg to more than 200 kg
depending on the success of the sampling tech-
nique), these techniques include conventional
dredging during the SEAPSO Leg3 cruise and
chain-bag dredging or use of small dredges at-
tached to the deep tow during the KAIYO 87 and
88 cruises. Table 1 sumarizes the sampling loca-
tions, briefly describes the structural environment
of the sampling sites, and the relative recovery.
When enough material was recovered, eight to
twelve samples were selected aboard the ship as
the representative set of each site depending on
the macroscopic differences observed. One hundred
and twenty four samples were thus selected, photo-
graphed and described (Table 2), and all the subse-
quent studies were carried out on these samples.
From each of them, at least one polished thin
section was made for petrographic and microprobe
analysis. Model analyses were obtained, with at
least 1000 point counting, on six thin sections
(Table 2), using internally consistent definitions of
phenocrysts and microphenocrysts based not only
on the size of the mineral grains, but also on
texture, shapes, and intergrowths of the coexisting
phases as described by Bryan (1983) and already
used in other petrological studies (Staudigel and
Bryan, 1981; Eissen et al., 1989). All the other
modes given in Table 2 indicate occurrence of the
different mineral phases and microscopically esti-
mated modal contents. For a volume percentage
of total phenocrysts and microphenocrysts, lavas
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are defined as aphyric, sub-aphyric, moderately
phyric, phyric and highly phyric as follows: of
< 1%, between 1 and 5%, between 5 and 15%,
between 15 and 25%, and >25% respectively.
Each sample was crushed in an agate mortar for
bulk rock geochemical analysis (except sample GT
104, which is only made up of a few glass chips).
Major and trace element analyses were performed
by atomic absorption spectrometry at the Uni-
versité de Bretagne Occidentale at Brest by Joseph
Cotten. Rare earth element analyses for eight
samples were obtained by ICP at the Geological
Survey of Japan at Tsukuba. Microprobe analyses
were made using the fully automated CAMEBAX
microprobe at the IFREMER Centre at Brest.
Glasses were analyzed using hand-picked glass
chips from 89 samples and mounted on 25-hole
brass supports containing one reference glass. Indi-
vidual minerals were analyzed on polished thin
sections from 56 selected samples. We used the
usual three-step procedure for silicate analysis: (1)
Fe, Na, Si and K, (2) Mn, Mg, Al and Ca, and
(3) Cr and Ti (the peak and background counting
times was 6 s and the filament current 15 kV). The
accuracy was controlled during a single probe
session or from one session to another, by analyz-
ing homogeneous reference minerals or USNM
reference glasses numbers 111240 (VG-2) and
113498 (VG-A99). Some complementary mineral
analyses was performed on the JEOL 744 super-
probe at the Geological Survey of Japan at
Tsukuba.

Petrology of the lavas

The rocks collected along the NFB spreading
centre present a typical Dbasaltic plagio-
clase 4 olivine +-clinopyroxene (= spinel) mineral-
ogy. Plagioclase is the dominant phase, and occurs
either as phenocrysts or microphenocrysts. Olivine
is frequently associated with it, but at a much
lower volume percent; moreover, phyric olivine
basalt is completely absent from this rock collec-
tion. Clinopyroxene rarely appears as phenocrysts,
but is frequently intimately associated with plagio-
clase and sometimes olivine in skeletal microphe-
nocrysts or glomerocrysts. Spinels are scarce,
and are generally associated with plagioclase or
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‘olivine phenocrysts or xenocrysts in the most phy-

ric lavas.

These dredged basalts can be separated into
different petrochemical types on the basis of their
mineralogical assemblage, their modal content,
and their geochemistry. However, as the observed
variations differs from one segment to another, we
will describe these samples according to their struc-
tural location, from the northern segment to the
southernmost one. The various types probably
represent individual magma batches, much of the
observed scattering within each type. being ex-
plained by low-pressure fractionation, with some
occasional magma mixing.

N160 segment

This spreading centre has been sampled only
near its southern tip at four stations (S5, K29,
K17 and K5 in Fig.2). (Its northern part was
surveyed during other cruises (Aggrey et al., 1988;
Sinton et al., 1991; Kroenke and Eade, 1991).) The
three most northerly stations (S5, K29 and K17)
were probably not directly on the active volcanic
zone as no very fresh basalts with shining glass
were recovered. . Indeed, bulk rock analyses
(Table 3a) always show a positive H,O" content
(between 0.02 and 0.58%), indicating incipient
alteration. This weak alteration was confirmed by
the observation in thin sections of palagonite and
Fe-Mn hydroxides along cracks and in vesicles,
even in cases where minerals such as olivine were
still not transformed. The two most southerly
stations (K17 and K5) are in the triple junction
area, which probably explains their peculiar pet-
rology, with the presence of highly phyric lavas.
Four types can be recognized in these samples:

Type I-I. Highly phyric plagioclase+
olivine +clinopyroxene basalts from station KS5.
These lavas exhibit a relatively unevolved bulk
rock, with low FeO*/MgO (0.8540.03) and
TiO,%  (0.8040.10), relatively high Cr
(246+39 ppm) and Ni (113+11 ppm) contents
(Table 3a), and glass (Table 4a) compositions.

Type 1-II: Highly phyric or sub-aphyric plagio-
clase—olivine—clinopyroxene basalts from station
K17. Despite a large difference in crystals, the two
lavas exhibit a moderately evolved bulk rock, with
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TABLE 1 TAH
Summary of the 24 sampling locations used in this study with: abridged station number, position, water depth, description of the |
structure of the sampling sites, and description of the recovered samples. SPS 3=SEAPSO 3 cruise; K 87=KAIYO 87 cruise; |
K 88=KAIYO 88 cruise; GT104=GEOTRANSIT cruise; ST=station; D=dredge; DT =deep tow. The abridged station number ]
given in station number column will hereafter be used !
i Station | Latitude| Longitude|Water | Site | Recovery | |
[ Number | South | East |Depth | | | |
|
| N160 ,segment : | —
{
| SPS 3 |=85 |16°18.187[173°33713 | 3930 | western | 60 kg of pillows and lava | i
{ D 5 | | to | to | to | flank of | with slight Mn coating and | |
| i [16°18.7771173°31710 | 3500 | the ridge | sediment traces ] —
- ]
| K 88 |=K29|16°39.897173°49.24"] 2580 |ridge near | 40 kg of Mn coated aphyric |
| ST 29 | | to i to i to | the N160 | to phyric pillow basalts, 50} )
|} D 6 |} ]16°40.457|173°49.07' | 2498 |graben axis| kg of consolidated sediments| -
|
] K 88 |=K17|16°47.5471174°01.46'| 2778 | triple | one highly phyric and one |
| ST 17 | | to | to | to | Jjunction | sub-aphyric basaltic pillow | |
| D 1] ]16°47.9071174°01.6971 2667 | area I | -
. |
| K 87 |=K5 }16°53.607|173°54.39"| 2205 | triple | 1.5 kg of highly phyric | 1
{ sT 51 | to | to | to | junction | basaltic pillow | |
| D 3| 116°53.427)1173°54.57’} 2101 | area | | ]
I
| N15 segment |
| K 87 |=K4 [|16°54.6671173°54.66"| 1979 | axial ] 61 kg of fresh to lightly | .
| ST 4 | | to | to | to | graben | altered pillows and crusts
{ D 2 | {16°58.6771173°55.02"| 1960 | | of sub-aphyric basalt | 7
| K 87 |=K4A[16°57.857(173°54.97") 1964 | axial | 0.2 kg of Mn crust fragments]|
| 8T 4 | | to | to | to | graben | 1 kg of altered basalt
| DT A | [16°58.5071173°55.64" 1970 | ] 0.5 kg of glass scree |
| K 87 |=K4B|[16°58.577{173°54.76°| 1935 | axial | 0.5 kg of Mn crust fragments]|
| 8T 4 | | to | to | to | graben | 0.5 kg of light brown ooze
| PT B | [16°59.0771173°55.487 1970 { | 0.3 kg of basalt, 2 kg screel
| K 87 |=K8 [17°09.5071173°52.327| 2306 | axial | 24 kg of fresh sub-~aphyric |
| sT 8 | | to | to | to | graben | glassy crust of basalt |
| D 5] 117°09.177|173°52.417| 2323 | i 1 kg of sedimentry mud ]
| K 87 |=K9 117°19.867|173°49.297| 2506 | small | 36 kg of aphyric to modera- |
| 8T 9 | | to | to | to | axial | tly phyric glassy pillow ba-|
| D 6 | 117°19.227|173°48.607| 2539 | graben | salt with limited alteration|
| K 87 |=Ki2]17°36.05’173°46.15’| 2517 | axial | 1 kg of glassy phyric basalt]
| 8T 12 | | to | to | to | ridge | crust basalt 0.5 kg light
| D 9 | [17°34.1671173°45.497 1 2494 | | brown mud 0.5 kg of pumices |
| K 87 |=K6A|18°06.657(173°28.627] 2696 | axial | 17 kg of sub~aphyric to mo- |
| ST 6 | } to ] to | to | «ridge | deratly phyric lightly alte-|
| DT A | 118°07.687[173°29.987| 2820 | | red basalt + sediment traces|
i K 87 |=K6 |18°05.96/1173°28.987{ 2816 | axial | 10 kg of relatively fresh i
| sT 6 | | to ] to | to | «ridge | aphyric pillow basalt
] D 4 | 118°08.937{173°29.457] 2638 | | |
| SPS 3 [=S3 |18°12.847(173°24701 | 2940 | on- | 80 kg of pillows and lava
| D 3 { | to ] to | to | axis | crusts with slight Mn |
| | 118°13.6171173°25715 | 2660 | volcano | coating |
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TABLE | (continued)
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] Station | Latitude| Longitude|Water | " site ] Recovery l
| Number | South | East |Depth | | |
| N-§ segment I
| SPS 3 |=82 }118°11.347}173°34796 | 2800 | off- i 25 kg : 1 massive bloc and |
| D 2| | to | to | to | axis | 1 pillow of basalt slightly |
] ! 118°12.0471173°36790 | 2550 | ridge | altered + sediment traces ]
| SPS 3 |=S4 ]18°34.007]173°31’32 | 2870 | axial | 50 kg of fresh pillow and |
| D 4| [ to | to | to | graben | glassy lava crust of ]
] | 118°32.627]173°31709 | 2800 | | basalt |
| K 87 |=K14118°49.517|173°29.837( 2729 | axial | 33 kg fresh aphyric glassy |
| ST 14 | | to | to ] to | «rxidge | basaltic pillow, crust and |
| D10 | 118°48.7271173°29.537| 2713 | | protuberance I
| K 87 {=K15/19°17.087}1173°27.337] 2755 | axial | 200 kg fresh aphyric glassy |
| ST 15 | | to | to | to | «ridge | basaltic pillow, crust and |
| D11 | 119°15.447(173°27.64"| 2696 | | protuberance |
| SPS 3 |=SDTI19°59.6 7j173°22.5 | 2900 | axial | 60 kg of fresh pillows |
{ DT I | to i to ] to | graben | and glassy protuberances

] | 119°52.7 71173°23.1 7| 2700 | | of basalts |
| SPS 3 [=S1 [19°57.877(173:22746 | 2500 | axial | 50 kg of fresh pillows, |
| D 1} | to | to | to | graben | glassy crusts and

|

i19°57.2071173°22710 | 2770

| protuberances of basalts |

| GT104 |=GT }20°26’ 1173°24" | 2840

ridge axis |

few glass fragments |

| 174° East segment

]

] K 88 |=K21121°02.187]174°08.87"| 2844 | axial | 50 kg of fresh glassy pillow|
| ST 21 | | to | to ] to | ridge | and lightly altered basaltic}
| D 3| 121°01.8671174°08.83"| 2820 | | pillow with thin Mn coating |
| K 88 [=K23[21°10.7471174°11.03"| 2834 | axial | 22 kg of sub-aphyric lightly|
| ST 23 | | to | to | to | ridge | altered basaltic pillow and |
] D 4 | 121°10.2971174°10.29"| 2844 | | crust with thin Mn coating |
| K 88 |=K22}21°23.76’1174°11.93’] 2653 | axial | 1 large pillow (70 kg) and |
| ST 22 | | to | to | to | «ridge | 1 small pillow (2 kg) of

[ D 5| [121°22.6371174°11.63’| 2501 | - | aphyric basalt |
| K 88 [=K22|21°26.707]1174°10.73"} 2218 | axial | 33 kg aphyric sheeted lavas |
| sT 22 | DT | to | to | to | ridge and | and basaltic pillow with

|IDT 9-10] 121°24.3371174°10.20’] 2563 | seamount | thin Mn coating . |

low FeO*/MgO (1.2640.03) and Ni content
(7241 ppm) (Table 3a) and glass (Table 4a) com-
positions. The lower Cr (140 ppm) and TiO,%
(1.27) of the most phyric basalt is the result of the
plagioclase accumulation of a magma of similar
composition to sample K17-1-2 (Table 3a).

Type 1-III: Moderately phyric to-phyric basalts
from site S5 with plagioclase, olivine phenocrysts

and rare clinopyroxene microphenocrysts. These
lavas are characterized by the occasional occur-
rence of clinopyroxene. They comprise a moder-
ately. evolved bulk rock, with low FeO*/MgO
(1.05+0.05) and TiO,% (1.58+0.03) (Table 3a),
and glass (Table 4a) compositions, despite rela-
tively high Cr (286437 ppm), Ni (11746 ppm)
and Ba (57421 ppm) contents.




208 J.-P. EISSEN ET AL.

TABLE 2

Summary of the sample morphology, mineralogy and modal content; lava types as

distinguished in the text. Sample morphology: pillow =pillow lava; crust=1lava crust;

massive= pillow interior or massive flow; prorub. =large pillow protuberance. Miner-

alogy: phenocrysts =more or less equidimensional crystals, enhedral to xenomorphic

with a length of > 500 pm; microphenocrysts=small euhedral to skeletal crystals

*. with a length of between 100 and 500 um; PL=plagioclase; OL=olivine; CPX=
|St. Sa. Morph- { PHENOCRYSTS | MICROPHENOCRYSTS| 1 1 { Lava |
[Nb, Nb. legy | PL OL CPX | PL oL cPX | SP|Altl Mode| Type |
* | N160 segment : 1

{ ] i [momfemnmmmn | mmem=n 1
{ §5 01 pillow | PL { PL oL | { + | MPH | 1-III|
| s5 02 pillow | 14 4 | 4 1 1 i+ [+ PH|21-III|
[ S5 03 pillow | PL OL | PL OL (CPX) | | + | MPH | 1-III|{
| 8504 pillow | 3 1 {11 1 1 |+ 1 | MPH | 1-1II(
| 85 05 pillow | PL OL { PL oL cPX | | ] MPH | 1-II1}|
| 85 06 pillow | PL OL | PL OL | | + | MPH | 1-I1I|
| 85 07 pillow | PL OL { PL oL 1 ] + 1 MPR | 1-11I|
{ 55 08 pillow | PL OL { PL oL | | | MPH | 1-II1I|
K29 2 pillow | (PL) | PL OL CPX | ( | MPH | 1-IV |
(K29 3 pilléw | PL OL | PL OL ({CPX) | | + | MPR | 1-IV {
1K29 4 pillow | { PL oL CPX | { | sA | 1-1v |
1K28 & pillow [ (PL) | PL OL CPX | | + 1 MPH | 1-1V |
1K29 8 pillow | (PL) I PL OL CPX | | | MPH | 1-IV {
1K298 11 pillow | { PL OL CPX | |+ 1 SA ] l-1v |
1K17 1 pillow | PL OL (CPX)| PL OL CPX | + | | HPH | 1-II |
K17 2 pillow | | PL OL (CPX} ( 4 | +{ SA{ 1-1I}
{ K5 1 pillow | PL OL | PL OL CPX | + | | HPH | 1-I |
| X5 2 pillow | PL OL | (PL) {OL} { + 1 [ HPH i 1-r {
! { ! R R e Rt
| N15 segment : ! |
t ! 1 R R fmommnn t
] K4 1 crust | U (pL) T T SN2 2
| K4 2 crust | I (PL) t. 1t Ay21v)
{ K4 3 crust | {PL) | PL | | | SA | 2-Iv |
| K4 4 crust | | BL i1 sA| 2-Iv
| K4 5 pillow ! (oL) | PL oL CPX | I | SA | 2-1V |
| K& 6 pillew | { PL {OL) i1 1 sAl 2.1V |
{ K& 7 pillow | 1 PL 1 A 21V
] K& 8 pillow | | PL { | | Al 2-IV |
{ K4 9 pillow | { PL i 1 1 A} 2-IV |
| K94 3 crust | | (PL) l | B | Al - l
| K4A 4 crust | | (PL) A S B S B
{ K42 7 pillow | PL | (PL) 1 | H1 sa| =~ |
! K4B 1 crust | | (PL) | L+l Al - {
{ K4B 2 crust [ ! PL | {1l sat - I
| X8 1 ecrust | (PL) | PL oL cpX | | { sa | 2-Vv1 |
| K8 2 crust | PL I PL oL crx | i ! sa | 2-VvI |
| X8 3 crust | PL 1 PL oL cPX | 1 | SA | 2-VI |
| K8 4 crust | PL | PL oL cex o { [ Ssa | 2-vI |
| K8 5 crust | PL {CPX)| PL oL CPX | | I sa | 2-VvIiI|
] KB 6 crust | PL (OL}(CPX)} PL oL CPX | { [ SA | 2-VII|
| K9 1 pillow | PL OL I PL oL CPX | | + | MPH | 2-III|
] K9 2 pillow | PL OL CPX | PL oL cpPX | | 1 MPH | 2-11I|
{ K9 3 pillow [ PL (CPX){ PL OL cPx | ] | SA | 2-111}
| K9 4 pillow | PL OL | PL oL CPX | | [ MPH | 2-IX1|
I K9 5 pillow | { PL OL C¢PX | | | 5B 2-Vv1 |
| K9 & pillow | (PL) (OL} | PL OL cex | { | MPH | 2-VI |
| K12 1 ecrust | PL | PL OL { { { MPR | 2-1 |
{ K12 2 crust | PL { PL oL I 1 @ | MPH | 2-I |
| K12 3 crust | PL OL | PL OL 1 |+ | MPH [ 2-I |
{ K12 4 ecrust [ PL | PL oL | L+ 1 MPHIL 2T |
| K12 5 crust | PL { PL OL {1 1 MPH | 21 |
[ K12 6 crust | ({(PL) i PL oL 1 | 4+ ] MPH | 2-T |
| K12 7 crust | PFL | PL OL | I 1 MPH | 2-1 |
| K12 8 crust | ({PL) | PL OL { { { MPH | 2~ |
{ Kéa 1 pillow | | PL oL i | + 1 SA | 2-111|
| K6A 2 pillow | (PL) (OL) | PL oL I 1+ [ SA | 2-III{
| K6A 3 pillow { PL OL ! PL OL 1 | + 1 SA | 2-I1I{
| K6 1 pillow | PL OL | PL oL cPX | | ] sA | 2-111)|
{ K6 2 horn | PL OL { PL oL cpx 1 ] SA | 2-III}
] K6 3 pillow { PL {OL) i PL oL cPX | | | sA | 2-II1|
{ X6 4 pillow | PL {OL) { PL oL cPX | 1 ! SA } 2-III)
| X6 5 pillow | PL OL | PL oL CPX | l | sa | 2-II1t
| K6 6 pillow | PL OL { PL oL cPX | f | sA | 2-IIX|
{ 83 01 ecrust | 22 1 D} 1 0 1 |+ 1 | PHE 1 2=V |
| 83 02 pillew | PL OL | PL OL (CPX} | | | MPH | 2=V |
| s3 03 pillow | PL OL { PL OL | 1 1 MPH | 2-1I |
] 53 04 pillow | PL OL | PL OL (CPX) | | + | MPH | 2-1II |
{ 53 05 pillow | PL OL | PL OL ! 1 1 PH 2-11 )
| 53 06 pillow | PL OL { PL OL L +1 | PH {2V |
{ 83 07 pillow | PL OL CPX | PL oL cPx | i | PH | 2~V
{ §3 08 pillew | PL OL } PL .OL CPX | | | MPH | 2~V |
{ $3 09 pillow | PL OL | PL oL | + | + [ PH | 2-IT |
| 53 10 pillow { PL OL CPX | PL oL cPX | i 1| PH | 2=V |




PETROLOGY AND GEOCHEMISTRY OF THE NORTH FIJI BASIN

TABLE 2 (continued)

clinopyroxene (between parentheses =low octurrence); SP=spinels; 4/t =alteration;
+ =traces; H=hydrothermal alteration. The six modal analyses were obtained by
counting at least 1000 points (mineral abundances are given in volume percent);
t=traces. All other mineral occurrences are estimated. Mode: 4 =aphyric lava (less
than 1% of crystals); S4 =sub-aphyric lava (1% <crystals<5%); MPH =moder-
ately phyric lava (5% <crystals<15%); PH=phyric lava (15% <crystals <25%);
HPH=highly phyric lava (25% <crystals). Lava types are discussed in the text

|St. Sa. Morph- | PHENOCRYSTS | MICROPHENOCRYSTS| 1 I | Lava |
f INb. Nb. logy | PL OL CPX | PL oL CPX | SPlAlt] Mode] Type |

N-S segment @

!
52 1 massivel PL OL CPX

| 1

1 ! === 1

} | PL OL CPX | | + | MPH | 3-ILI|
] 2 2 crust | PL OL | PL OL CPX | |+ 1 sa| 3-III|
| 84 01 c¢rust | PL {OL) | PL oOL | | I sa 1 3-11 |
| s4 02 pillow | PL | PL OL | 1 1 sa| 3-II |
! 84 03 pillow | PL | PL OL 1 [ | sa | 3-I11 |
} sS4 04 pillow | 1 0 0| 3 1 0 | | | sa ] 3-II |
| s4 05 crust | {PL) | PL OL I 1 1 sA| 3-IT 1|
| s4 06 crust | PL | PL OL I 1 1 sa | 3-II |
| 4 07 crust | PL | PL OL 11 1 sal 3-11 |
| s4 08 crust | PL | PL OL } 1 1 sa 3-1I |
| s4 0% erust | (PL) | PL OL 1 | 1 sAa ) 3-1I |
] 84 10 crust | (PL) ! PL oOL | i I sa ] 3-I1 |
1K14 1 pillow | | PL oL 1 1 1 sa | 3-11 1
{K14 2 pillow | | PL oL ! i t sat 3-1r i
|1K14 5 crust | | PL oL 11 1 sa} 3-Ir |
1K14 6 horn | | (PL) 11 1 A1l 3-Iv ]
1K14 7 horn | | PL oL } I 1 sal 3-11 |
IK14 8 ecrust | (PL) | PL oOL 1 1 1 sa ] 3-If |
[K14 10 crust | I (PL) | | I Al 3-1v ]
I1K1S 2 pillow | } PL oL 1 1 I sa | 3-IIIl
1K15 S pillow | PL oL ! 11 sa ] 3-III}
1K15 6 pillow | PL OL | 1 1} sa 3-III}
|15 7 pillow tor) | PL OL (CPX) | I 1 sAal 3-IIIl
[KL5 8 pillow 1 PL  OL 1 1 1 sa) 3-Irr|
1K15 9 pillow | PL OL I 1 1 sa 3-I1I|
1K1S 10 pillow ] PL oL | ! 1 sa ] 3-IL |
1K15 13 horn IPL) | PL OL | 1 1 sAa} 3-IIIl
ISDT 01 protub. ] PL ([OL) [cPX) ) ] 1 A 3-IIL]
|SDT 02 protub. PL OL I PL OL {CPX) | 1 1 sAal 3-I11 ]
|SDT 03 pillow PL OL | PL OL (CPX) | I 1 sa | 3-II |
ISDT 04 pillow | {PL) (CPX) | i t A | 3-IIIl
1SDT 05 pillow PL OL | PL  OL CPX | ] I sa | 3-II |
ISDT 06 pillow PL OL 1 PL OL (CPX) | 1 ! SAa | 3-II |
{SDT 07 pillow PL OL I PL oL CPX | 1 1 sa 3-II |
)SDT 08 massive FEL OL I PL  OL ({CPX) | I 1 saj 3-1I |
|SPT 09 protub. PL OL 1 PL OL [CPX) | I 1 sai 3-1I 1
}SDT 10 pillow PL OL | .PL  OL {cex) | 11 sa 3-111
] s1 01 pillow PL ] PL OL (CPX) | 11 sal 3-11 |
1 sl 02 crust PL OL 1 PL oL cPX | 11 sa 1 3-1T 1
| s1 03 crust | t ot [ 2 1 0 | | 1, sa ] 3-1I |
! 81 04 crust 1 PL I PL OL cPX | I ! sa | 3-1r )
| s1 05 pillow | PL l PL oL . cPX | 1 1 sAa} 3-IT |
| §1 06 crust | PL OL l BPL OL CPX | I 1 sal 3-11 |
| s1 07 protub.] , 1 0 01 1 t t o1 | I sa | 3-1Ir |
| sl 08 protub.| PL | PL OL cCBX | [ I sa | 3-1I |
| s1 09 pillow } ! PL  OL CPX | I 1 say 3-11 |
| s1 10 pillow | PL CPX | PL OL CPX | ] I sa | 3-IT |
| s1 11 pillow | PL cPX | PL OL CPX | | 1 SA | 3-IL |
| GT104 glass | ] BPL OL CPX | ] i sal 3-1 |
I --1- Jmmmm e e I R Rt | =emmmm I
| 174* East segment : i |
[ mmmmm e 1 ! R Rt R Jommmm !
IK21 1 pillow | oL | PL oL 1 1 I sal4-I |
JK21 2 pillow } PL OL ] PL oL 1 v ) sa)4-1 1
K21 6 pillow | PL | PL ] ] 1 sa) 4-1 |
JK21 8 pillow | oL I PL OL I 1 1 sal 41 |
K21 27 pillow | } PL OL 11 1 sai4-1 |
|K21 28 pillow | oL | PL OL ] 1 1 sAl 4-I )
|K21 29 pillow | oL ! PL OL | 1 | sAa 1 4-1 |
|K23 14 pillow | PL OL CPX | PL (OL} CPX | | + | MPH | 4-II |
1X23 15 pillow | PL OL | PL OL CPX } 1 | MPH | 4-1I |
1K23 16 pillow | PL OL 1 PL oL ) b1 sal 4-11 1
1K23 17 ecrust | PL OL | PL OL | I+ 1 sal 4-If |
|K23 18 crust | PL OL | PL oL { | I sA| 4-IL |
|23 19 pillow | PL OL I PL OL . I sa ] 4-1T |
1K23 20 pillow | PL OL l PL OL CPX | | | MPH | 4-II |
1K22 1 pillow | (PL) I PL (OL) CPX | | + | MPH | 4-IV |
1K22 2 pillow | PL CPX | PL oL cPX | | + | MPH | 4-IV |
1K22 3 pillow | PL OL I PL (OL) cCPX | 1+ 1 sa] 4-1v )
1K220T2 pillow | 1 PL CPX 1 1 + 1 SA | 4-III|

209
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TABLE 3a
Bulk rock analyses for the N160 segment. The analyst for Tables 3a—d was J. Cotten, Université de Bretagne Occidentale, Brest. In all tables, FeO*=total iron expressed as
FeO (=0.9 x Fe,03)
Station S5 S5 S5 S5 S5 85 55 S5 K29 K29 K29 K29 K29 K29 K17 K17 KS KS
Sample 01 02 03 04 a5 06 07 08 2 3 4 5 8 11 1 2 1 2
Lava type 1~III 1-III 1-IIT 1-IITI 1-IIT 1-ITI 1~III 1-III 1-1IV 1-1v 1-1v 1-IVv 1-Iv - 1-1Vv 1-I1 1-I1 1-I 1-1
Mode MPH PH MPH MPH MPH MPH MPH MPH MPH MPH SA MPH MPH SA HPH SA HPH HPH
S102 49.10 49.80 50.00 50.00 50.00 50.00 49.80 50.10 49.50 49.30 50.10 50.15 49.50 49.60 49.30 49.80 48.80 49.50
TiO2 1.61 1.59 1.63 1.54 1.61 1.58 1.53 1.57 1.87 1.80 1.78 1.77 1.76 1.74 1.27 1.47 0.69 0.90
A1203 16.02 16.02 16.29 15.92 15.99 16.09 16.00 15.78 14.71 15.65 14.86 14.73 14.52 14.54 18.48 14.81 23.96 20.20
Fe203 8.98 8.79 8.65 9.84 9.00 9.04 8.72 9.62 10.49 10.83 10.05 10.43 10.63 10.85 8.96 10.62 5.00 7.17 ] '
MnO 0.15 0.15 0.15 0.17 0.16 0.15 0.14 0.17 0.20 0.18 0.17 0.17 0.18 0.18 0.15 0.18 0.09 0.14
,MgO 7.43 7.54 7.09 7.69 7.97 7.49 7.78 7.64 7.27 7.08 7.37 7.24 7.18 7.00 6.11 7.63 5.38 7.20
‘Ca0 12.13 12.22 12.23 12.04 12.18 12.33 12.34 12.08 11.66 11.36 11.80 11.64 11.50 11.54 12.41 11.93 13.86 12.62
Naz0 2.66 2.55 2.60 2.50 2.58 2.54 2.53 2.55 2.82 2.57 2.86 2.86 2.87 2.82 | 2.51 2.91 1.79 2.06
K20 0.31 0.36 0.31 0.29 0.39 0.40 0.34 0.42 0.26 0.28 0.22 0.29 0.33 0.37 0.19 0.11 0.06 0.08
P20y 0.20 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.20 0.20 0.20 0.20 0.20 0.05 0.05 0.10 0.10 : .
Ha0+t 0.58 0.35 0.43 0.12 0.02 0.20 0.56 0.14 0.06 0.32 0.03 0.22 0.15 0.25 0.22 0.54 -0.22 ~0.35
H20™ 0.41 0.27 0.41 0.19 0.15 0.15 0.43 0.21 0.11 0.21 0.11 0.12 0.12 0.17 0.07 0.05 0.08 0.12
Total 99,58 99.74 99.89 100.40 100.15 100.67 160.27 100.38 99.05 99.78 99.55 99.82 98.94 99.26 99.72 100.10 99.5% 9%8.74
FeO*/MgO 1.06 1.03 1.07 1.13 0.99 1.06 0.99 1.11 1.27 1.35 1.20 1.27 1.30 1.36 1.29 1.22 0.82 0.88
Rb 5.0 6.0 5.0 5.0 7.0 7.0 6.0 9.0 6.0 5.0 4.0 6.0 7.0 8.0 4.0 3.0 2.5 3.0 ot
Sr 191 190 211 175 181 217 184 178 185 158 185 184 185 181 141 131 127 116 R
Ba 45 70 70 64 64 70 70 58 27 42 30 27 217 30 24 26 15 15 K
v 2317 246 239 239 249 236 237 230 268 272 270 275 257 263 223 258 124 175
Cr 303 308 306 292 305 300 294 300 200 253 208 204 205 225 140 259 207 282
Co 46 46 43 41 43 44 46 45 41 42 40 41 39 40 36 43 23 33
Ni 119 128 120 104 114 116 118 114 84 100 71 76 70 92 73 71 101 124
Cu 71 71 69 68 70 73 68 70 72 61 60 70 16 70 65 94 50 67
Zn 76 15 74 17 74 76 73 13 81 88 80 79 79 81 66 15 44 60
o
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TABLE 3b

Bulk rock analyses for the N15 segment

Station K4
Sample 1
Lava type 2-1V
Hode A
5102 51.20
Ti02 1.53
A1,03 14.24
Fez03 11.20
MnC 0.19
Mgo 6.90
Ca0 11.19
Na20 2.90
K20 0.17
PzO§ 0.l0
H20 ~0.50
Ha0~ .11
Total 99,23
FeO*/Mg0 1.43
Rb 4.5
Sr 130
Ba a5
v 250
Cr 135
Co 40
Ni 50
Cu 88
in 86
Statlon K12
Sample 1
Lave type 2-1
Mode HPH
5102 $0.00
Ti02 0,95
Al203 17.38
Fe203 8.70
MnO 0.17
Mg0 7.35
Ca0 12,35
Nag0 2.39
K20 0.11
2205 6.05
Hz0 ~0.44
Hp0~ 0.06
Total 99.07
FeD*/MgO 1.04
Rb 3.0
Sr 145
Ba 43
v 166
Cr azz
Co 40
Hi 88
Cu 86
Zn 64

14.35
11.15

K4

3
2-1v
SA

11.22
0.17

K12
3
2-1

48.30

0.12

K4

4
2-1v
E1.8

51.60
1.51
14.27
11,22
0.19
7.04
11.16
2.88
0.13
0.10
-0.73
0.05
99.42

1.40

K12
4

2-1
MPH

48,00

16.26

12.02

K4

5
2-1v
SA

50.50
1.50
14.80
10.80
0.18
7.11
11.35

K4
6

2-1v
SA

51.20
1.57
14.20
11,14
0.19
6.93
11.08
2,89
0.18
0.10
~0.43
0.17
$9.22

7.48

K6A
1

2-111
SA
50.30

10.54

10,64

0.35

K4A

45.80

10.69

15,08

K4A

49.25
1.3%0
15.70
3.24
0.13
7.30
10.65

0.78
0.35

K4B
1

51,30

14.23
11.32

16.82

KB

2
2-vi
SA

51,50
1.44
13.92
12.51
0.21
6.67
10.98
2,97
0.20
0.12
~0.44
0.14
100.22

1.65

5.0
113

33
213

K6

2-711

51.40

14,43
11.22
0.18
7.43
11.28
2.33

~0,62

K8

2-v1

51.50

13.48
12032

Ké

[
2-111
SA

51.20
1.42
14.41
11.55
0.18
7.64
11,68
2.39
0.10
0.10
~0.56
0.14
100,25

11.9%0

k8
6

2-VI1I
SA

50.15
2.48
13.92
12.71
0.20
6,76
11.03
2.85
0.21
0.10
~0.50
0,17
100,08

s3

03
2-11
MPH
50.00
1.10
17.27
8.85
0.15
7.26
13.06
2.37
0.06
0.08
~0.23
0.12
100.06

k9

1
2-111
MPH

50.35
1.34
14.67
11.08
0.172
7.38
11.84
2.75
.13
0.10
-0.09
0.11
99.83

12.99
2.36

K9

2
2-111
MPH

50.50
1.52
14.78
10.99
0.17
7.48
11.97
2.76
0.13
0.10
-0.43
0.10
100,07

1.29

95.76
1.12

2.5
112
32
213
296
37
80
86
66

13.43

K9

4
2-111
MPH

50.75

1.41
14.44
11.18

50,20
1,59
15.70
11.21
0.18
6.41
12.02
2.34
0.11
0.08
=-0,50
0,09
99.43

1.54

2.97

s3
08
2-v
MPH

50. 60
1.66
14.59
12,29
.13
6.53
11,67
2.3%
0.13
0.10
~0.30
0.18
100,03

1.66

3.0

0.15
12.97
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TABLE 3¢
Bulk rock analyses for the N-S segment v
Station 52 82 54 54 54 54 sS4 s4 S4 sS4 sS4 54 K14 K14 Ki4 K14 K14 K14 K15 K15 K15 K15 K15 |
Sample 1 2 01 02 03 04 05 06 07 08 09 10 1 2 5 6 8 10 2 S 7 8 9
Lava type 3-III 3-III 3-IT 3-I1 3-I1 3-11 3-11 3-11 3-11 3-11 3-11 3-IT1 3-11 3-11 3-1I 3-1v 3-11 3~-IV 3-IIT 3~-III 3-III 3-Ii1 3-I1I
N Mode MPH SA . SA SA SA SA SA SA sA SA SA SA SA SA SA A SA A SA 5A SA SA SA
* siop 50.35 50.00 50.00 49.00 49.50 49.75 49.95 49.80 49.90 50,00 48.75 50.00 49.80 50.50 50,30 50,30 50.00 S50.00 49.20 49.70 4%.75 49.75 49.25
T107 1778 "1079 "i.59 1.53 1.55 1.56 1.57 1.48 1.50 1.56 1.58 1.55 1.54 1.58 1.4 1.80 1.48 1.80 1.82 1.2 1.89 1.85 1.78
A1203 14055 14.48 14.92 14.88 14.88 14.93 14.92 14.61 14.87 14.87 14,93 14.89 14.43 14.22 14.38 14.25 14,10 14,20 14.80 14.76 14.79 14.95 14.36
Fe203 11,68 11.83 11.65 11.59 11.72 11.66 11.52 11.91 11.64 11.75 11.56 11.67 12,20 12,17 12.14 12.40 12.40 12.37 11.69 11.75 11.69 11.75 11.81
¥n0 o'is o018 ©0.18 0.19 ©0.18 o0.18 0.8 0.19 0.i8 0.18 0.18 0.18 0,19 0.19 0.19 0.1 ©6.19 0,19 0.16 0.18 0,18 0.18 0.18
MgO 689 .12 7.40 7.71 71.78 7.80 1.73 7.85 7.84 7.81 7.89 7.87 7.74 1.77 7.82 7.30 7.84 7.30 7.73 7.3 7.69 1.71 7.77
. cao 1143 11.45 1212 12.19 12.19 12.15 12.06 11.21 12.06 12.10 12,17 12.23 11.69 11,73 11.72 11.21 11.74 11.21 11.47 11.45 11.39 11.37 11.6l .
! Na20 2055 2052 2.46 2.50 2.52 2.51 2.49 2.44 2.4 2.49 2.53 2,52 2,31 2,32 2,31 2.59 2.34 2.56 2.65 2.65 2.69 2.67 2.67
Kp0 0.20 0.21 0.07 0.06 0.07 0.07 0.07 0.10 0.07 0.07 0.07 0.07 0.09 0.09 0.09 0.22 0.10 0,22 0.16 0.16 0.16 g.16 0.16
2205 010 0.10 ©0.10 0.10 o0.10 0.10 0.10 0.10 ©0.10 ©0.10 0,10 0,10 ©0.10 0,08 0,10 0.20 0.12 ©0.15 0.20 0.20 0.15 0.15 0.20
H20 _0.28 -0.32 -0.80 -0.88 -0.68 -0.64 -0.64 «0.60 ~-0.68 -0.72 -0.65 -0.53 -0.83 -0.64 =-0.82 ~0.64 -0.64 -0.64 -0.50 -0.62 -0.52 -0.33 -0.33
H20~ 0.12 0.15 0.07 0,07 0.10 0.10 0,11 0.03 0.09 a.08 0.08 0.07 0.04 0.06 0,04 0.07 0.06 0,05 0.11 0.07 0.07 0.12 0.11
Total 99.66 99,51 99.76 99,00 99,91 100.17 100.06 99.12 100.06 100.29 99.13 100.62 99.30 100.07 99,75 99.89 99.73 99.73 99.51 99.85 99.93 100.13 99,57
Feos/MgO  1.47 1.46 1.39 1.31 1.33 1.32  1.31 1.34 1.31 1,32 1.29 1.30 1.3% 1.38 1.37 1.43 1.39 1.49 1.33 1.30 1.34 1.34 1.3
Rb 3.6 4.5 2.0 2.0 2.0 2.0 2.0 2.4 2.0 2.0 2.0 20 30 35 30 S50 35 55 35 35 35 3.5 3.5
B Sr 117 117 96 94 94 96 96 95 93 96 97 96 84 B84 83 141 83 141 117 116 118 118 120
! Ba 20 20 40 25 30 23 17 10 17 30 35 25 20 20 30 49 15 40 20 20 20 25 20
v 295 .300 292 294 285 287 291 300 285 290 291 293 300 307 305 306 312 298 291 301 289 292 280
. Cr 232 232 299 295 297 295 297 315 297 297 295 297 272 272 273 137 284 148 264 265 265 262 268
. ‘Co 44 43 44 44 43 43 44 45 44 44 44 4 a1 40 42 40 43 44 40 39 40 10 a2
' Ny 106 104 92 97 94 93 93 102 93 94 93 94 98 98 98 69 100 71 101 101 103 104 104
Cu 78 79 71 71 71 7 73 68 91 72 72 75 76 7 73 68 76 69 . 69 70 7n 70 69
Zn 99 99 87 87 86 85 B5 89 86 86 86 86 95 94 93 97 96 97 a3 92 95 91 92
Station K15 K15 SDT SDT sDT sDT SDT 5DT sDT ST 50T SDT 51 51 51 S81 51 s1 51 s1 s1 51 s1
Sample 10 13 01 02 03 04 05 06 07 08 09 10 01 02 03 04 Qa5 06 07 08 a9 10 11
Lava type 3-II 3-III 3-11 3-11 3~I1 3-I1II 3-11 3-11 3-11 3-11 3-1I1 3-I1 3-1I 3-11 3-I1 3-11 3-I1 3-I1 3-I1 3-I1 3-11 3-1I 3-11
Mode SA SA A sA SA A SA SA SA SA SA SA SA SA SA SA SA - SA SA SA SA SA SA
. sioz 50.00 49.50 43.80 50.55 50.20 49.20 50.00 50.20 49.50 49,80 49.75 50,25 50.20 50.20 50.00 50.50 50.60 50.60 50.00 50.10 50.50 50.00 50.50
I T10) 1058 1.88 1.61 1.38 1.37 1.80 1.47 1.42 1.4¢ 1.36 1.38 .34 1.53 1.54 1.54 1.67 1,63 1.54 1.53 1.55 1.55 1.66 1.66
= Al203 14039 13.79 14.43 14.86 14,71 14.04 14.54 14.59 14.65 14.66 14.51 14.65 14.58 14.49 14.51 14.13 14,15 14.47 14.53 14.38 14.50 14.06 14.11
. Fe203 11030 12.80 11.79 11.07 11,03 1i.76 11.17 11.18 11.25 11,21 1i.21 11.16 11.32 11.53 11.61 12.15 12.03 11.52 11.40 11.31 11.33 12.15 12.05
Mn0 019 0.20 0.19 0.18 ©0.18 0.19 0.8 0.18 0.18 o0.18 0.8 0.18 0.18 0.1 0.18 0.19 0.19 0.19 0.20 0.20 0,20 0.15 0.1%
g0 2974 7,45 7057 7.86 7.83 7.55 7.89 7.81 7.86 7.88 7.84 7.92 7.85 7.76 7.85 7.51 7.51 7.74 7.85 7.86 7.73  7.44  7.47
; cao 11011 11.60 12.56 12.72 12.7¢ 12.30 12.68 12.62 12.59 12.53 12.55 12.57 12.26 12.04 12.06 11.70 11,74 11.93 12.06 12.01 11.99 11.68 11.77
Nag0 292 2051 2.47 2.35 2.21 2.584 2.34 2.36 2.35 2.37 2.3 2.34 2.51 2.55 2.53 2,58 2.56 2.55 2.52 2.50 2.51 2.54 2.5
K20 6,15 ©0.05 0.11 0.08 0.08 0.14 ©0.09 0.10 0.10 0.10 0.08 0.08 0.10 0.09 ©0.08 0,09 0.10 0.08 0.07 0,07 0.08 0.09 0.10
P203 015 0.1z 0.10 0.10 0.0 9.10 0.10 0.i6 0.10 0.10 0.0 0,10 0.1 ©0.10 ©0.10 0.0 0.10 0.0 0.16 0.10 0.10 0.10 0.10
H20 -0.69 -0.89 -0,57 ~0,78 -0.52 -0.29 =-0.60 -0.48 -0.47 ~0.39 -0.79 -0.68 -0.47 -0.59 -0.75 =-0.75 =-0.69 -0.79 -0.84 -0.83 -0.79 -0.64 -0,58
H20" 0,06 0.08 0.09 0.05 0.06 ©.20 0.06 0.0 0.11 0.12 0.06 0.06 0.08 0.06 0.03 ©.05 0.06 0,04 0.02 0.02 0.03 0.03 0.10
Total 99710 99.17 100.09 100.42 99.99 99.53 99.92 100,18 99.66 99.92 99.23 99,97 100.24 99.95 99.74 99,92 ~99.98 99.97 99.44 95.27 99.73 99.36 100.05
FeotsMgo  1.31 1.50 1.37 1.24 1.24 1.37 1.25 1.26 1.26 1.25 1.26 1,24 1.27 1.31 1.30 1.42 1.1 1.31 128 1.27 1.29 1.4 1.42
Rb 4.6 3.0 2.5 2.0 2.0 2.5 2.0 2.0 2.0 2.0 20 2.5 2.0 20 20 2.0 2.0 20 20 20 2.0 2.0 2.0
sr 116 95 113 165 105 111 104 104 104 104 104 104 112 110 112 106 108 111 12 112 112 105 107
Ba 66 10 20 23 30 23 15 20 25 17 23 14 30 25 20 17 17 17 10 10 10 20 20
v 270 340 302 282 287 308 290 285 285 280 263 266 280 294 285 234 296 285 278 281 278 300 303 -
cr 290 224 240 201 200 241 197 197 197 19  1les 196 298 278 277 213 224 272 287 289 290 225 233 B
Co 44 42 43 43 42 44 44 42 44 44 44 46 44 44 44 44 43 44 43 43 44 44 43 o
Ni 105 83 71 80 79 72 75 8 79 83 78 80 93 91 90 74 79 86 89 89 88 72 70 m
Cu 74 69 82 82 82 80 83 88 81 81 86 81 7 82 80 16 84 83 88 81 81 77 73 1A
in 89 102 86 81 82 88 82 80 a1 82 81 80 80 84 84 89 90 83 81 80 81 91 89 g
jul
>
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TABLE 3d

Bulk rock analyses for the 174E segment

Station K21 K21 K21 K21 K21 K21 K21 K23 K23 K23 K23 K23 K23 K23 K22 K22 K22 K22DT
2

NISVE Ifld HLYON FHL 40 AYLSINTHOOID ANV AD0T0U13Ad

Sample 1 2 6 8 27 28 29 14 15 16 17 18 19 20 1 2 3

Lava type 4-I  4-I  4-I  4-I  4-I  4-I  4-I 4-II 4~II 4-II 4-IT 4-II 4-II 4~II 4-IV 4-IV  4-IV  4-III
Mode sA sA SA SA SA Sa SA  MPH  MPH SA SA SA SA  MPH  MPH  MPH SA sa
$102 48.50 48.20 49.00 49.00 49.40 49.20 48.30 50.40 50.00 51.40 50.20 49.50 49.80 49.75 52.45 51.85 52.65 50.60
T103 2.26 2.25 2.29 1.80 1.81 1.99 1.94 1.40 1.40 1.50 1.49 1.49 1.41 1.40 1.17 1.19 1.22  1.57
Al203  15.40 15.27 15.35 15.37 15.51 15.38 15.30 15.50 15.10 14.90 15.35 15.00 15.66 15.10 15.48 15.30 15.60 14.40
Fe203  10.39 10.38 10.42 10.26 9.92 10.25 10.20 9.56 9.98 10.64 11.00 10.64 10.24 10.51 9.85 10.10 9.80 10.79
MnO p.18 0.18 o0.18 ©0.18 ©0.17 0.17 0.18 0.17 0.18 0.18 0.26 0.2l 0.20 0.18 0.17 0.17 0.16  0.18
MgO 9.00 8.93 9.11 9.42 9.32 9.32 9.41 7.20 7.53 17.39 7.46 7.81 1.76 1.73 5.50 5.70 5.55  6.50
ca0 10.16 10.08 10.12 10.47 10.39 10.44 10.46 12.51 12.27 11.90 11.57 11.97 12.09 12.15 10.42 9.94 10.15 11.03
Na0 3.02 3.07 3.04 2.88 2.95 2.83 2.86 2.59 2.47 2.47 2.36 2.42 2.30 2.44 3.18 3.18 3.17  2.80
K20 0.42 0.43 0.41 0.37 0.39 0.40 0.37 0.14 0.12 0.67 ©0.21 0.13 0.07 0.14 0.45 0.46 0.46  0.30
P205 0.25 0.25 0.25 0.25 0.20 0.25 0.25 0.05 0.08 0.08 0.10 0.10 0.10 0.10 0.12 0.12 0.10  0.10
Hp0* -0.14 0.07 -0.14 =-0.11 =0.19 -0.03 =-0.15 0.29 =-0.25 -0.53 0.53 =-0.03 -0.27 =-0.13 0.83 1.01 0.67  0.55
Ho0™ 0.07 0.06 0.21  0.23

Total 99.44 99.11 100.03 99.89 99.94 100.20 99.12 99.87 99.88 100.60 100.53 99.24 99.36 99.37 99.62 99.02 99.74 99.05

FeO*/Mg0 1.02 1.02 1.01 0.96 0.94 0.97 0.95 1.17 1.17 1.17 1.30 1.20 1.16 1.20 1.58 1.56 1.55 1.46

Rb 6.9 7.0 7.2 6.2 7.0 6.6 6.4 3.0 2.8 2.2 4.3 3.4 2.0 3.6 6.5 6.3 7.0 5.5
Sr 254 252 253 250 240 246 250 113 115 120 127 122 118 115 360 358 336 148
Ba 100 60 60 80 60 70 80 36 50 50 50 60 60 60 80 100 61 36
v 305 250 250 250 256 250 250 268 280 260 240 260 250 265 260 260 257 280
Ccr 293 298 226 299 . 286 231 300 231 236 273 269 258 267 237 7 5 3 151
Co 41 41 41 42 43 41 43 41 41 40 42 42 39 39 a3 33 35 40
Ni 178 174 182 184 190 184 184 15 69 70 70 68 72 56 25 25 31 62
Cu 51 51 51 52 54 54 57 80 7 15 85 76 64 73 100 93 98 76

Zn 81 m 80 13 75 76 76 79 88 89 88 79 7 80 78 19 75 83

1314
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TABLE 4a

J.-P. EISSEN ET AL.

Electron microprobe glass analyses for the N160 and 174E (last two columns only) segments. Major and minor
elements in glass rims in a few samples from the North Fiji Basin. Analysis performed on the CAMEBAX
microprobe at the IFREMER Centre at Brest (analysts J.P. Eissen and M. Bohn). FeO* =total iron expressed as
FeQ. Fo% and An% =calculated forsteritic content (for Kp=10.3) of the olivine and anorthite content (for Kp=
1.3) of the plagioclase, respectively, at equilibrium with this magmatic composition

Station 55 s5 s5 s5 S5 K29 K29 K5 KS K21  X22
Sample 01 02 03 04 05 3 5 1 2 27 3
Lava Type 1~III 1-III 1-III 1-III 1-111 1-1v 1-1Vv 1-I 1-I 4-I 4-1V
Mode MPH PH MPH MPH MPH MPH  MPH  HPH  HPH SA  MPH
510 49,55 50,41 50.17 49.74 50.01 51.38 50.83 48.91 48.77 50,11 54.04
Ti02 1.53 1.86 1.63 1.4% 1.56 1.64 1.83 1.06 1.02 1.78  1.19
A1203 14.85 15.01 15.43 15.61 15.49 13.96 14.15 17.11 17.29 15.81 15.11
Fe0 * 10.15 9.93 9.86 9,75 9.72 9.14 9.63 8.25 8.04 6.90 8.03
MnO 0.20 0.24 0.15 0.15 0.16 0.30 0.29 0.17 0.16 0.22  0.26
Mgo 7.83  7.43 7.6 8.31 7.77 7.02 7.10 9.34 9.63 8.04 5.25
cao 12.03 11.48 12.03 12.14 12.33 11.66 12.01 12.10 11.94 10.89  9.68
Naz0 2.80 2.3% 2.60 2.3¢ 2.63 2.88 2.99 2.78 2.77 2.99  3.03
K20 0.08 ©0.30 0.28 0.22 0.28 0.17 0.16 0.07 0.07 0.33  0.29
P20s5 0.08 0.27 0.16 0.12 0.15 0.02 0.01 0.06 0.06 0.03  0.01
crz03 0.05 0.02 0.01 ©0.01 0.01 0.02 0.01 0.03 0.03 0.00  0.01
Total 99.15 99,36 100.00 99.88 100.12 98.18 99.07 99.88 99.78 97.11 96.90
FeO*/Mg0 1.30 1.34 1.28 1.17 1.25 1.3¢ 1.36 0.88 0.83 0.86 1.53
Fot 82.1 82.6 82.3 83.5 82.6 82.0 81.3 87.1 87.7 87.4 79.5
An$ 75.5 77.6 16.9 78.9 7.6 14.4 74.3 15.8 15.6 72.3  69.6
Type 1-IV: Moderately phyric to sub-aphyric which are similar to those of the other NFB

basalts with plagioclase, olivine and clinopyroxene
from site K29. These lavas are dominantly com-
posed of euhedral to skeletal microphenocrysts,
with isolated occurrences of plagioclase and the
occasional olivine phenocryst. They are moder-
ately evolved lavas, with medium FeO*/MgO
(12940.05) and relatively high TiO,%
(1.7940.04), and low Cr (216+18 ppm) and Ni
(82+ 11 ppm) contents (Table 3a).

Mineralogical assemblages and geochemistry
show that the basalts of type 1-IV are more
evolved: they all reached the invariant point of
low-pressure  (<1kbar) co-crystallization of
plagioclase + olivine+ clinopyroxene (Bender et al.,
1978; Presnall et al., 1979; Walker et al., 1979).
This is not the case for the majority of samples
from the other basalt types. The four groups could
be well distinguished on some FeO*/MgO varia-
tion diagrams (Fig.3a). The highly phyric basalts
from station K5, with their lower FeO*/MgO
ratio, often show element contents which differ
from the others with their element dilution or
concentration consequent upon plagioclase enrich-
ment. At a similar FeO*/MgO ratio, basalts from

station K17 show TiO,% and K,0% contents

basalts, whereas, also at a similar FeO*/MgO
ratio, basalts from stations S5 and K29 exhibit
Ti0,% and K ,0% contents which are higher than
those of the other NFB basalts. The K17, S5, K29
and K5 basalts line up in two separate groups,
along a fractional trend parallel to the one ob-
served for the other NFB basalts. The limited
alteration is not strong enough to explain the
K,0% gain, which could correspond to a smaller
degree of partial melting of the mantle source and/
or to a different mantle source.

NI15 segment

Six stations were established along this 160 km
long segment (Fig.2). The northernmost station is
just south of the triple junction area, the southern-
most one near the propagating rift tip; all others
occur in the recently active volcanic spreading zone
(Table 1). Several deposits or indications of hydro-
thermal activity are now known all along this
segment, especially near 17°S (Auzende et al.,
1988b; Auzende et al., this issue) and 18°10'S
(Craig and Poreda, 1987). Some basaltic samples
collected close to these hydrothermal sites have

PETRO,




TABLE 4b

Electron microprobe glass analyses for the N15 segment. For details, see Table 4a

Statlon K4
Sample 1
Lava Type 2-IV
Mode A
5102 50.15
T102 1.50
Al203 15.34
Fe0 * 10.02
MnO 0.17
Mgo 7.56
cao 11.58
Na20 3.39
K20 0.12
P205 0.10
Cr203 0.02
Total 93.94

Fe0*/Mg0 1.33

Fo% 81.8

An% 81.0
Station K9
Sample 4
Lava Type 2-III
Mode MpH
s102 48.58
T102 1.92
Al203 18.01
FeQ * 6.83
MnO 0.13
Mgo 8.63
Ca0 10.83
Na20 2.52
K20 0.70
P205 0.33
Crz03 0.02
Total 98.61

Fe0*/Mg0  0.79
Fo% 88.2
An% 75.5

K4

2
2-1v
A

50.25
1.51
15.03
9.32
0.20
7.70
11.60
3.29
0.13
0.10
0.01
83.73

K4

3
2-1v
Sa

50.04
1.53
14.99
9.68
.22
7.31
11.59
3.14
0.11
0.12
0.02
98.76

K4

4
2-1v
SA

50.22
1.55
15.11
9.74
0.21
7.44
11.67
3.27
0.13
0.13
0.02
99.48

K4

5
2-1V
SA

50.30
1.51
14.91
9.86
0.16
7.67
11.52
3.29
0.14
0.12
0.02
99.49

K4

6
2-1Vv
S5A

50.34
1.52
15.01
9.98
0.21
7.65
11.71
3.43
0.10
0.11
0.02
100.08

K4

7
2-1v
A

50.48
1.54
14.98
10.08
0.19
7.82
11.67
3.04
0.11
0.10
0.02
100.03

K4

8
2-1v
A

49.87
1.53
15.31
9.88
0.17
7.47
11.47
3.42
0.12
0.12
0.02
99.38

K4

9
2-1V
A

49.93
1.54
15.05
9.66
0.21
7.48
11.56
3.34
0.11
0.12
0.02
99.03

K4A

K4A

K4B
1

A

49.65
1.10
15.714
8.88
0.15
10.03
12.56
1.92
0.08
0.08
0.06
100.24

K4B

5A

48.42
2.00
18.05
6.80
0.14
9.01
11.07
2.43
0.78
0.29

99.02

K8

2
2-vI
SA

50.04
1.45
14.84
9.78
0.16
8.57
12.19
2.57
0.11
0.10
0.02
99.83

K8

3
2-v1
5A

50.66
1.07
15.88
8.717
0.17
9.13
12.21
2.36
0.06
0.07
0.06
100.44

K9

1
2-111
MPH

56.27
1.48
15.04
9.91
0.19
8.63
12.36
2.49
.09
0.10
0.02
100.56

K9

2-I11
MPH

48.83
1.64
16.20
8.62
0.16
9.47
11.53
2.44
0.25
0.15

99.34

53
02
2=-v
MPH

50.88
1.72
13.92
12.23
0.20
6.98
11.69
1.96
0.09
0.11
g.01
99.77
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TABLE 4c ; “
Electron microprobe glass analyses for the N-S segment. For details, see Table 4a
station 52 s4 s4 s4 s4 s4 K14 K14  KI4  Ki4 K14 K14  Ki4 KI5 KI5 KI5 KI5 KI5 KI5 KIS
sample 2 01 02 03" 04 05 1 2 5 6 7 8 10 2 5 6 7 8 9 10
lava Type 3-II1  3-IT 3-II 3-I1 3-II 3-I1 3-II 3-II 3-I1 3~IV 3-II 3-II  3~IV 3-III 3-IIT 3-IIT 3-III 3-III 3-III 3-II
Mode MPH SA sA SA sa sa sA sa SA sA sh SA A sa sa sa sa sa sA SA
510, 50.92 51.21 50.50 50.28 49.67 49.80 49.49 49.36 49.77 49.86 49.37 49.43 49.35 48.95 48.80 48.68 48.91 48,92 49.29 49.04
T102 1.84 2.11 1,53 1.51 1.44 1.43 1.48 1.48 1.51 1.73 1.49 1.50 1.72 1.85 1.84 1.82 1.85 1.82 1.85 1.81
A103 14.34 13.14 14.60 14.59 15.12 14.83 15.07 15.20 14.86 14.93 15.09 15.26 15.07 15.66 15.60 15.27 15.30 15.52 15.46 15.48
FeoO * 11.82 12.42 10.22 11.07 10.71 10.79 10.27 10.36 10.52 10,64 10.29 10.21 10.32 9.79 9.95 9.93 10.19 10.01 10.01 9.99
Mno 0.19 0.26 0.27 0.18 0.18 0.17 6.18 0.20 0.22 0,17 ©0.18 0.18 ©0.19 0.13 0.19 0.20 0.24 0.19 0.20 0.18
Mgo 7.02 6.38 7.06 7.92 7.92 -7.76 8.17 8.28 8.13 7.37 8.23 8.04 7.60 7.83 7.91 8.01 7.92 7.98 8.09 6.19
cao 11.18 10.88 11.58 12.10 12.09 12.19 11.76 11.71 11.68 11.34 11.56 11.68 11.24 11.55 11.38 11.32 11.32 11.37 11.27 11.34
Naz0 2.08 2.61 2,66 2.43 2.47 2.4} 2.56 2.55 2.68 2,73 2.64 2.49 2.80 2.86 3.01 2.94 2.95 2.89 2.93 2.98
K30 0.14 ©0.1% 0.31 ©0.08 0.07 0.07 0.07 0.08 0.08 0.20 0.07 0.08 ©0.19 0.17 0.13 0.14 0.1z 0.13 0.15 0.13
P05 0.12 ©0.23 ©6.29 0.09 0.10 0.10 ©0.10 0.10 0.09 0.14 0.09 0.08 ©0.14 0.15 0.15 ©0.15 0.13 0.14 0.14 0.15
Crz03 0.01 0.01 0,02 ©0.01 0.01 0.01 0.02 0.02 0.02 0.0l 0.02 0.03 0.02 0.03 0.03 0.04 0.02 0.03 0.04 0.04
Total 99.66 99.43 99.05 100.24 99.78 99.57 99.16 99.28 99.56 99.11 99.03 98.98 98.63 98.97 99.00 98.50 98.96 99.00 99.43 99.34
:FeO*/Mg0 1.68 1.95 1.45 1.40 1.35 1.39 1.26 1.24 1.29 1.44 1.25 1.27 1.36 1.25 1.26 1.24 1.29 1.25 1.24 1.22
Fo% 77.9  75.3 80.4 81,0 B1.5 81.0 B82.5 82.7 82.1 80.5 82.6 B82.4 8l.4 82.6 82.5 82.7 82,2 82.6 82.8 83.0
Any 79.4 5.0 75.8 78.1 7.8 78.4 76.7 76.7 75.8 75.0 76.0 77.1 74.3 74.4 73.1 73.5 73.4 73.8 73.4 73.2
Station SDT  SDT  sSDT  SDT  SDT  SDT  SDT  SDT s1 s1 51 s1 51 s1 s1 s1 s1 GT
Sample 01 02 03 04 05 07 09 10 o1 02 03 04 05 06 07 08 09 104
Lava Type 3-II 3-II  3-II 3-III  3-If 3-II 3-If 3-II 3-II 3-II 3-IT 3-II 3-IT 3-II 3-II 3-II 3-II  3-I
Mode A 7 sa A sa sa sA sa sa 7 SA SA sA sa sa SA sA SA
5107 50.01 50,05 50.31 50.67 .50.72 50.45 50.25 50.97 51.00 50.14 50.09 50.08 49.85 50.60 50.28 50.25 50.42 49.87
T10; 1.59 1,40 1.44 1,65 1,31 1.29 1.28 1.50 1.16 1.75 1.38 1.57 1.57 1.45 1.44 1.42 1.36 1.32
A1203 14.33 14.47 14.56 14.54 14.56 14.61 14.65 14.20 17.56 15.02 14.86 14.40 14.31 14.95 14.98 15.06 13.76 14.86
FeO * 10.10 9.76 10.01 10.28 9.89 9.82 9.77 10.24 8.34 9.82 10.43 11.44 10.94 10.17 10.06 10.06 10.37 9.03
Mno 0.20 0.20 0.17 0.16 0©0.17 ©0.17 ©0.17 0.21 0.21 0.19 0.18 0.18 0.20 0.18 0.16 0.17 0.15 0.20
Mgo 7.69 7,87 7.87 7.76 7.84 7.84 7.89 7.80 5.39 7.40 8.02 7.35 7.58 7.98 8.16 7.96 8.17 B.14
cao 12.15 12.63 12.54 12.36 -12.52 12.38 12.52 11.68 12.37 11.45 12.25 11.95 12.16 11.95 11.93 12.05 11.91 12.75
Naz0 2.68 2.68 2.56 1.99 2.40 2.64 2.55 2.67 2.65 2.70 2.48 2.58 2.50 2.47 2.62 2.55 2.46 2.76
K20 0.10 0,09 0.09 ©0.09 0.10 0.09 0.09 0.08 0.08 0.29 0.08 0.09 0.09 0.09 0.09 0.08 .09 0.06
P305 0.10 0.09 ©0.09 0.10 0.09 ©0.10 ©0.09 0.00 0.11 0.24 0.09 ©0.10 0.12 0.11 0.11 ©0.11 0.00 0.08
cry03 0.03 0.03 0.03 0.04 0.03 0.04 0.03 0.00 0.01 0.02 0.01 0.01 0.01 0.04 0.04 0.05 0.00 0.05
Total 98.98 99.26 99.66 99.65 99.63 99.42 99.30 99.35 98.89 99.01 99.88 99.74 99.32 100.00 99.87 99.76 98.69 99.11
FeO*/Mgo 1.31 1.24 1.27 1.32 1.26 1.25 1.24 1.31 1.55 1.33 1.36 1.55 1.44 1.27 1.23 1.26 1.27 1.11 -
Fos 81.9 82,7 82.4 81.8 82.5 82.6 82.7 81.9 79.4 8l.8 82,0 79.3 B80.4 82.3 82.8 82.5 82.4 84.3 5
An% 76.5 7.2 77.9 81.7 78.9 77.1 7.9 75.9 77.0 15.3 78.0 76.9 77.8 7.6 76.6 17.3 T7.7 76.9 "
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PETROLOGY AND GEOCHEMISTRY OF THE NORTH FIJI BASIN

been altered by hydrothermal circulation. This
alteration is relatively weak in samples K6A-1, 2,
and 3 and in K4A-4 and 1, and no mineral
transformations are present; however, hydration
in some samples results in K,0%, Rb, Sr and Ba
increases (Table 3b). In samples K4A-3, 7 and 2,
this high temperature alteration is more penetra-
tive. Even though plagioclase crystals are still not
altered, the vesicle fillings, hydration, and the
K,0%, Rb, Sr and Ba increases are much more
significant than in the samples previously men-
tioned and the Fe, 05 content decreases drastically
(Table 3b). However, microprobe glass rim analy-
ses for samples K4A-4 and 7 (Table 4b), show that
this alteration is not always complete. Few other
samples have been strongly transformed by low-
temperature alteration, and they have a strong
enrichment in volatiles and in K,O (samples K 12-
2, 3 and 4, with H,O* >0) (Table 3b). All these
altered samples have been discarded from most of
our geochemical comparisons. Samples from sta-
tion S3 (Fig.2) have been weakly altered at low
temperature, as observed in some samples from
the N160 segment.

The petrography of the 53 basaltic samples
collected along the N15 segment is highly variable:
they vary from aphyric to highly phyric basalts,
and show large variations in their mineralogical
assemblages. The range of their bulk rock
(Table 3b) and glass rim compositions (Table 4b)
is also much wider (Fig.3a) than those from the
N160 and N-S segments. The seven following lava
types are distingui'shed:

Type 2-I. Moderately phyric basalts with
plagioclase-+ olivine from station K12. These lavas,
which are actually thin lava crusts, have fairly
primitive bulk rock and glass compositions (Tables
3b and 4b), with low FeO*/MgO ratios
(1.11£0.04), low TiO,% contents (0.9410.04),
and relatively high Cr (312+13 ppm) and Ni
(10249 ppm) contents, even if their glass TiO,%
(1.25+0.02) content is slightly higher.

Type 2-II: Moderately phyric to phyric basalts
with plagioclase + olivine from. station S3 (03, 04,
05, 06 and 09). Despite their high crystal content,
these lavas have relatively primitive bulk rock and
glass compositions, with low FeO*/MgO ratios
(1.101:0.05), low TiO,% contents (1.13+0.04) and
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high Cr contents (303112 ppm) (Tables 3b and
4b).

Type 2-III: Sub-aphyric to moderately phyric
basalts with plagioclase+ olivine + clinopyroxene
for all samples from station K6 and some from
station K9 (1, 2, 3 and 4). These lavas have slightly
more evolved bulk rock compositions with higher
FeO*/MgO ratios (1.28 4 0.05) and higher TiO,%
contents (1.38 +0.10), although rocks from station
K6 have relatively high Cr (282410 ppm) and Ni
(89 + 16 ppm) contents. Samples from station K9
have comparatively lower Cr (166410 ppm) and
Ni (49 + 1 ppm) contents, and show bulk rock and
glass composition results which are somewhat un-
correlatable (Tables 3b and 4b), owing to the
modal mineral content.

Type 2-IV: Aphyric to sub-aphyric basalts with
plagioclase +-olivine (clinopyroxene) from sta-
tion K4. These basalts contain mainly euhedral to
skeletal microphenocrysts and the very occasional
isolated phenocryst. They have slightly more
evolved bulk rock compositions; moderately high
FeO*/MgO ratios (1.41+0.03) and TiO,%
contents (1.55+0.03), and low Cr (12843 ppm)
and Ni (5143 ppm) contents (Table 3b). The high
Cr content of sample K4-5 (247 ppm) corresponds
to the only occurrence of clinopyroxene microphe-
nocrysts at this station (Table 4b).

Type 2-V: Moderately phyric to phyric basalts
with plagioclase + olivine +clinopyroxene from
station S3 (01, 02, 07, 08 and 10). These basalts
contain mainly euhedral phenocrysts and the occa-
sional xenomorphic -phenocryst (plagioclase>
olivine>clinopyroxene) and a few microphe-
nocrysts. As demonstrated by the occurrence of
clinopyroxene, these lavas are much more evolved
than the basalts from the first group of the same
site (S3, Fig.2), with higher FeO*/MgO ratios
(1.58 £0.04), high TiO,% contents (1.6310.04),
and relatively low Cr (134+3ppm) and Ni
(5512 ppm) contents (Table 3b). These bulk rock
characteristics correlate quite well with the glass
compositions (Table 4b). )

Type 2-VI. Sub-aphyric basalts with plagio-
clase + olivine + clinopyroxene from station K8 (1,
2, 3 and 4) and K9 (5 and 6). These basalts contain
mainly euhedral to skeletal microphenocrysts and
many isolated phenocrysts and have slightly more
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evolved bulk rock compositions, with higher FeO*/
MgO ratios (1.66 +0.05), medium TiO,% contents
(1.5140.07), and lower Cr (111+4 ppm) and Ni
(4141 ppm) contents (Table 3b).

Type 2-VII. Sub-aphyric basalts with
plagioclase + olivine + clinopyroxene from station
K8 (5 and 6). These basalts contain mainly euhe-
dral to skeletal microphenocrysts but very few
phenocrysts, the latter being the only visible differ-
ence from the other samples from the same station.
In terms of FeO*/MgO ratios (1.65) these lavas
do not seem to be more evolved than the previous
group. However, their bulk rock compositions
show much higher TiO,% contents (2.48), and
lower Cr contents (92 ppm) (Table 3b). The two
glass rim analyses do not indicate any clear correla-
tion with the bulk rock analyses (Table 4b).

We have not included in this review samples
from stations K4A and K4B because they are too
altered. However, their higher TiO,% contents in
bulk rock and glass rim compositions indicate that
most are more evolved than samples from dredge
K4, which was taken in the vicinity of the deep
tows. Sample K4B-1, with a lower TiO,% content
(1.10, Table 4b), could be much less evolved. The
different groups cannot be well distinguished on
the FeO*/MgO variation diagrams (Fig.3a). Com-
pared with basalts from the other segments, they
tend to extend more towards an evolved nature,
whereas they lack the very primitive terms. The
slight scattering observed on some diagrams (SiO,,
Al,O;, Na,0 and CaO) might be the result, at
least partially, of the modal content of plagioclase
(Fig.3a).
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N-S§ segment

This segment is the longest (300 km long) and
has a regular morphology. The 49 samples, which
were collected at seven stations (Fig.2), turned out
to be more homogeneous in terms of mineralogy
and geochemistry than the basalts from the other
segments. The N-S segment basalts are sub-aphy-
ric, with plagioclase -+ olivine + clinopyroxene; they
are usually unaltered, except-at the slightly off-
axis station S2 (Fig.2 and Table 2). Compared with
basalts from the other segments, on the FeO*/
MgO variation diagrams (Fig.3b) their composi-
tion range is strictly restricted to moderately
evolved basalts.

Four groups have been distinguished in the N-
S segment (Tables 3c and 4c):

Type 3-I: Sub-aphyric plagioclase+ olivine +
clinopyroxene basalt (sample GT 104). Because of
the very small size of this sample, it was only
possible to obtain a glass rim composition of the
less evolved magma observed along the entire
length of the segment (FeO*/MgO=1.11,
Ti0,%=1.32, K,0%=0.06, P,05%=0.08,
Cr,0;3% =0.05; Table 4c), despite the fact that this
basalt has reached the four-phase cotectic.

Type 3-II' Sub-aphyric plagioclase+ olivine
(4 clinopyroxene) basalts (all samples from station
S4 and S! and some from station K14 (1, 2, 5, 7
and 8), station SDT (01, 02, 03, 05, 06, 07, 08, 09
and 10), and sample K15-10. These basalts contain
mainly euhedral to skeletal microphenocrysts of
plagioclase and olivine (plus clinopyroxene in bas-
alts from station SDT and S1), and very few
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isolated phenocrysts. Their bulk rock compositions
show intermediate FeO*/MgO ratios (1.32+0.06)
and Ti0,% contents (1.52+0.08), although they
have a relatively high Cr content (260441 ppm)
(Table 3c). Glass rim compositions (Table 4c) give
coherent results except for sample S4-01 (which
has a ferro-basaltic composition very different
from the bulk rock composition) and sample K 15-
10.

Type 3115 Aphyric to sub-aphyric plagio-
clase + olivine (+clinopyroxene) basalts (all sam-
ples from stations S2 and K15 (not sample 10),
and sample SDT-04). The basalts of station K15
contain mainly euhedral to skeletal microphe-
nocrysts and the very occasional isolated phe-
nocryst. Sample SDT-04 is almost aphyric, whereas
samples from station S2 are sub-aphyric to moder-
ately phyric plagioclase +olivine + clinopyroxene
basalts. The more phyric character of sample
S2-1 is mainly due to the coarser grain of this
pillow interior or thick lava flow. These lavas have
slightly more evolved bulk rock compositions,
with medium FeO*/MgO ratios (1.3940.06),
higher TiO,% contents (1.8240.04), and slightly
lower Cr contents (250+ 18 ppm) (Table 3¢), in
agreement with the glass rim analyses (Table 4c).

Type 3-1V: Aphyric plagioclase basalts (samples
K14-6 and 10). These basalts contain only a few
skeletal. microphenocrysts of plagioclase. They
have the most evolved bulk rock compositions,
with high FeO*/MgO ratios (1.49) and high
TiO,% contents (1.80), and lower Cr contents
(137-148 ppm) (Table 3¢) in agreement with the
glass rim compositions (Table 4c). At station K14
this variation denotes some local heterogeneity.

174E segment

On this relatively short segment (90 km long),
only four sampling stations were established during
the KAIYO 88 cruise (Fig.2 and Table 2), and
eighteen samples were studied. Some of them are
slightly altered, with palagonite and Fe-Mn hy-
droxides in vesicles and along cracks, and positive
LOI (Table 3d). Four different lava types were
distinguished, each at a different site, based mainly
on geochemical characteristics. On the FeO*/MgO

variation diagrams (Fig.3b), scattering is quite _
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important compared to the other segments, with
negative correlation for TiO,%. We will therefore
list the basalt types on the basis of increasing
FeO*/MgO ratios:

Type 4-I: Sub-aphyric plagioclase +olivine bas-
alts (station K21). These basalts have a peculiar
chemistry with a fairly primitive character, as
shown by their very low FeO*/MgO ratio
(0.984:0.03), high Cr (276 4+ 30 ppm) and very high
Ni (182 4 5 ppm) contents (Table 3d). The contents
of TiO,% (2.05+0.20), K,0% (0.4040.02) and
P,0;% (0.24 +0.02), however, are quite high, as
might be expected in an evolved lava. Despite the
presence of olivine, it seems that this lava has
dominantly, and quite abundantly, fractionated
plagioclase; however, there is very little olivine or
clinopyroxene. Further, these basalts seem to be
little altered, despite their slightly high K,0%, Rb
and Sr contents; the latter could, then, be interpre-
ted as petrogenetic characteristics.

Type 4-II: Sub-aphyric to moderately phyric
plagioclase +olivine +clinopyroxene basalt (sta-
tion K23). These basalts have a relatively primitive
composition, although four-phase multiple satura-
tion was reached. The FeO*/MgO ratio is low
(1.20£0.04), and TiO,% (1.4440.05), Cr
(253417 ppm) and Ni (69 +6 ppm) contents are
all at a medium level (Table 3d). The closest chemi-
cal equivalent of this type in the other segments
of the NFB is sample GT 104 (N-S segment;
Table 4¢) but sample GT 104 is sub-aphyric.

Type 4-I1I: Sample K22DT-2 is a slightly altered
sub-aphyric plagioclase + clinopyroxene basalt in-
termediately evolved with a medium FeO*MgO
ratio (1.47), medium TiO,% content (1.57) and
low Cr (151 ppm) content (Table 3d).

Type 4-IV: Sub-aphyric to moderately phyric
plagioclase + olivine +clinopyroxene basalts (sta-
tion K22). These are the most altered of this
segment, with clear H,0%, K,0%, Rb and Sr
gains, and extremely low Cr (542 ppm) and Ni
(27 x 3 ppm) contents; MgO% is depleted, result-
ing in an abnormally high FeO*/MgO ratio
(1.56 £0.01). On the basis of the TiO,% content
(1.1940.02), these lavas are not very evolved
(Table 3d). However, the influence of the subduc-
tion process occurring along the Hunter Ridge
might have modified the chemistry of these basalts,
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which could be intermediate between MORBs and
basic andesites.

In summary, the petrology of the basalts of the
four segments of the NFB spreading centre present
variations which range strictly in the field of bas-
altic lavas. Most of these basalts have MORB
affinities. However, homogeneous basalts from the
N-S segment clearly differ from the more varied
basalts observed on the N160, N15 and 174E
segments. In addition, the most phyric basalts
seem to be restricted to a few stations (K5, K17,
K9 and S3) of the N15 and N160 segments, and
they are all located in distinct structural contexts,
which could explain their unusually high phe-
nocryst contents. For example, station XS5
(16°53'S) which is located over recent lava flows,
from a sidescan sonar data (Kroenke et al., 1987)
and station K17 (16°48'S), have sampled basalts
erupted in the triple junction area. Station K9 is
located near the middle of the NI5 segment
(17°19'S), just in the area where the ridge starts to
rise in the direction of the triple junction. Station
S3is on a small 200 m high volcano at the southern
tip of this segment. In this zone, the spreading
ridge (which is very well defined towards the north)
disappears in an irregular area marked by several
volcanoes similar to the one sampled. Thus, there
is an apparent correlation between the morphology
of the spreading centre and the lavas it produces,
with more heterogeneous types on morphologically
complex ridges and more restricted types along
clearly defined axes.

Mineralogy

In all the 56 lavas in which minerals were
analyzed, the morphology, mutual relationships
and chemistry of the different minerals of the
basalts of the NFB spreading ridge generally ex-
hibit a “normal” evolution from mafic or calcic
phenocrysts to more evolved microphenocrysts and
microlites. During crystal fractionation, the parti-
tion of the elements between the melt and the
growing crystals follows the law of mass action,
expressed by specific partition coefficients
(Kp mineral/liquid). The calculation of the Kp’s
for some major element pairs using the glass
composition and its coexisting minerals provides
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-a guide to gross disequilibrium between phenocryst

and host glass. We used the following low-pressure
experimental partition coefficients (assuming that
XFCOLiq= 0.9x XFCO*Liq):

.. XFCOOl XMgOLiq
: =0.30
Olivine XMgO,, X XFeOy,, 0

(Roedder and Emslie, 1970)

. XFeOc,, XMgOy;,
: =(.23 to 0.27
Clinopyroxene XMzOe,e X XFeOy, 0 o0

(Grove and Bryan, 1983; Irving and Frey, 1984)

XCap y XNag;,
XNap XCayy

(Drake, 1976; Grove and Bryan, 1983)

Plagioclase: 1.2to 1.4

The clinopyroxene phenocrysts and microphe-
nocrysts are endiopside which does not evolve
much towards augitic compositions, as is fre-
quently observed in MORBs (Grove and Bryan,
1983). Their average compositions do not vary
along the different segments (Table 5a and Fig.4)
and they most commonly occur as sub-euhedral
to skeletal microphenocrysts associated in glomer-
ocrysts with plagioclase microphenocrysts and less
often with olivine. The NFB clinopyroxenes cover
the entire range of experimentally determined Kp’s
(0.23-0.27) (Table 5a) as described for some of the
Mid-Atlantic Ridge basalts near 36°N (Stakes et
al., 1985) and the Red Sea Rift basalts near 18°N
(Eissen et al., 1989). However, some clinopyroxene
microphenocrysts from sample S5-05 (N15 seg-
ment) are more evolved (Fig.4a) and in complete
disequilibrium with their host glass with
Ky's>0.50 (Table 5a and Fig.5a). Some intersertal
clinopyroxene microphenocrysts of sample S2-1
(N-S segment) are also slightly more ferrous,
which is probably the resulting of the coarser
texture of this doleritic basalt (Fig.5c)..Further,
samples K8-2, K8-3, K9-4 and K9-5 contain clino-
pyroxenes that are in general too evolved to have
crystallized from their present host glass. This fact
seems to indicate that some magma mixing oc-
curred during the genesis of these basalts, although
the magmas that mixed were probably closely
related. In contrast, several basalts contain clino-
pyroxenes which are more primitive than would
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be the case if they were in equilibrium with their
host glass. Kp's<0.20 are observed in sample S5-
02 on the N160 segment, in samples K9-1, S3-02
and S3-04 on the N15 segment, and in samples
S1-04, S2-1 (zoned phenocryst, Table 5a) and S2-
2 on the N-8§ segment. These clinopyroxenes are
mainly euhedral to rounded phenocrysts, and can
be considered as xenocrysts. They are possible
relics of a higher pressure stage or they may have
resulted from the mixing of closely related magma
batches.

Olivine crystals show regular behaviour, being
lined up (Fig.5) more or less around their theoreti-
cal equilibrium with their host glass (Kp=0.30,
Roedder and Emslie, 1970). However, their com-
.positional range (Table 5b) varies from one seg-
ment to another, with values of 82<Fo% <90,
78 <Fo% <90, 79<Fo% <87 and 81 <Fo% <88

being observed for the N160, N15, N-S and 174E .

segments respectively. Moreover, the range is also
variable (Fig.5b) within each of these segments.

In the N160 segment, samples S5-03 and S5-05
have an average olivine composition of Fogs 5 10,6
the composition being relatively homogeneous and
close to equilibrium with its host glass (Fig.5b and
Table 5b). In sample S5-04, olivine compositions
vary between Fog, ; and Fog, ., (Table 5b), with
an average (Fog, ¢) similar to that seen in samples
S5-03 and 05 but a much higher standard deviation
(=2.6). In sample $5-02, olivines are more Mg
rich (average Fog; g+2.2), and not in equilibrium
with their host glass, Their strong crystal zonations
(Table 5b) suggest the possibility of magma mixing.
As frequently observed in MORB, the most magne-
sian olivines are found in the most phyric basalts,
in this case station K5, with euhedral phenocrysts
of average composition of Fogg,1qs close to
equilibrium with their host glasses.

o
T
=
2]

sctalita (En0) wallastanite (Wo%) and ferrosilite

TABLE 5a




TABLE 5a .
. . . . . i o
Selected electron microprobe analyses of some microphenocrysts and phenocrysts from the NFB. Clinopyroxene analyses: enstatite (En%), wollastonite (Wo%) and ferrosilite 3
(Fs%) content as relative percentage of the clinopyroxene. Kp,=partition coefficient of Mg and Fe between the clinopyroxene and its host glass (bulk rock for sample 52-1). 2
Analyses performed on the CAMEBAX microprobe at the IFREMER Centre at Brest and on the JEOL superprobe at the Geological Survey of Japan at Tsukuba (analysts 3
J.P. Eissen and G. Morvan). Arrows link centre and rim of a single phenocryst. mph=microphenocryst; ph=phenocryst. The complete set of data is available from J.P. :
Eissen upon request g
Q
N160 segment N15 segment 8
Station S5 55 s5 S5 K29 K17 K17 K8 K8 K8 K8 K9 K9 K9 K9 s3 s3 8
Sample 02 02 04 05 11 1 2 1 2 3 3 6 1 4 5 5 02 02 T
mph ph mph mph mph mph mph mph mph mph mph mph mph mph mph mph mph mph l'él
mph =
S507  54.21 54.11 51.70 49.15 53,94 50,64 52.19 51.22 53.286 51,32 50.88 53.51 S4.16 50.54 52.16 53.16 51.50 53.34 2
T10z 0.23 0.12 ©0.63 1.80 0.54 1.15 0.81  1.00 0.60 0.60 0.68 0.43 0.29 0.74 0.75 0.53 0.47 0.53 =
Alz03  2.42 2.15 3.48 4.34 2.47 4.20 4.30  3.99 1,81 3.40 3.47 2.54 1.74 4,37 2,94 1.32 2,31 2.63 o3
FeO 5.99 5.02 6.54 12.44 5.15 7.18 5.79  6.94 1.33  6.76 7.24 6.73 5.28 5.81 7.03 9.27 6,19 6.33 o
MnO 0.06 0.14 0.23 0.24 0.25 0.26 0.24 0.17 0.24 0.23 0,19 0,11 0.1 0,19 0.23 0.42 0.00 0.16 =
MgO 19,38 19.46 17.68 12.24 17.92 15.33 16.40 16.29 17.98 17.58 18,10 17,92 19.92 17.15 17,07 19.78 17.80 17,93 =
ca0 18.13 18.68 19.40 18.73 19.47 20.04 19.07 20,16 19.16 19,17 18,13 18.99 17.70 20.01 20.75 15.86 19.85 20.13 T
Naz0 0.25 0.23 0.23 0.52 0.19 0.28 0.26 0,23 ©0.24 0.26 0.25 0.26 0.19 0.29 0,27 0.18 0,24 0.30 >
Crz03  0.43 0.49 0.15 0.1 0.21 0.14 0,72  0.39 0.25 0.21 0,24 €.27 0.50 0.68 0.20 0.02 0.29 0.16 3
Total 100,16 100.40 100.08 100.72 100.13 99,33 100.74 100.45 100.87 99.53 99.18 100,82 99.83 59.78 101.40 100.55 98.65 101,51 z
s 1.955 1.952 1.894 1.845 1,954 1.880 1.831 1.879 1.939 1.893 1.884 1.939 1,960 1.860 1,898 1.942 1,915 1,924 T
T 0.006 0.003 0.017 0.054 0.015 0.032 0,022 0.028 0.016 0.017 0.019 0.013 0.008 0.021 0.020 0.014 0.013 0,014 ol
ATV 0.045 0.048 0.106 0.151 0.046 0,120 0.105 0,121 0,061 0.107 0.116 0,061 0,040 0,140 0,102 0.057 0.085 0.076 ]
AIVI  0.058 0.043 0.045 0.041 0.060 0.068 0.079 0.051 0,017 0.041 0,035 0.047 0.035 0,050 0.024 0.000 0.016 0.036 w
Fe 0.150 0,151 0.200 0.391 0.156 0.223 0,176 0.213 0.223 0,209 0.224 0.204 0.160 0.179 0.214 0.283 0.193 0.191 Z
Mn 0.002 0,004 0.007 0.008 0.008 0.008 0.007 0.005 0.007 0.007 0,006 0.003 0,003 0.006 0.007 0.013 0.000 0,005 Z
Mg 1.041 1.046 0.965 0.686 0.968 0.848 0.887 0.891 0.976 0,967 0.99% 0,968 1.074 0,941 0.926 1.077 0.987 0,964 z
ca 0.700 0.722 0.762 0.795 0.756 0.797 0.778 0.792 0.747 0.758 0.719 0,737 0.686 0,789 0,809 0.621 0,791 0,778
Na 0.009 0.008 0.008 0.013 ©0.007 0.010 0.01¢ 0,010 0.008 0.009 0.009 0.009 0,007 0.010 0,010 0.007 0.009 0,010
cr 0.014 0.014 0.006 0.005 0.006 0.004 0.021 ©.011 0.007 0.006 0.007 0,008 0.014 0,020 0.006 0.001 0,009 0.005
Total 3.981 3.992 4.010 3.995 3.974 3.991 3.981 4,002 4.002 4,013 4,018 3.990 3,987 4.015 4.016 4.015 4,017 4,003
En% s5.0 54.4 49.9 36.5 51.3 45.2 48,0  46.8 49.9 499 51.3 50,6 55.8 49.1 47.3 54.0 50.1 49.7
Ho¥ 3.0 37.5 39.4 42,3 40.1 42.5 42.1  41.7 38,3 39,1 36.9 38.6 35.7 41.2 41.4 31.1 40,2 40.2
Fs¥ 8.0 8.1 10.7 2.2 8.7 12.3 9.9 11.5 11.8 11.1 11.8 10.8 8.5 9.6 11.3 14.8 9.8 10.1
KD 5,21 0.19 0.35 0.30 0.21 0.38 0.25 0.29 0.40 0.44 C.46 0.28 0.26 0.48 0.3t 0.35 0.22 0.22
N-S segment 174E segment
Station 53 53 52 52 52 52 52 K15 sDT soT sl 51 51 51 K23 K22
Sample 04 04 1 1 1 2 2 17 03 10 04 05 05 07 14 3
mph mph center-—>rim mph ph ph mph ph mph Ph ph mph ph mph mph
S10  S51.57 51.16 52.62 50.65 49.44 50,97 53.00 52,57 51.78 53.74 50.99 52.65 50.42 51.65 51.20 53.66
7107 0.72 0.79 0.48 1.03 1.51 0.93 0,39 0.40 0.68 0.30 0.77 0.81 1.48 0.75 1,08  0.38
Al203  2.68 3.96 2.86 5.12 5.15 4,58 3.25 1.5 3.87 1.62 3.87 3.20 5.72 3.50  4.41 1.6l
FeO 8.05 7.90 6.18 6.52 9.34 6.63 6.21 7.55 5,65 5.45 1.52 6,94 8,84 7,53  6.09  6.64
MaO 0.2¢ ©0.24 0.08 0.14 0.1 ©0.24 0.13 0.24 0.25 0,09 0.28 0,18 0.23 0.28  0.22 0.24
Mgo 18.61 16,83 18.10 16.92 15.95 17.45 17.84 18,59 17.36 18.88 19.32 17,11 15.83 17.96 15.49 18.36
ca0 16.60 19.26 19.06 18.56 18.09 17.66 18.50 18,52 18,52 19.07 16,13 18.27 16.79 18,18 21.29 18,27
Na20 0.35 0.24 ©0.21 0.43 0.35 0.31 0.27 0.24 0.26 0,13 0,25 0,24 0,30 0,28  0.29  0.16
Crg03  0.14 0.32 0.67 0.43 0.15 0.44 1.02 0.00 ©0.91 0.55 0.42 0,27 0.19 ©0.01 0.34  0.00
Total 98.96 100.70 100.26 99.87 100.17 93.22 100.61 93.67 99.28 99.83 99.55 99.67 99.80 100.14 100,41  99.32
st 1.811 1.876 1.918 1.858 1.832 1.877 1.921 1.938 1.801 1.957 1.873 1.929 1.657 1.893 1.877 1.968
T 0.020 0.022 0.013 0.028 0.042 0.026 0.011 ©0.011 0.019 0.008 0.021 0.022 0.041 0,021 0,030 0.010
AllV  0.089 0.124 0.082 0.142 0.168 0.123 0.079 0.062 0,099 0.043 0.127 0.071 0.143 0.107 0,123 0.032
ALVI 0,028 0.047 0.040 0.079 0.057 0.076 0.060 0.005 0.069 0.026 0.041 0.067 0.106 0,045 0,067 0.038
Fe 0.249 ©.242 0.188 0.200 0.289 0.204 0.18 0.233 0,173 0.166 0.231 0.213 0.272 0.231 0,187 0.204
Mo 0.008 0.007 0.002 0.004 0.006 0.007 0.004 0.008 0,008 0.003 0,009 0,006 0.007 0,009 0,007 0.007
Mg 1.028 0.520 0.983 0.925 0.861 0.958 0.964 1.021 0.950 1.025 1.058 0,934 0.86% 0,981 0.B46 1,004
ca 0.655 0.757 0.744 0.730 0.718 0.697 0,719 0.732 0.729 0.744 0.635 0,717 0.663 0.714 0.836 0.7i8
Na 0.013 0.009 0.008 0.015 0.013 0.011 0.009 0.008 0.009 0.005 0.009 0,009 0.011 0.010 0,010 0,006
cr 0.004 0.009 0.018 0.014 0.004 ©0.013 0.029 0.000 0.026 0.016 0,012 0.008 0.006 0,000 0,010 0.000
Total 4.008s 4.012 3.998 3.996 4.011 3,952 3,984 4.018 3.983 3.992 4.016 3.976 3.975 4.010 3,993 3,987
Ent 52.9 47.7 51.3 49,7 46.5 51.3 Sl.4 51.2 S1.1 52.9 54.7 50.0 48.0 50.7  45.1  51.9
Hiok 33.0 39,3 38.8 39.3 37.9 37.3 38.3 36.7 39.2 38.4 32.9 38.4 36.6 36.9 44,6  37.2
Fa% 13.2  13.0 8.9 11.0 15.6 11.3 10,3 12.1 8.7 8.7 12.4 11.7 15.4 12.4  10.3 10,9
KD 0.27 0.25 0.26 ©0.29 0.44 0.25 0,23 0.35 0.29 0.25 0,28 0.31 0.43 0.38 0.34 0,23 N
w




TABLE 5b

Olivine analyses: forsterite (Fo) content as relative percentage of the olivine. Ky, =partition coefficient of Mg and Fe between the olivine and its host glass (bulk rock
for samples K17-1, $2-1 and SDT-06). For details, see Table 5a

N160 segment N15 segment
station 55 S5 55 55 55 §5 §5 S5 K29 K29 K29 K17 K17 K5 K5 K5 K4 Ke K8 K8 K8 Ke
Analyse 02 02z 03 03 03 04 04 05 3 5 11 1 1 2 2 2 6 1 3 3 4 6
center-->rim center——>rim mph mph center-->rim mph mph mph mph ph ph ph center mph mph mph mph mph ph
5102 40,56 40,09 40.33 40.24 40.02 40.85 39,71 39.86 40.00 39,89 40.72 39.73 41.04 40.96 40.33 40.50 39.83 38.70 38.12 38.16 40.20 39.52
Al203 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.01 0,08 0.05 0.05 0,02 0.06 0.06 0.02 0.00 0,00 0.02 0.06 0.01 0.00 0.01
FeO 9.66 13,86 13.48 12.44 15.27 12.00 17.21 14.28 15.74 14.63 13.02 17.87 11.81 9.46 10.%2 11.40 14.56 20,11 18.88 17.98 14.57 18.14
MnO 0.07 0.04 0.11 0.09 0.10 0.13 0.06 0,34 0,22 0.31 0.31 0.41 0.24 0.15 0.71 0.17 0.20 0.35 0.49 0.35 0.28 0.22
MgO 49,72 46.20 47.43 47.45 45.06 47.98 43.13 45.56 43.53 43.87 44.31 41,01 47.06 48,91 47.36 47.99 45.46 41.85 42.15 43.29 45.42 41.33
ca0 0.34 0.21 0.28 0.30 0.34 0.26 0.27 0.23 0.30 0.33 0.35 0.36 0,33 0.33 0.27 0.33 0.31 0.36 0.28 0.32 0,35 0.25
Cr203 0.04 0.01 0.00 0.00 0.17 0.00 0.00 0,01 0,04 0.05 0.06 0.03 0.13 0,00 0.42 0.10 0.13 0.00 0.00 0.00 0.08 0.05
Nio 0.00 0.00 0.22 0.33 0.00 0.00 0.00 0.00 0.16 0.09 0.14 0.12 0.20 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.39 100,41 101.85 100.85 100.96 101.12 100.38 100.28 100.07 99.28 98.96 99.55 100,87 99.85 100.03 100.48 100.48 101.38 99.99 100.11 100.89 99,52
51 0.991 0.997 0.989 0.992 0.997 1.000 1.003 0.9%6 1.007 1.008 1.023 1,016 1.007 1.003 0.997 0.996 0.994 0.984 0,979 0.975 0.999 1.011
AL 0.000 0,000 0,000 0,000 0.000 0.000 0,000 0.000 0.002 0.001 0.001 0,001 0,002 0.002 0.001 0.000 0,000 0,001 0.002 0.000 0,000 0.000
Fe 0.197 0.288 0,276 0.256 0,318 0.246 0.363 0,298 0,331 0,310 0.273 0,382 0.242 0.194 0.226 0.234 0.304 0.428 0.406 0.384 0.303 0.388
Mn 0.001 0.001 0.002 0,002 0,002 0.003 0.001 0.007 0.005 0.007 0,007 0,009 0,005 0,003 0,015 0.003 0.004 0,007 0.011 0.007 0,006 0.005
Mg 1.810 1.712 1.733 1.743 1.672 1.746 1.623 1.696 1.633 -1.652 1.658 1.563 1,720 1.786 1.745 1.759 1.691 1.586 1.614 1.649 1.682 1,576
Ca 0.009 0.006 0,007 0,008 0.009 0,007 0,007 0.006 0,008 0,009 0.609 0.010 0,009 0.009 0.007 0.009 0.008 0.010 0.008 0,003 0.00% 0,007
Cr 0.001 0.000 0.000 0,000 0.003 0.000 0.000 0,000 0.001 0,001 0.001 0.001 0,003 0.000 0.008 0.002 0.003 0,000 0.000 0.000 0.002 0.001
Ni 0.000 0.000 0.004 0.007 0.000 0.000 0.000 0.000 0.003 0,002 0,003 0.002 0,004 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000
Total 3,009 3,003 3,011 3,008 3,002 3.000 2.997 3.004 2.9%91 2.991 2,976 2.983 2.991 2,996 2,993 3.003 3.005 3.016 3.020 3.025 3.000 2.988
Fo% 90.2 85.6 86,2 87.2 84.0 87.7 81.7 85.0 83.1 84.2 85.8 80.4 87.7 90.2 88.5 88.2 84.8 78.8 79.9 81.1 84.7 80.2
Fa% 9.8 14.4 13.8 12.8 16.0 12.3 18.3 15.0 16.9 i5.8 14.2 19.6 12.3 9.8 11.5 11.8 15.2 21.2 20.1 18.9 15.3 19.8
KD 0.16 0.25 0.25 0.23 0.29 0.24 0.38 0.28 0.28 0.25 0.22 0.36 0,20 0.25 0.30 0.31 0.27 0.32 0.52 0.48 0.46 0.32

NiS segment {following) NS segment
Station K9 K9 K9 K9 K12 K6A K6A K6 s3 s3 53 §3 53 83 s3 s2 52 52 s2 52 54 s4
Analyse 1 2 4 5 5 2 2 3 01 02 0z 03 04 04 04 01 01 02 02 02 01 02
center ph mph mph mph center center ph ph mph mph rim center ph mph ph rim ph center rim ph ph
5102 39.53 40,00 38.59 38.45 38.83 40.22 40.17 38.87 40.43 38.43 39,62 40.37 39.35 40.76 38,82 39.83 39.65 39.16 40.43 39.26 40.01 39.66
Al203 0.08 0.06 0.00 0.05 0.05 0.00 0.04 0,01 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.03 0.09 0.00 0.00 0.00 0.08 0.00
FeO 15,36 14.86 17.12 19,97 20.17 12.01 14.57 14.78 13.41 17.94 19.00 13.00 17.45 10.i15 19.03 15.07 17.62 19.61 13.10 17.82 15.15 15.71
MnO 0.34 0.19 0.27 0.30 0.30 0.00 0.29 0,20 0.05 0.29 0.25 0.23 0.25 0.12 0.22 0,27 0.24 0.31 0.14 0.33 0.19 0.18
Mg0 44.42 45.00 44.66 40,96 41,37 47.33 45.15 46.20 46,40 43.27 41.60 46.14 43.18 49,14 41,94 45.07 43.07 40.91 46.95 43.54 45,20 44.86
Ca0 0.22 0.39 0.36 0.31 0.31 0.30 0.31 0.27 0.35 0.30 0.39 0.51 0.29 0.38 0.41 0.30 0.27 0.25 0.30 0.26 0.26 0.34
Cr203 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 ¢.08 0.11 .00 0.00 0.13 0.00 0,00 0.11 0,03 0.10 0.05
Nio 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0,08 0.00 0.00 0.28 0.18 0.00 0.00 0.00 0.00 0.00 0,00 0.00
Total 99.96 100.58 100.99 100.04 101,04 99,86 100.53 100.34 100.64 100.42 100,93 100.33 100.70 100.82 100.60 100.69 100.94 100.24 101.03 101.24 100.99 100.80
s1 0.996 1.000 0.973 0.990 0.990 0,997 1,001 0.575 1.000 0.979 1.004 1,002 0.994 0.994 0,990 0.995 0.998 1.003 0.996 0.988 0.996 0.992
Al 0.002 0.002 0.000 0.001 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0,001 0.003 0.000 0.000 0.000 0.002 0.000
Fe 0.324 0.310 0.361 0.430 0.430 0.249 0.304 0.310 0.278 0.382 0.403 0,270 0.368 0,207 0.406 0.315 0.371 0.420 0.270 0,375 0.315 0.329
Mn 0.007 0.004 0.006 0.007 0.007 0.000 0.006 0.004 0.001 0.006 0.005 0.005 0.005 0,002 0.005 0.006 0.005 0.007 0.003 0.007 0.004 0,004
Mg 1.668 1.673 1.678 1,572 1.572 1,749 1.677 1.727 1.711 1.642 1,571 1,706 1.625 1,787 1.594 1.677 1,616 1.561 1.724 1.633 1.676 1.673
Ca 0.006 0.010 0.010 0,008 0,008 0.008 0.008 0.007 0.009 0.008 0.011 0,014 0.008 0.010 0.011 0.008 0.007 0,007 0.008 0,007 0.007 0.009
Cr 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0,000 0.000 0,000 0.002 0,002 0,000 0.000 0,003 0.000 0.000 0.002 0,001 0.002 0.001
Ni 0.000 0.000 0.600 0,000 0,000 0.000 0.000 0.000 0.000 0,004 0,002 0.000 0.000 0.005 0,004 0.000 0.000 0,000 0.000 0,000 0.000 0.000 —
Total 3.003 2.999 3,027 3.009 3,009 3.003 2.998 3.025 3.000 3.021 2.996 2.998 3,004 3.006 3.010 3.004 3.000 2.997 3.003 3.011 3.002 3.007 &
Fo$ 83,7 84.4 82.3 78.5 78.5 87.5 84.7 84.8 86.0 81.1 79.6 86.3 81.5 89.6 79.7 84.2 81.3 78.8 86.5 81.3 84,2 83.6 E
Fa¥% 16.3 15.6 17.7 21.5 21.5 12.5 15.3 15.2 14.0 18.9 20.4 13.7 18.5 10.4 20.3 15.8 18.7 21.2 13.5 18.7 15.8 16.4 %
KD 0.33 0.40 0.54 0.36 0.33 0.24 0.31 0,29 0,22 0.26 0.29 0.28 0.25 0.13 0.28 0.25 0.31 0.32 0.18 0.27 0.19 0.27 Z
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TABLE 5b (continued)
NS segment ({(following)
Station 54 54 K14 K14
Analyse 04 04 1 5
center—->rim mph mph
5102 39.61 39.38 239.48 39.73
Al203 0.00 0.00 0.10 0.10
FeO 15.22 16.04 15.76 14.83
MnO 0.29 0.47 0.14 0.22
MgO 44.64 43.41 45.07 44.14
Ca0 0.32 0.38 0.30 0.33
Cr03 0.00 0,00 0,19 0.13
NiO 0.00 0,15 0.00 0.00
Total 100,08 99.83 101.04 99.48
s 0.996 0.998 0.986 1.002
Al 0.000 0.000 0.003 0.003
Fe 0.320 0,340 0.329 0,313
Mn 0.006 0.010 0.003 0.005
Mg 1.673 1.640 1.678 1.660
Ca 0,009 0,010 0.008 0.009
Cr 0.000 0.000 0.004 0.003
Ni 0.000 0.003 0.000 0.000
Total 3.004 3.002 3.011 2.995
Fo¥% 83.% 82.8 83.6 84.1
Fa% 16.1 17.2 16.4 15.9
KD 0.28 0.30 0.31 0.29

K15
7
mph

38.94
0.04
18.24
0.18
42.98
0.34
0.16
0.00
100.87

0.986
0.001
0.386
0.004
1.622
0.009
0.003
0.000
3.012

80.8
5.2
0.37

K15
7
mph

38.86
0.11
17.85
0.31
42,89
0.30
0.02
0.00
100.33

0.988
0.003
0.379
0.007
1.625
¢.008
0.000
0.000
3.010

Bl.1
18.9
0.36

SpT
02
center

39.53
0.00
13.99
0.25
46.78
0.30
0.03
0.00
100.89

0.982
0.000
0.291
0.005
1.731
0.008
0.001
0.000
3.018

85,6
14.4
0.27

SDT
ph

39.58
0.01
14.84
0.27
45,82
0.31
0.00

0.00

100.83

0.987
0.000
0.309
0.006
1.702
0.008
0.000
0.000
3.013

84.6
15.4
0.29

SDT
06
center

39.53
0.09
14.96
0.45
45.89
0.33
0.05
0.00
101.28

0.983
0.003
0.311
0.009
1.700
0.009
0.001
0.000
3.016

84.5
15.5

0.29

50T
06
rim

39.80
0.02
14.17
0.26
46.08
0.28
0.09
0.00
100.70

0.990
0.001
0.295
0.005
1.708
0.007
0.002
0.000
3.009

85.3
14.7
0.27

SDT
10
ph

40.31
0.00
14.28
0.18
45.97
0.33
0.00
G.16
101,23

0.997
0.000
0.295
0.004
1.695
0.009
0.000
0,003
3.003

85.2
14.8
0.27

sbt
10
mph

39.22
0.00
15.76
0.12
44.41
0.29
0.00
0.26
100.06

0.9390
0.000
0.333
0,003
1.671
0.008
0.000
0.005
3.010

83.4
16.6
0.31

sl
03
center

39.06
0.00
17.15
0.24
43.32
0.26
0.00
0.00
100.03

0.992
0.000
0.364
0.005
1.640
0.007
0.000
0.000
3.oos

81.8
18.2
0.34

51
03

40.16
0,00
14.85
0.30
45.66
0.39
0.10
0.00
101.46

0.994
0.000
0.307
0.006
1.685
0.010
0.002
0.000
3.005

84.6
15.4
0.28

51
04
ph

39,57
0.00
15.03
0.35
44,65
0.32
0.00
0.00
99.92

0.956
0,000
0.316
0.007
1.675
0.008
0.000
0.000
3.004

84.1
15.9
0.24

51
04
Ph

39.82
0.00
17.76
0.21
42.94
0.25
0.00
0.00
100.98

1.002
0.000
0.374
0.004
1.611
0.007
0.000
0.000
2.998

81.2
18.8
0.30

51
05
mph

40.49
0.00
18.09
0.30
42.03
0.30
0.00
0.14
101.35

1.016
0.000
0.380
0.006
1.572
0.008
0.000
0.003
2.984

80.5
19.5
0.33

99.04

1.017
0.000
0.322
0.004
1.627
0,010
0.000
0.004
2.983

83.5
16.5
0.30

174E
K21
27
mph

40.78
0.06
11.68
0.25
46.98
0.26
0.08
0.29%
100.38

1.005
0.002
0.241
0.005
1.726
0.007
0.002
0.006
2.993

87.8
12.2
0.29

segment
K23
14
mph

40.19
0.03
14.99
0.28
43.69
0.34
0.05
0.10
99.67

1.012
0.001
0.316
0.006
1.640
0.009
0.001
0.002
2,987

83.9
16.1
0.30

mph

35.82
0.04
17.14
0.32
41.48
.27
0.03
0.05
99.15

1.018
0.001
0.366
0.007
1.580
0.007
0.001
0.001
2.981

81.2
18.8
0.27
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TABLE 5c ¥ «

Plagioclase analyses: anorthite (An) content as relative percentage of the plagioclase. Kp=partition coefficient of Ca and Na between the plagioclase and its host glass
(bulk rock for samples K17-1, S2-1 and SDT-06). For details, see Table 5a

"N160 segment
85 &5

Station 85 55 S5 85 55 55 55 S5 85 55 55 55 S5 S5 K29 K29 K29 K17 K17 K17 KS K5
Sample 02 02 02 03 03 03 03 03 03 04 04 04 04 04 s 05 3 5 11 1 1 2 2 2
ph center-->rim center center——>rim mph center-~>rim ph center-->rim center-->rim ph ph ph mph mph ph ph mph ph ph
540z 50,86 47,17 46,71 50,30 47.75 49.46 52.59 47,49 49.46 50.86 47.51 46.46 46,47 47.39 50.64 50.47 51.60 51.35 52.88 47.07 46.47 51.91 46.36 46.87
Al203 31.13 33.89 33.86 30.62 32.31 31.01 28.01 34.05 32.30 31.12 33,15 34,61 33,83 33.64 31.65 31.46 30.47 29.86 29,56 32.99 33.29 29,83 34.10 33.73
fe0 0,27 0,21 0.53 0.37 0.41 0.33 1.17 0.21 0.24 0.57 0.28 0.38 0.29% 0.36 0.19 0.44 0.41 0.42 0.45 0.19 0.28 0.62 0.16 0.34
- Mgo 0.28 0.22 0.24 0.27 0.22 0.25 0.53 0.19 0.19 0.26 0.26 0.22 0.24 0.31 0.21 0.27 0.23 0.22 0.24 0.17 0.17 0.20 0.20 0.19
Ca0 ©13.8% 17.26 16.89 15.70 16,99 16.43 14.01 17.54 15.53 14.65 16.70 17.70 17.4% 16.99 14.76 14.93 14.83 13.98 14.23 18.01 18,17 13.91 18.56 17.77
Naz0 3.35 1.58 1.66 2.80 2.22 2.67 3.97 1.54 2.717 3.10 1.91 1.30 1.47 1.69 3.24 3.00 3.26 3.46 3.70 1.30 1.10 3.56 1.21 1.48
K20 0,00 0.01 0.03 0.04 0.05 0.08 0.12 0.00 0.00 0.02 0.00 0.02 0.01 0.00 0.05 0.04 0.03 0.04° 0.03 0.02 0.02 0.05 0.00 0.01
Total 99,78 100.34 99.92 100.10 99,95 100,23 100.40 101.02 100.49 100.58 99.81 100.69 99,72 100.38 100.78 100.60 100.83 99.33 101.09 99.75 99.50 100,08 100.60 100.38
31 2.318 2.159 2.150 2.299 2.199 2.266 2.399 2,160 2.250 2.308 2.184 2,124 2.143 2.168 2.292 2.291 2.334 2.354 2.382 2.171 2.151 2.363 2.125 2.i50
Al 1.672 1.828 1.837 1.650 1.754 1,674 1,506 1.825 1,732 1.664 1,797 1.865 1.839 1.814 1.689 1.683 1.625 1.613 1.563 1.793 1,816 1,600 1.843 1.823
Fe 0.010 0,008 0.020 0.014 0.016 0,013 ©0.045 0.008 0.009 0.022 0.011 0.015 0.011 0.014 0.007 0.017 0.016 0.0i6 0.017 ©.007 0.0i1 0.024 0.006 0.013
Mg 0.019 0.015 0.016 0.018 0.015 ©0.017 0.036 0.013 0.013 0.016 0,018 0,015 0.016 0.021 0.014 0.018 0.016 0.015 0.016 ©0.012 0.0i2 0.014 0.014 0.013
Ca 0.678 0.846 0.833 0,769 0,839 0.806 0.685 0.855 0.757 0.712 0.823 0.867 0.860 0.833 0.717 0.726 0.719 0.687 0.687 0.890 0.301 0.678 0.912 0.873
Na 0,296 0,140 ©0.148 0.248 0.198 0.237 0.351 0.136 0.244 0.273 0.170 0,115 0,131 0,150 0.284 0©.264 0.286 0.308 0,323 0.116 0,099 0.314 0.107 0.131
K 0.000 0,001 0,002 0.002 0.003 0,005 0.007 0.000 0,000 0,001 0.000 0.001 0,001 0,000 0.003 0,003 ©,002 0.002 0.002 0.001 0.001 0,003 0.000 0.001
Total 4,994 4,997 5,007 5.001 5.024 5,018 S5.028 4,996 5.006 4.997 5,002 5.002 5.003 5.000 5.007 5.001 4,937 4.995 4.996 4.991 4.9391 4.9%6 5.007 5.004
¢ An¥ 69.6 85.7 84.7 15.4 80.6 76.9 65.7 86.3 75.6 72.2 82.9 88.2 86.7 B84.7 71.4 73.1 71.4 68.9 67.9 88.3 90.0 68.1 89.5 86.9
Ab% 30.4 14.2 15.1 24.3 19.1 22.6 33.7 13.7 24.4 27.7 17.1 11.7 13.2 15.3 28.3 26.6 28.4 30.9 31.9 11.5 9.9 31.6 10.5 13.1
ory 0.0 0.1 0.2 0.2 0.3 0.4 0.7 0.0 0.0 0.1 0.0 0.1 0.1 0.0 0.3 0.3 0.2 0.2 0.2 0.1 0.1 0.3 0.0 0.1
KD 0.9 2.3 2.1 1.2 1.7 1.3 0.8 2.5 1.2 0.9 1.7 2.6 2.3 1.9 1.0 1.1 1.1 1.0 1.0 3.4 4.0 1.0 3.7 2.9
N15 segment N
Station K4 K4 K4 K4 K4 K8 K8 K8 K8 K8 K8 K8 K8 K8 K8 K8 K8 K9 K9 K9 K9 K9 K9
Sample 1 1 6 6 6 1 1 1 1 2 2 3 4 4 6 6 6 1 1 1 1 1 2
ph ph ph rh ph ph ph mph ph ph mph ph mph ph ph ph mph center-->rim center ph mph ph
si02 48,79 49,99 51.55 49,22 48.46 49,18 47,73 52.63 46.07 46,72 52.18 45.73 49.60 48.54 46.31 47.63 52.86 47.28 50,78 45.97 46.73 52.81 46.98
Al203 32.48 30.97 30,71 32.45 33.21 32,14 33,05 28.96 34.31 33.66 29.33 33.85 31,30 32.26 34.48 33.19 28.98 33.46 30.79 34.22 33.93 29.73 33.80
FeO 0.58 0.51 0.55 0.38 0.37 0.47 0.44 0.76 0.25 0.24 0.65 0.39 0.48 0.53 0.28 0.48 0.91 0.24 0.54 0.18 0.32 0.58 0.44
MgO 0.21 0.28 0.21 0.23 0.23 0.22 0.25 0.27 0.22 0.22 0.27 0.20 0.28 0.20 0.24 0.24 0.33 0.26 0.27 0.20 0.22 0.29 0.26
Ca0 14.66 14.16¢ 14.16 15.9% 16.%0 15,87 17,09 13.47 18.29 18,19 13.63 17.14 15,24 16,61 19.06 17,79 13,32 16.63 13.97 17.25 17,19 12.80 17.98
Nag0 2.46 3.20 3.38 2.32 2.14 2.55 1.93 4.34 1.38 1.62 4.21 1.45 3.07 2.24 1.28 1.79 3.92 1.48 3.31 1.15 1.30 3.77 1.49
K20 0.01 0.04 0.05 0.03 ¢.01 0,01 0.01 0.08 0.02 0.05 0.02 0.02 0.03 0.00 0.03 0.04 0.02 0.03 0.04 0.00 0.00 0.04 0.00
Total 99,18 99,15 100.61 100.55 101.33 100,43 100.49 100.50 100.54 100.69 100,29 98.78 100,00 100.38 101.68 101.15 100.34 99.38 99.70 98.98 99,70 100.01 100.94
si 2.244 2,300 2.334 2.240 2.197 2.243 2.184 2.390 2.115 2.141 2.374 2,130 2.272 2,221 2.107 2.171 2.39%9 2.179 2.320 2.132 2.152 2.394 2.145
Al 1.761 1.680 1.639%9 1.741 1,774 1.728 1.783 1.550 1.856 1.818 1,573 1.B59 1.689 1,740 1.849 1,783 1.550 1.818 1.659 1,87%1 1.842 1.588 1.819
Fe 0.022 0,020 0.021 0,015 0.014 0.0l 0,017 0.029 0.0i0 0,009 0.025 0.015 0.019 0.020 0.011 0.0i8 0,034 0.009 0.021 0.007 0.012 0.022 0.017
Mg 0.014 0.019 ©0.014 0,016 0.016 0.015 0,017 0,018 0.0i5 0.0i5 0.018 0.014 0.019 0.014 0.017 0.0i6 0,022 0.018 0.019 0.014 0.015 0.01% 0.018
Ca 0.723 0.698 0.687 0,776 0.821 0.776 0.838 0.656 0.899 0.893 0,664 0.855 0,748 0.814 0.929 0.86% 0.647 0.821 0.684 0.857 0.848 0.622 0.880
Na 0.219 0.286 0.297 0.205 0,188 0,225 0.171 0.382 0.123 0.144 0.371 0©0.131 0.273 0.19% 0.113 0.i58 0.345 0.132 0,293 0.103 0.116 0.332 0.i31
K 0.001 0.003 0.003 0.002 0,001 0.000 0,000 0.004 0.001 0,003 0.001 0.001 0.001 0.000 0.002 0.002 0.001 0.002 0.002 0.000 0.000 0.002 0.000
Total 4,985 5,004 4.996 4,993 5.011 5,005 S5.010 5.028 5.01%9 5.023 5.026 5.006 5.021 5.003 5.026 5.018 4.999 4.979 4,998 4,984 4.985 4.979 5,011
An% 76.7 70.8 69.6 79.0 81.3 17.5 83.0 62.9 87.9 85.9 64.1 86.6 73.2 80.4 89.0 B4.4 65.2 86.0 69.8 89.3 88.0 65.1 87.0
Ab% 23.3 29.0 30.1 20.8 18.6 22.5 16.9 36.6 12.0 13.8 35.8 13.2 26.7 19.6 10.8 15.4 34.7 13.8 29.9 10.7 12.0 34.7 13.0
Or% 0.1 0.3 0.3 0.2 0.1 ¢.0 0.0 0.4 0.1 0.3 0.1 0.1 0.1 0.0 0.2 0.2 0.1 0.2 0.2 c.0 0.0 0.2 0.0
KD 1.7 1.3 1.2 2.0 2.3 1.5 2.1 0.7 3.1 2.4 0.7 2.3 1.1 1.7 3.3 2.2 0.8 2.3 0.8 3.0 2.7 0.7 2.6
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TABLE 5c (continued)

Station
Sample

541032
Al203
FeQ
Mgo
Ca0
Na20
K20
Total

Station
Sample

5102
Al203
FeO
Mgo
Cao
Naz0
K20
Total

si
Al
Fe
Mg
Ca
Na
K
Total

An%
Ab%
or%
KD

4
mph

51.45
30.71
0.74
0.24
13.39
3.64
0.03

100.22

2.337
1.645
0.028
0.016
0.652
0.321
0.002
5.002

66.9
32.9
0.2

N15 segment {following)
K9 K9 K9 K9
4 4 5
center—->rim mph
46,34 47.03 52.62
33.84 33.49 28.79
0.34 0.32 0.58
0.17 0.25 0.20
17.06 16,80 13.04
1,75 2.05 4.53
0.00 0.03 0.04
99.50 99.97 99.80
2.143 2.163 2.401
1.844 1.816 1.549
0.013 0.012 0,022
0.012 0,017 0.014
0,845 0.828 0.637
0,157 0,183 0.401
0.000 0.00z 0.002
5.014 5,021 5.026
A4.3 8l1l.8 61.3
15.7 18,0 38.5
0.0 0.2 0.2
2.3 1.9 0.7

0.9

N15 segment
5

s3
01 02
center center
46.26 47.19
33.71 32.87
0.33 0.45
0.14 0.19
17.43 17.92
1.43 1.33
0.00 0,00
99.30 99.95
2.143 2.174
1.841 1.785
0,013 0.017
0,010 0,013
0.865 0.885
0.128 0.119
0.000 0.000
5.000 4,993
87.1 88.2
12.9 11.8
0.0 0.0

2.8

2.3

{following)
s3 s3

02
ph

47.59
32,32
0.31
0.26
18.27
1.53
0.01
100.29

2.188
1.751
0.012
0.018
0.900
0.136
0.001
5.005

86.8
13.2
0.1
2.0

02
center

50.98
30.70
0.39%
0.22
15.21
2.94
0.02
100.46

2.317
1.644
0.015
0.015
0,741
0.259
0.001
4.991

74.0
25.9
0.1
0.9

K9
5
mph

52.09
29.71
0.59
0.27
13.31
4.06
0.01
100.04

2.370
1.59%4
0.023
0.018
0.649
0.358
0.000
5.012

64.4
35.5
0.0
0.8

53
mph

52.61
28.95
0.70
0.24
13.94
3.81
0.00
100.25

2.392
1.551
0.027
0.016
0.679
0.336
0.000
5.001

66.9
33.1
0.0
0.6

K12
ph

47.23
33.28
0.29
0.14
17.73
1.44
0.00
100.11

2.170
1,802
0.011
0.010
0.873
0.128
0.000
4,993

87.2
12.8
0.0
3.0

53
03
center

46.35
34.24
0.34
0.10
17.84
1.37
0.00
100.24

2.130
1.854
0.013
0.007
c.a878
0.122
0.000
5.004

87.8
12.2
0.0
2.2

K12

49.03
31.47
0.33
0.23
15.67
2.50
0.10
99.33

2.259
1.709%
0.013
0.016
0.774
0.223
0.006
5.000

7.1
22.3
.6
1.5

53
03
ph

48.37
32.94
0.41
0.25
16.16
2.22
0,02
100.37

2.209
1.773
0.016
0.017
0.791
0.197
0.001
5.003

80.0
19.9
0.1
1.2

K12 Ki2

4 4

ph mph
48,20 51,69
32,32 29.22
0,31 0.42
0.21 0.25
16.91 14.43
1.86 3.33
0.02 0.04
99,83 99.38
2.215 2.370
1.751 1.579
0.012 0.016
0.014 0.017
0.833 0,709
0.166 0.296
0.001 0.002
4,993 4.99%0
83.3 70.4
16.6 29.4
0.1 0.2
2.2 1.0
53 53

04 04
center~~>rim
45.80 47.59
34,51 32.53
0.44 0.53
0.22 0.26
17.69 16.16
1.27 2.19
0.00 0.00
99.93 99.25
2.112 2,201
1.876 1,773
0,017 0.020
0.015 0.018
0.874 0.801
0.114 0.196
0,000 0.000
5.007 5.010
B88.5 80.3
11.5 19.7
0.0 0.0
2.0 1.1

Kéa
2
mph

51.99
30.68
0.56
0.27
13.59
3.48
0.11
100.68

2.348
1.633
0.021
¢.018

. 0.658

0.305
0.006
4.991

67.9
31.5
0.6
1.0

N-3S segment

53
04
ph

46,10
34.37
0.41
0.26
17.87
1.43
0.01
100.46

2.116
1.860
0.016
0.018
0.879
0.127
0.000
5.018

87.3
12.7
0.0
1.8

K6A Kén

2 2
center-->rim
48.52 50,68
32.61 31.61
0.52 0.32
0.13 0.23
15.87 14.26
2.39 3.00
0.02 0.11
100.16 100.22
2.221 2,302
1.759 1.693
0.020 0.012
0.009 0.016
0.783 0.694
0.212 0.264
6.001 0.006
5.006 4,987
18.6 72.0
21.3 27.4
0.1 0.7
1.8 1.3
s3 52

04 1
mph ph
52.49 51.87
28.71 29.12
0.70 0.53
0.26 0.31
14.03 13.88
3.96 3.40
0.05 0.04
100.20 99.15
2.391 2,380
1,542 1.575
0,027 0.020
0.018 0.021
0,685 0,683
0.350 0,303
0.003 0.002
5.015 4.984
66.0 69.1
33.7 30.6
0.3 0.2
0.5 0.9

K6A K6A

3 3
center-—~>rim
47.43 49,98
33.48 32.01
0.44 0.37
0.18 0.23
17.19 15.39
1.43 2.51
0.06 0.07
100.21 100.55
2.179 2.270
1.80% 1.713
0.017 0,014
0.012 0.015
0.844 0.749
0.127 0.221
0.004 0,004
4,987 4.986
B6.6 76.9
13.0 22.7
0.4 0.4
3.2 1.6
52 52

1 1
center mph
47.53 55.75
32.04 26,61
0.48 0.84
0.26 0.31
17.32 11.30
1.68 4.94
0,02 0.11
99.33 99.86
2.202 2.524
1.74%9 1.420
0.018 0,032
0.018 0.021
0.860 0.548
0.151 0.434
0.001 0.0086
4.999 4,986
85.0 55.5
14.9 43.9
0.1 0.6
2.3 0.5

K6A
3
center

50.99
31.09%
0.47
0.27
14.69
3.12
0.10
100.74

2.310
1.660
0.018
0.018
0.713
0.274
0,006
5.000

71.8
27.6
0.6
1.3

52
2
ph

49.07
31.68
0.47
0.18
16.76
2.04
0.01
100.21

2.246
1.709
0.018

< 0.012

0.822
0.181
0.001
4.990

81.9
18.0
0.1
1.5

K6A
3
ph

48.46
32.58
0.57
0.23
16.37
2.21
0.06
100.47

2.214
1.755
0.022
0.018
0.802
0,195
0.004
5.008

80.1
19.5
0.4
1.8

52
2
ph

51.48
30.89
0.44
0.19
13.56
3.45
0.00
100.01

2,339
1.654
0.017
0.013
0.660
0.304
0.000
4.986

68.5
31.5
0.0
0.7

K6 Ké

3 3
center ph
50.01 50.94
31.46 30.25
0.41 0.72
0.31 0.38
15.45 14.14
2.57 3.22
0.04 0.02
100.26 99.67
2,279 2.331
1,690 1.632
0.016 0,027
0.021 0.026
0,755 0.693
0.227 0.285
0,003 0.001
4,930 4,996
76.7  70.7
23.1 29.1
0.3 0.1
1.4 1.0
52 s2

2 2
tenter-->rim
46.79 52.22
34.9%90 30.23
0.26 0.53
0.10 0.27
17.64 13.32
1.05  3.79
0.00 0.01
100,74 100.37
2,132 2.364
1.874 1.613
0.010 0.020
0,007 0.018
0.861 0,646
0,093 0,333
0,000 0,001
4,977 4.996
90.3 66,0
9.7 34,0
0.0 0.1
3.1 0.7

Ké
ph

50.31
30.55
0.45
0.27
14.41
3.42
0.03
99.45

2.310
1.654
0.017
0,019
0.709
0.305
0.002
5.016

69.8
30.0
0.2
1.0

sS4
01

ph

47.58
32.51
0.53
0.23
15.85
2.07
0.04
98,81

2.207
1.778
0.021
0.016
0.788
0.186
0.002
4.998

80.7
19.1
0.2
1.8

Ké
ph

47.24
32.17
0.45
0,27
16.08
2,05
0,01
98.87

2,192
1.792
0.017
0.018
0.800
0.184
0.001
5.005

81.2
18.7
0.1
2,0

54
[+3%
mph

50.90
30,19
0.47
0.31
14.25
3.34
0.02
99.48

2.333
1.631
0.018
0.021
0.700
0.297
0.001
5.001

70.1
29,7
0.1
1.0

K6
mph

51.83
29,90
0.40
0.14
13.27
3.68
0.00
99.22

2.372
1.612
0.015
0,009
0.651
0,327
0.000
4.986

€6.6
33.4
0.0
0.9

54
02
ph

51.14
31.12
0.53
0.29
14.21
3.33
0.00
100,62

2.316
1.661
0.020
0.020
0.690
0.292
0.060
4.999

70.2
29.8
0.0
1.0

Ss3
center

46.83
33.55
0,15
0,12
17.54
1.61
0.00
99.80

2.158
1.822
0.006
0.008
0.866
0.144
0,000
5.003

85.8
14.2
c.0
2.5

54
03
ph

50.75
30.76
0.43
0.28
14.49
3.33
0.02
100.07

2.314
1.654
0.016
0.019
0.708
0.29%4
0.001
5.006

70.6
29.3
0.1
0.9

S3
ph

48,05
33.04
0.45
0.23
17.23
1.96
0.01
100.97

2.189
1.774
0.017
0.016
0.841
0.173
0.001
5.011

82.9
17.1
0.1
2.0
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TABLE 5c (continued) . : 3
N-S segment (following)
Station sS4 sS4 sS4 54 K14 Ki4 Kig K14 K14 K14 K14 K15 K15 K15 SDT sDT SDT SDT EDT SDT SDT SDT SDT
Sample 04 04 04 05 1 1 5 5 6 8 8 v 2 7 7 02 02 02 05 05 06 06 09 10
mph center-->rim ph ph mph ph mph mph ph ph mph mph mph ph ph mph ph ph center-->rim mph center
si02 51.62 46,98 47.74 S50.21 48,31 50.81 50,99 52.07 51.89 47.16 S51.19 51.%90 52.08 52.48 45.53 47.89 49.55 44.74 46.32 44.64 45.51 51.30 44.94
Alz03 29.33 32.77 32.86 30.63 32,83 30.35 31.07 29.85 28.94 32.69 30,02 29.70 29.86 29.46 34.65 32.59 30.99 35.02 33.43 34.86 33.82 30.02 33.79
FeO 0.49 0.50 0.38 0.55 0.58 0.47 0.47 0.92 0.67 0.41 0.58 0.75 0.76 0.63 0.39% 0.37 0.39 0.25 0.32 G.44 Q.28 0.67 0.13
MgO 0.24 0.23 0.21 0.24 0.24 0.31 0,29 0.46 0.36 0.17 0.27 0.35 0.30 0.30 0.23 0.28 0.25 0.17 0.25 0.15 0.22 0.23 0.13
Ca0 14.56 16.79 16.81 15,39 15.70 13.79 14,73 13.88 14,38 17,70 14.81 13,77 13.85 12.94 17.69 16.32 14.15 18.36 17.14 1B.53 17.41 14.58 18,59
NaZ0 3.28 1.95 2.20 2,72 2.03 3.54 3.10 3.56 3.47 1.55 3.15 3.50 3.93 4.18 1.35 2.19 3.48 0.99 1,74 0.78 1.42 3.09 0.81
K20 0.01 0.01 0.00 0,05 0.02 0.05 0.04 0,04 Q.02 0.01 0.03 0.02 0.05 0.04 0.02 0.00 0.02 6.0 Q.02 0.01 0.02 0.04 0.00
Total 99.53 99,23 100.20 99,79 99.71 99.33 100.70 100.78 99,73 99.69 100.0S 99.99 100.83 100,03 99.87 99.64 98.82 99.52 99.23 99.42 98.68 99.93 098.39
si 2,365 2.178 2,190 2,301 2.217 2.331 2,310 2.357 2.374 2.178 2.336 2,364 2.358 2.386 2.102 2.205 2.290 2.075 2.149 2.075 2.124 2.342 2.107
Al 1.584 1.791 1,777 1,655 1.776 1.641 1,659 1.593 1,561 1.780 1.615 1,595 1.593 1.579 1.886 1.769 1.688 1.914 1.828 1.910 1.860 1.615 1.867
Fe 0.019 0.019 0.015 0.021 0.022 0.018 0.018 0.035 0.026 0.01§ 0.022 0.029 0.02% 0.024 0.0i5 0.014 0.015 0.010 0.012 0,017 0.011 0.026 0.005
Mg 0,016 0.016 0.014 0,016 0.016 0,021 0.020 0.031 0,025 0.012 0.018 0.024 0.020 0.020 0.016 0.019 0.017 0.011 0.017 0©0.010 0.015 0.016 0.009
Ca 0.715 0.834 0.826 0,756 0.772 0.678 0.715 ©.673 0,705 0.876 0.724 0.672 0.672 0.630 0.875 0.805 0.700 0.912 ©0.852 0.923 0.871 0.713 0.934
Na 0,29% 0.175 0.196 0.242 0.181 0,315 0.273 0.312 0.308 0.139 0.279 ©0.309 0.345 0.369 0.121 0.196¢ 0.311 0.08% 0.157 0.070 0.128 ©0.274 0.074 :
K 0.001 0.001 ©0.000 0.003 0.001 0,003 0©0.003 ©0.002 0,001 0,001 0,002 0.001 0.003 0,002 0,001 0.000 0.001 0.000 0.001 ©0.001 0.001 0.002 0.000
Total 4,990 5.014 S5.019 4.994 4.986 5.007 4.998 5.004 5,000 5.001 4.996 4.994 5,020 5.010 5,016 5.008 5.023 5.012 5.016 5.006 5.011 4.%88 4.93%6
An% 71.0 B2.6 80.9 75.5 80.9 68.1 72.2 68.1 69.5 86.3 72.1 68,4 65.9 62.9 87.8 80.4 69,1 91.1 84.4 92.8 87.0 72.1 92.7
Abs 28.9 17.4 19.1 24.2 18.9 31.6 27.5 31.6 30.4 13.17 27.7 31.5 33.8 36.8 i2.1 19.86 30.8 8.9 15.5 7.1 12.8 27.7 7.3
: ory 0.1 0.1 0.0 0.3 0.1 0.3 0.3 0.2 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.0 0.1 0.0 0.1 0.1 0.1 0.2 0.0
KD 0.9 l.8 1.6 1.1 1.7 0.8 1.1 0.9 1.0 2.1 1.0 1.0 0.9 0.8 2.8 1.6 0.9 3.6 1.9 4.4 2,3 1.0 4.7
'.
H N-5 segment {following) 174E segment
; Station SDT s1 s1 51 s1 51 s1 s1 51 51 sl 51 si s1 S1 S1 s1 S1 51 K23 K23 K22 K22 ”
H Sample 10 03 03 03 03 04 04 04 05 0S 0s 05 07 07 07 09 09 09 ()] 14 14 3 3 oo
ph center~—>rim center mph ph ph mph ph center~->rim mph ph center~->rim center-->rim ph mph ph mph ph mph g -
si0p 50.32 45.33 50.9%6 47.83 52,04 47.88 47.91 53.05 46.77, 45.68 53.04 52.71 52.47 44.36 48,18 45.85 49.34 47.76 53.77 47.66 50.31 48,17 52.27
Al203 30.45 34.93 30.87 32,70 30.00 32.83 33.14 29.46 32.69 34,16 28.46 28.21 29.43 35,65 32.87 34.10 31.04 33.16 28.43 32.14 29.85 31.7% 29.52
FeO 0.42 0.35 0.46 0.41 0.80 0.38 0.42 0.48 0.50 0.44 0.85 0.72 0.60 0.38 0.40 0.47 0.47 0.46 0.67 0.26 0.41 0.51 0.56
MgO 0.23 0.10 0.29 0.22 0.42 0.17 0.17 0.25 0.22 0.13 0.33 0.35 0.18 0.09 0.17 0.16 0.23 0.18 0.26 0.19 0.25 0.13 0.22
i Ca0 15.04 18,37 14.77 16.55 13.34 16.20 16.81 13,12 17.58 18B.63 13,24 12.80 13.23 18.74 17.37 17.87 15.21 17.33 13.15 17.47 15.33 17.33 14.12
i Naz0 2.73 1,01 3.31 2,11 3.70 1.90 1.62 4.12 1.24 0.89 3.59 3.99 4.20 0.53 1.98 0.83 2.32 1.51 3.89 1.60 2.98 1.99 3.68
H K20 0.02 0.00 0.00 0.02 0.00 0.01 0.02 0.00 0.02 0.00 0.06 0.02 0.00 0.01 0.04 .01 0.01 0.02 0.00 0.02 0.02 0.00 0.02
. Total 99.21 100.09 100,66 99.84 100.30 99.37 100.09 100.48 99.02 99.73 99.57 98,80 100.11 99.76 101.01 99.29 98.82 100.42 100.17 99.34 99.15 99.92 100.37
si 2.314 2,090 2.312 2.200 2.361 2.207 2.195 2.398 2.174 2.113 2.420 2.423 2.385 2,054 2.195 2.125 2.288 2.185 2.436 2.205 2.321 2.219 2.373
Al 1.651 1,898 1.651 1,773 1.605- 1,783 1.790 1.569 1,791 1.863 1.531 1.529 1.577 1.%45 1.765 1.863 1.689 1.788 1,518 1.753 1.623 1.726 1.580
Fe 0,016 0,013 0.017 0.016 0.030 0,015 0,016 ©0.018 0,019 0.017 0.032 0,028 ©.023 0.015 0.01S 0.018 0.018 0.017 0.026 0.010 0.016 0.020 0.021
Mg 0.016 0.007 0.020 0.015 0©0.028 0.012 0.012 0.017 0,015 0.009 0.022 0.024 0©.012 0,006 0,012 0.011 0.016 0,012 0.018 0.013 0.017 0.00%9 0.015
Ca 0.741 0.907 0.718 0,816 0.649 0.800 0.825 0.635 0.875 0.923 0.647 0.631 0.644 0,930 0.848 0.888 0,753 0.850 0.638 0.866 0.758 0.855 0.687
Na 0.243 0,090 0.291 0,188 0.326 0.170 0.144 0.361 0,112 0.062 0.318 0.356 0.370 0,048 0.175 0.0?5 0.208 0.134 0.342 0.144 0.267 0.178 0.322
K 0.001 0.000 0.000 0.001 0.000 0,001 0.001 0,000 0.001 0,000 ©0.003 0,001 0.000 0,001 0,002 0.001 0.001 0.001 0.000 0.001 0.001 0.000 0.001
Total 4,983 5,006 5.009 5,008 4,999 4.987 4,983 4.998 4,987 4.987 4.975 4.991 5.012 4.998 5.011 4.981 4.972 4.988 4,976 4.991 5.002 5.007 4.999
An% 15.2 91.0 71.1 81.2 66.6 B82.4 85.0 63.8 88.6 93.7 66.8 63.9 63.5 95.1 82.7 92.2 18.3 86,3 65.1 85.7 73.9 82.8 68.0
Ab% 24.7 9.0 28.9 18.7 33.4 17.5 14.8 36.2 11.3 6.3 32.8 36.0 36.5 4.9 17.1 7.7 21.6* 13.6 34.9 14.2 26.0 17.2 31.9
ors 0.1 0.0 0.0 0.1 0.0 0.1 0.1 0.0 0.1 0.0 0.4 0.1 0.0 0.1 0.2 0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.1 —
KD 1.1 3.7 0.9 1.6 0.7 1.8 2.2 0.7 2.9 5.5 0.8 0.7 0.7 7.8 1.9 4.9 1.5 2.6 0.8 z.3 1.1 2.7 1.2 o
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Fig.5. Composition of the minerals as a function of the degree of evolution of their host glass given by FeO/MgO ratio (FeO=
0.9 x FeO*). The range of the calculated partition coefficients (Kp) is given for each sample. (a) N160 segment. (b) N15 segment.
(c) N-S segment. (d) 174E segment. Olivine: Line indicates the experimentally determined low-pressure Kp, olivine/liquid equilibrium
(=0.30, Roedder and Emslie, 1970). Clinopyroxene: Lines give the range of experimentally determined low-pressure Ky, clinopyroxene/
liquid equilibrium (=0.23, Grove and Bryan, 1983; or=0.27, Icving and Frey, 1984). Plagioclase: Lines give approximate variations
in the K, plagioclase/liquid as a function of the evolution of the glass composition. The experimentally determined low-pressure
K, plagioclase/liquid equilibrium should be around 1.3 (after Drake (1976) and Grove and Bryan (1983)).

sample S3-01 (Table 5b) some less “primitive”
(~Foge) olivine phenocrysts are apparently not in
equilibrium with'their host glass. They could be
xenocryst relics from a higher pressure stage or

The compositional variations of the olivine are
at their most important along the N15 segment.
In sample 83-04, a few rounded olivine phenocrysts
of Mg rich composition (~Fogg) occur and in
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the result of mixing of closely related magma
batches, as observed for the clinopyroxene in sam-
ple S3-04. In all other samples from the N15
segment, the composition of euhedral to sub-
euhedral olivine phenocrysts and of the skeletal
microphenocrysts is either near Fog,_g¢ (¢.g. K4-
6, K8-4, K9-1, K9-2, K9-3, S3-01, S3-03, and all
the K6 samples) or near Fog,_g; (e.g. K8-1, K8-
3, K8-6, S3-02 and S3-04). Some slightly more Fe-
rich olivines in a few samples of stations K8 and
K9 (Table 5b), and the even more fayalitic olivines
in samples K8-6 (Fo,3.5), K9-5 (F0O1g.540.4) and
K6-3 (Foqq¢) (Table 5b), are in disequilibrium
with their host glass. These latter crystals corre-
spond to the generally skeletal microphenocrysts
which crystallized very rapidly in the later stages
of fractionation, such as during magma ascent
before eruption, or just after basalt extrusion.

Along the N--S segment, the olivine composi-
tions are much more homogeneous, all the samples
but two (K15-7 and S1-05) containing mainly, if
not exclusively, phenocrysts and microphenocrysts
with compositions around Fog,so, (Table 5b).
Some Fe-rich olivine crystals, like those found in
the samples K15-7 and S1-05, can coexist with
more Mg-rich olivines as in samples S2-1 and
$2-2 (with a few slightly zoned crystals, Table 5b)
and in samples S1-03 and S1-04. In sample S2-2,
more evolved skeletal microphenocrysts are also
found (Foq4.5) (Table 5b). Olivines from this seg-
ment are generally close to equilibrium with their
host glass (Fig.5b). However, some of them may
be either less evolved than their host glass (e.g.
S1-04, S2-2 and $4-01), or more evolved (as in
samples S2-2 and K15-7). For sample S4-01, al-
though there is a difference between glass and bulk
rock analyses, this disequilibrium would disappear
if the bulk rock was taken as the reference in the
calculation. For the other samples, the relatively
small discrepancies between Kp’s are probably
related to mixing of compositionally closely re-
lated, mostly differentiated, magma batches, as
would occur inside a magma reservoir.

The olivines from the 174E segment are rela-
tively magnesian and very homogeneous (~Fog s5)
in sample K21-27, and close to equilibrium with
their host glass; samples K23-14 and K22-3 are
slightly more evolved (Table 5b and Fig.5d).

J.-P. EISSEN ET AL.

Plagioclase is by far the most abundant mineral
in the NFB basalts, being present in all the 138
studied samples (Table 2), although in highly vari-
able modal abundance. Even when plagioclase
crystals are optically zoned, their cores are com-
monly homogeneous. However, frequent normal
zoning (e.g. $5-03, K9-1 and S2-2) (Table 5¢) and
occasional reverse zoning (e.g. S5-04) are observed
between crystal cores and rims. In the case of
normal zoning, rim compositions can be below
An,, (e.g. Anggs in S2-1, or Anggg in S1-05,
Table 5¢). Usually, the more sodic compositions
(even below Angy) correspond to the crystals of
the mesostasis mainly represented by microlites
and skeletal microphenocrysts. A distribution com-
prising a group of calcic phenocrysts separated by
a gap in composition from the more sodic micro-
phenocryst group is commonly observed along the
four segments of the NFB spreading centre (Fig.5).

For the N160 segment, plagioclase compositions
range between Angg and Angs in samples S5-02,
S$5-03 and S5-04 (Table 5a), the phenocrysts being
concentrated near Ang, gs and the microphe-
nocrysts around Ansq_»s. Strong normal and re-
verse zoning are observed in several of the analyzed
crystals (Table 5c) and even some oscillatory zon-
ing is observed in sample S5-04. When the phe-
nocrysts are relatively close to equilibrium with
their host glass, the microphenocrysts are in dis-
equilibrium with it, being much too evolved
(Kp<0.9) (Fig.5c). Both the last two facts support
the hypothesis of magma mixing which has already
been suggested by the clinopyroxene and olivine
analyses. In sample S5-05, plagioclase microphe-
nocrysts are predominantly very homogeneous
(An,; g+1.6)- The most calcic plagioclase phe-
nocrysts/megacrysts (Angg_go) are found in the
most phyric basalts of stations K5 and K17
(Table 5¢), and these crystals are relics of higher
pressure stages not in equilibrium with the glass
(Fig.5a).

Along the N15 segment, the compositional vari-
ations in plagioclase are significant, and disequilib-
rium between crystals and their host glass is
common. In MORB, high-temperature minerals
are commonly restricted to the most phyric lavas
(Bryan, 1983; Stakes et al.,, 1985; Eissen et al.,
1989). Here, the most calcic plagioclases (Angg_q0),
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as with the most magnesian olivines (Fogg_go),
appear in some sub-aphyric (e.g. K8-1 and 6) and
moderately phyric (e.g. K9-1) basalts and in the
most phyric basalts of station S3 (Fig.5b and
Table 5¢). They might represent xenocrysts, at least
for samples K8-1, $3-02 and $3-04 where complex
oscillatory zoning is observed. The similarity in
xenocryst core compositions to those of the sur-

- rounding phenocrysts suggests that they are cog-

nate xenocrysts produced in a slightly cooler and
more crystalline part of the magma chamber, or
alternatively that they equilibrated at a slightly
higher pressure (Bender et al., 1978). The majority
of the other plagioclase phenocrysts can be sepa-
rated into two chemically coherent groups even
when they cannot be distinguished morphologi-
cally, being always euhedral to sub-euhedral crys-
tals. The first group consists of calcic plagioclase
(Angs_g,) which is dominantly found in the most
phyric samples (e.g. K9-1 and K9-2 and the sam-
ples of station S3), but also in some less phyric
lavas (e.g. K8-1, K8-2, K8-3, K8-6 and K6A-4).
The second group is made up of less calcic plagio-
clase (Angy_gs) and is generally found associated
with the previously described group (e.g. K8-1,
K8-3, K9-2, K6A-4, S3-02 and S3-04). In some
samples (e.g. K8-4, K8-6, K9-4, K6-3 and K6-5),
the first group of plagioclases is absent. The plagio-
clase microphenocrysts, which occur as long skele-
tal to sub-euhedral laths, are present in all these
samples and commonly form skeletal glomer-
ocrysts with clinopyroxene and/or olivine. Their
composition range (An,,_-9) is generally the com-
position of the rim of the larger plagioclases. Few
of these microphenocrysts and microlites can reach
much more sodic compositions (down to Ang, in
K9-5 and K8-3; Table 5¢). Intermediate plagioclase
phenocrysts (75 <An.ge) are frequently close to
equilibrium with their host glass, but most of the
more sodic plagioclases are in complete disequilib-
rium (Kp< <1.3), except in the most evolved
basalts. At several stations (S3, K8 and K9) basalts
with different degrees of fractionation coexist.
These basalts often have similar plagioclase “pop-
ulations” exhibiting normal, reverse or oscillatory
zoning, or any combination of the three, and a
similar range of compositions; this supports the
important role of magma mixing in their petrogen-

.
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-esis. As suggested above by some of the olivine

and clinopyroxene mineral chemistry, the different
components of the mixing must have been closely
related magmas, i.e. more or less differentiated
magma batches within a zoned magma reservoir.

The plagioclases of the N-S segment show the
widest range of compositions, from Ang, to Angs
and a relatively large amount of very calcic xen-
ocrysts (Angg_gs) in almost all the basalts sampled
near 20°S (stations S1 and SDT) and in sample
S2-2. These more or less rounded crystals, which
are in complete disequilibrium with their host glass
(with K> >2.0), are probable relics of deep levels
of fractionation. A deep magma reservoir may
therefore exist below the spreading ridge near 20°S.
However, as noted on the N15 segment, the major-
ity of the plagioclase phenocrysts are moderately
calcic (Angy_gg) With, in most samples from sta-
tions S2, DT and S1, a bimodal distribution around
Angg or Ang,. The microphenocrysts present in
almost all these basalts usually have compositions
in the sodic labradorite range (Anq_-6). They are
the dominant plagioclases in the basalts of stations
S4 and K14, because the more calcic phenocrysts
are very rare in these samples. The microliths and
the most skeletal microphenocrysts reach bytown-
ite compositions (Ange_gs). They are present in all
the samples but for the station SDT set and are
the only plagioclases in the basalts of station K15.
An,, plagioclase was found only in the massive
basalt of station S2, where intergranular plagio-
clase could reach a higher degree of evolution in
the liquids isolated between the larger phenocrysts.
As noted in the N5 segment, the phenocrysts in
the basalts from the N-S segment are close to
equilibrium with their host glass, whereas the more
sodic plagioclases are often in complete disequilib-
rium (Kp< <1.3).

Plagioclases were analyzed only in two basalts
from the 174E segment. In sample K23-14, the
phenocryst composition is moderately calcic
(Angy ¢_g7.1), Whereas the microphenocrysts are
more sodic (Angg 2_73.9), but close to equilibrium
with the glass. In sample K22-3, the plagioclases
were all more evolved, and the phenocrysts were
less calcic (Ang; g_g;.1), as were the microphe-
nocrysts (Angg 4_gs.4) (Table 5¢ and Fig.5¢).

Abundances, crystal shapes and the mutual rela-
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tionships between all the mineral phases indicate

" that plagioclase was probably the liquidus phase
in the majority of these basalts. Its crystallization
was closely followed by olivine, which is present
in 87% of the samples, and then only by clinopyro-
xene. In only two samples (SDT-04 and K22DT-
2), was plagioclase obviously followed by clinopyz-
oxene crystallization (olivine is absent in both of
these samples). Interestingly, 52% of the NFB
basalts reached the four-phase saturation of co
crystallization of plagioclase, olivine and clinopyr
oxene (+liquid), behaviour that is not common inz
MORB:s. '

Geochemistry

Bulk rock and microprobe analyses permit the
recognition of,, respectively, 4, 6, 4 and 4 geochemi-
cal groups in 4, 9, 7 and 4 sampled stations from
the N160, N15, N-S and 174E segments of the
NFB central spreading centre. The observed major
element variations are due essentially to low-pres-
sure magmatic processes affecting magma compo-
sitions, which are dominantly controlled by crystal
fractionation (Fig.3). However, other processes,
such as magma mixing, may locally play an impor
tant role. Discrepancies between the bulk rock an
glass compositions of stations K5, K8, K9 and S
can be attributed to the mineral modal conten
(essentially plagioclase) on the bulk rock compo
sitions.

Variations observed in the alkali elements, vola-
tiles (only very locally masked by alteration) and
LILEs suggest that the mantle sources involved in
the petrogenesis of these basalts are distinct or
heterogeneous.

MORB versus BABB (back-arc basin basalt)

The NFB spreading ridge is located between 300
and 600 km behind the active New Hebrides sub-
duction zone, which is characterized by a high rate
of convergence (12-15 cm/yr; Louat and Pelletier,
1989). The 174E segment is the segment closest t
the subduction zone, but in an area where th
subduction is oblique and relatively slow (1.5 cm/
yr; Louat and Pelletier, 1989; Maillet et al., 1989).

Thus, it would seem to be difficult to involve

J.-P. EISSEN ET AL.

material coming directly from the subducted slab
in the petrogenesis of the NFB basalts. However,
the coexistence of MORB and BABB has been
described in the NFB north of 16°S (Aggrey et al.,
1988; Sinton et al., 1991). Since BABBs are en-
riched in LILEs (K, Rb, Ba, etc.) and possibly
volatiles relative to MORB (Saunders and Tarney,
1984; Hawkins and Melchior, 1985; Sinton and
Fryer, 1987; Sinton et al., 1991), we will use some
of these elements for a comparison between our
data and resulits from other back-arc basins.

In the Na,O+K,O vs. Mg number diagram
(Fig.6), the NFB basalts are compared to basalts
from two very well studied back-arc basins, the
Mariana Trough (Fig.6a), and the Lau Basin
(Fig.6d) (Hawkins and Melchior, 1985), and to
some basalts from the northern NFB (Fig.6¢c)
(Sinton et al., 1991). The Mariana Trough, which
is one of the most typical back-arc basins, produces
exclusively typical BABBs. In the Lau Basin, Haw-
kins and Melchior (1985) describe an initial phase
with BABB followed by the production of MORB.
Sinton et al. (1991) also propose that during its
early history the NFB was characterized by the
production of BABB. Its recent activity (post
3m.y.), however, has only produced typical
N-MORB, except along the South Pandora
Ridge (Fig.2) which is considered to be a reacti-
vated, older, intra-oceanic lineament.

Our data (excluding the most altered samples)
indicate that the present-day distribution of basalts
is more complex than previously proposed (Sinton
et al., 1991; Eissen et al., 1990). Along the N160
segment (Fig.6a), all but two basalts from stations
S5 and K29 are in the BABB field, but are not as
alkali rich as the typical Mariana BABBs. Two
samples with'a very low total alkali content corre-
spond to the most phyric samples of station K5
(enriched in phenocrysts). As already suggested,
the N15 segment is much more complex (Fig.6b).
Basalts from stations K6, K12 and S3 lie in the
MORSB field, whereas those from stations K4 and
K8 are in the BABB field. Basalts from station K9
are in the BABB field (samples K9-5 and K9-6),
or straddle the boundary between the two fields.
By contrast, all the samples of the N-S segment
plot in the MORB field, demonstrating that this
segment is not only the most mature morphologi-
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Fig.6. Distinction between BABB and MORB for the NFB basalts based on total alkali content (Na,0+K,0 in weight percent
of bulk rock analysis) vs. Mg number (atomic 100Mg/Mg+ Fe; calculated with all Fe as FeO). See text for explanation. The.
MORB-BABB field boundary is delineated using the set of data shown. (a) Basalts from the N160 segment = diamonds (approximate
location of basalts from stations K5, S5, K29 and K17 is given); basalts from the Mariana Trough=small dot (Hawkins and
Melchior, 1985). (b) Basalts from the N5 segment=large dot (approximate location of basalts from stations K9, K8, K4, S3, Ké6-
and K12 is given). (c) Basalts from the N-S segment=square (approximate location of basalts from station K15 is given); basalts
from the northern NFB=small dot (Sinton et al., 1991). (d) Basalts from the 174E segment =triangle (approximate location of
basalts from stations K22, K21 and K23 is given); basalts from the Lau Basin=small dot (Hawkins and Melchior, 1985).

cally but also petrogenetically. These samples are
in the same range of composition as the typical
MORBs (groups 16A, 16B and 16C defined by
Sinton et al. (1991) in the northern NFB). The
only slightly alkali enriched basalts from this
N-S segment are those from station K15. Geo-
chemical types observed along the 174E segment
are highly variable from one station to the next.
Basalts from station K23 are typical MORB:s,
whereas lavas from the three other stations look
like more typical BABBs, with a high total alkali
content, as observed in the Mariana Trough or
during the early opening of the Lau Basin (Fig.6d).

These results are confirmed in the Rb/Sr vs. K/P
diagram (Fig.7), where our NFB data are com-
pared to the Mariana Trough basalts (Hawkins
and Melchior, 1985). Here, more than half of the

basalts from the N160, N15 and 174E segments
are in the BABB field, whereas most of the basalts
from the N-S segment are in the MORB field.
Preliminary rare earth elements (REE) data
(Table 6) show quite large variations in REE
contents (normalized to chondrite using data from
Sun and McDonough, 1989) (Fig.8), demonstrat-
ing the wide variations in the LILEs and especially
in the LREE contents of the basalts produced
along this back-arc spreading centre. On the N'160
segment (sample K29-4, Table 6), the REE pattern
is quite flat to slightly LREE depleted (Fig.8), as
is also observed in BABB (Saunders and Tarney,
1984; Hawkins and Melchior, 1985; Sinton et al.,
1991). On the N15 segment (sample K4-1, Table 6),
the REE pattern is again quite flat to slightly
LREE depleted (Fig.8), but complementary analy-




234 J.-P. EISSEN ET AL.
0.08 T T T T
0.06 |-
[
w - t . i
- No0.04 | . .
0 L : . ]
o
0.02 |- 4 .
r 4
0.00 i S 1 )
0 8 10 12

Fig.7. Distinction between BABB and MORB for the NFB basalts based on Rb/Sr vs. K/P diagram (in ppm). Diamond=N160
segment; dot=N15 segment; square=N-§ segment; triangle=174E segment; asterisk=Mariana Trough basalts (Hawkins and
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TABLE 6

Rare earth elements analyses of eight basalts from the NFB. Analyses performed by ICP at the Geological
Survey of Japan at Tsukuba (analyst M. Nohara)

Sample K29-4 K17-1 K4-1

La 3.67 3.69 3.28
Ce 11.60 10.72 10.22
Pr 1.89 1.62 1.61
Nd 9.87 9.04 9.17
. Sm 3.37 2.92 3.09
Eu 1.22 1.12 1.17
Gd 4.56 4.23 4.35
Tb 0.75 0.71 0.74
Dy 5.19 5.04 0.51
Ho 1.07 1.05 1.11
Er 3.13 3.13 3.25
Tm 0.42 0.44 0.47
Yb 2.66 2.94 3.05
Lu 0.36 0.46 0.46

K14-7 K15-6 K21-9 K23-1 K22-1

OWOWRUMO B FRNJRP ~fH

.97 3.67 6.79 1.02 5.40
.18 11.49 18.26 3.67 14.63
.29 1.85 2.63 0.74 2.27
.09 10.06 12.19 4.76 11.40
.70 3.47 3.54 1.84 3.25
.04 1.29 1.33 0.75 1.17
.05 4.60 4.49 2.91 4.08
.75 0.84 0.79 0.58 0.71
.07 5.59 4.87 3.85 4.48
.11 1.26 1.05 0.88 . 0.99
.18 3.57 2.91 2.56 2.89
.48 0.51 0.41 0.40 0.39
.19 3.43 2.54 2.48 2.05
.48 0.55 0.39 0.41 0.28

ses should show that LREE-depleted basalts also
coexist in this segment, as suggested above. On
the N-S§ segment, a N-MORB with typical LREE-
depleted pattern is found at station K14 (Fig.8),
but a flat REE pattern is found at station K15
indicating that some BABB affinity might persist
even on this more mature segment. On the short
174E segment, basalts showing depleted, flat and
slightly LREE enriched patterns coexist, showing
that the mantle source is probably quite heteroge-
neous below this segment, as it is also below the

L]

N160-and N15 segments. 87Sr/®Sr and '*3Nd/

144Nd ratios show the presence of small but distinct
regional scale variations, which support similar
conclusions (Nohara et al., 1989).

Along-strike variations

Another means by which the geochemical varia-
tions in the NFB basalts can be observed is by
plotting selected parameters as a function of the
latitude of the sampling site (Fig.9). The first of
these parameters is the axial bathymetry of the
spreading centre (Fig.9a). The different morpho-
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Fig.8. Rare earth element abundances normalized to chondrite (chondrite values after Sun and McDonough, 1989) for selected
samples from the NFB. (a) N160 segment =diamond; N15 segment =dot. (b) N-S segment =square; 174E segment =triangle.

logical styles of the four segments clearly appear,
with a smooth morphology for the N-S segment,
whereas strong bathymetrical irregularities appear
along the others, like the rise towards the triple
junction or the roughness of the 174E segment.
Preliminary results related the chemical along-
strike variability in the N15 segment to a heteroge-
neous mantle source below this segment (Eissen et

al., 1990). The present new data allow us to clarify
the situation. The most striking feature in Fig.9
lies within the N-S segment, which shows relatively
low and uniform Ba, Rb, K/P and (K/Ti)y
contents/ratios, as expected for N-MORBs. By
contrast, the basalts of the N160, N15 and 174E
segments show much higher average K/P ratios
(between 1 and 8 instead of ca.2 for the N-S
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segment). All segments except the N-S segment
display more variable Ba and Rb contents and (K/
Ti)y ratios (this latter ratio varies with Nb/Zr and
La/Sm ratios; Romeur, 1987). Therefore, a large
proportion of these basalts have a BABB affinity.
Moreover, the mantle source of the N15 segment
is probably heterogeneous because MORB and
BABB presently coexist on this segment. However,
the presence of N-MORB just east of the N160
axis (station T16; Sinton et al., 1991; Fig.2) and
the variability of the 174E segment probably indi-
cates that these segments also show the presence
of heterogeneous mantle sources along them. The

morphological and geochemical peculiarities of the
N-S segment compared to the others may be
explained by its maturity. Indeed, it is the only
spreading segment in the NFB which has been
functioning in a steady state since 3 m.y. B.P.; it
was not affected by the last reorganization (1 m.y.
ago) which created the N160 and NI15 segments
and their triple junction with the North Fiji Frac-
ture Zone (Auzende et al., 1988c).

Because the NFB is a large, old back-arc basin,
it is not directly influenced by the New Hebrides
subduction. Compared to a back-arc spreading
centre situated much closer to an active subduc-
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tion, such as the Mariana Trough (Saunders and
Tarney, 1984; Sinton and Fryer, 1987), enrichment
of LILEs, LREEs and volatiles in the NFB mantle
source as the basin gradually opened was much
less. However, beneath active spreading segments
such as N160, N15 and 174E, NFB upper mantle
can be locally slightly enriched in these elements
(compared to more typical N-MORB mantle
sources) and therefore heterogeneous; this is in
particular suggested by the (K/Ti)y ratio. The N-S
segment, which has been in steady state since
3 m.y., produces almost exclusively magmas of the
N-MORB type, in which the LILE and LREE
component has already been removed during
earlier stages of magma extraction. Therefore, the
mantle source below this N-S segment is signifi-
cantly depleted in these elements (Fig.8), as is the
case for the classical N-MORB mantle sources.

Summary and conclusion

(1) Oceanic spreading in the North Fiji Basin
(NFB) is occurring between 16°S and 21°30'S along
four segments which each exhibit a specific mor-
phology. This along-strike variability reflects the
lack of stability in this basin. This instability is
demonstrated by the 3 m.y. and 1 m.y. reorganiza-
tions of the spreading system, and, compared to
more classical mid-oceanic spreading centres, has
led to a relatively high number of features of local
instability such as OSCs and propagating rifts.

(2) Twenty four new sampling stations were
established along this spreading centre, and at each
plagioclase + olivine +clinopyroxene basalts were
recovered (plagioclase> olivine > clinopyroxene).
The petrogenesis of these basalts is essentially
controlled by low-pressure crystal fractionation.
However, mixing of more or less differentiated
compositionally closely related magma batches
may occur locally within a single magma reservoir.
These basalts have been described geochemically
and mineralogically segment by segment. They
have also been compared together with basalts
from the Mariana Trough, the Lau Basin and the
northern NFB.

(3) The N-S segment of the NFB spreading
ridge has a uniform morphology between 18°20'S
and 21°S. Basalts from this segment have mineral-
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'ogical, petrological and geochemical characteristics
typical of moderately evolved N-MORBs. This
spreading segment is the only one in the NFB that
has been functioning in a steady state since 3 m.y.
It has therefore reached a mature stage, compara-
ble to the more classical oceanic spreading centres,
with a LILE- and LREE-depleted mantle source.
However, a limited BABB geochemical signature,
such as that observed at station K15, may locally
occur along this segment.

(4) North and south of the 16°45'S triple junction
respectively the N160 and N15 segments show a
steep bathymetrical rise towards the triple junction,
Both segments have specific morphological charac-
teristics, i.e. an assymmetrical rift section for the
N160 segment and several instability features such
as OSCs and propagating rifts on the N15 segment.
The basalts are mostly characterized by LILE and
slightly LREE-enriched magmas suggesting a
BABB affinity, even though MORBs are also found
on the N15 and N160 segments. The presence of
magma of BABB affinity 500 km east of the active
New Hebrides subduction zone might be explained
by the youth of these segments. Active spreading
started here | m.y. ago, in the middle of an older
NFB crust with a possible marked BABB affinity.
Below these recently formed segments, the mantle
source is then heterogeneous, with some BABB
affinities being locally retained.

(5) Morphological, petrological and geochemical
data from the 174E segment indicate that this
segment, the one closest to the subduction zone,
is also producing both BABB and MORB magmas.
Therefore, the coexistence of basalts with depleted,
flat and slightly enriched REE patterns seems to
indicate that the mantle sources beneath this seg-
ment are also heterogeneous.

(6) Petrogenetically mature processes allow the
production of N-MORB magmas only on the most
steady-state segment, the N-S segment. BABB still
coexist today with MORB on the less stable and
more recently created segments. Furthermore, the
presence of 12m.y. old (K/Ar) MORB on the
northwestern margin of the NFB (Monjaret et al.,
1987) and of ferrobasalts with MORB affinity from
the area north of the Fiji Islands (Sinton et al,,
1991) indicates that MORBs have been produced
since the early development of the NFB.
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