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ABSTRACT 

Eissen, J.-P., Lefivre, 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 2 2 5 .  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% which fromnorth to south trend N160, NI5 and 
N-S (the fourth segment is the N-S trending segment located near 174E). 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 If: olivine Cclinopyroxene 
@lagioclase>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 my., 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, NI5 and 174E segments. Diagrams using Ba, 
Rb, K/P and (K/Ti)N (normalized to the chondrites) plotted against latitude 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 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 co~fifmed the present activity of the NFB 
and roughly located its main spreading areas (Ma- 

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

'Member of GDR 910, "Genèse et Evolution des Domaines 
Océaniques", Brest 
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Fig.1. Geodynamic features of the Southwest Pacific. Active subduction zones dipping towards the continent: T=Tonga; K= 
Kermadec. Active subduction zones dipping toa ards the ocean: NB=New Britain; S= Solomon; NH=New Hébrides. Paleo- 
subduction zones: NG= New-Guinea: O M =  West Melanesia; NS= North Solomon; V=Vitiaz; P=Pocklington. Active marginal 
basins (grey stipple): M=Manus; W= Woodlark: NFE=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 Leg 3 
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 
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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., 19886). 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- 

170'E 180' 

Fig.2. North Fiji Basin map with sample locations used in this 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 
KEOKI 1982 tripartite cruise (T13 tp T21, from Sinton et al., 1991). EZ.=fracture zone. Dashed lines=spreading centres. Arrow 
at the tip of a spreading centre indicates a propagating rift. Areas in less than 2000111 of water are shown in grey stipple. The 
active New Hebrides subduction zone is shown. Dashed lines with white triangles are paleo-subduction zones. 
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tations and morphologies. From north to south, 
they are as follows (Fig.2): 

(1) A NI60 segnieiit between ca.15'S aiid 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, 

(2) A NI5 segiiieiit between 16'50'S aiid 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 NI 60 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 seginetil bemeen 18'10'S aiid ca.2l'S. 
Compared to the other segments, the morphology 
of this segment is relatively flat, the axis being 
situated 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 174E segment, oriented NS-NI5 between 
20"40'S and 21'30S, and offset eastwards along lhe 
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-S 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). 

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 18'1O'S (Auzende et 
al., 1988a) and 4.6cm/yr along the NI5 segment 
for anomalies 1 and J (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.12 m.y.) and 
complex development is probably the result of 
unstable regional stress regimes. 

Sample preparation and analyticaI 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 (Staudige1 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 
c l % ,  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 11 1240 (VG-2) and 
1 13498 (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 basaltic plagio- 
clase & 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 

205 
I 

'olivine phenocrysts or xenocrysts in the most phy- j 
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. 

I 

NI60 segrnent 

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 HzOf 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-? Highly phyric plagioclase+ 
olivine & clinopyroxene basalts from station K5. 
These lavas exhibit a relatively unevolved bulk 
rock, with low FeO*/MgO (0.85 k0.03) and 
Tio2% (0.80 & O.lO), relatively high Cr 
(246 _+ 39 ppm) and Ni (1 13 _+ 11 ppm) contents 
(Table 3a), and glass (Table 4a) compositions. 

Type I-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 

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 Stakion I Latitudel Longitudelwater 1 Site I Recovery I 
I Number I South I East \Depth I I I 

I N160 .segment : I 

I SPS 3 I=S5 116'18.18'1173'33'13 I 3930 I western I 60 kg of pillows and lava I 
I D 5 I I to I to I to I flank of 1 with slight Mn coating and I 
I l 116'18.77'/173'31'10 I 3500 1 the ridge I sediment traces I 

I K 88 I=K29116'39.89'1173'49.24'1 2580 lridge near I 40 kg of Mn coated aphyric I 
I ST 29 I I to I to I to I the N160 I to phyric pillow basalts, SOI 
I D 6 1 116'40.45'1173'49.07'[ 2498 lgraben axis1 kg of consolidated sediments! 

I K 8 8  1=K17116'47.54'~174'01.46'1 2778 I triple I one highly phyric and one I 
I S T  17 I I to I to I to I junction I sub-aphyric basaltic pillow 1 
1 D 1 I 116'47.90'1174'01.69'I 2667 I area I I 

I K 87 I = K 5  116'53.60'1173'54.39'1 2205 I triple I 1.5 kg of highly phyric I 
I S T  5 1  I to I to I to I junction I basaltic pillow I 
1 D 3 I 116'53.42'1173'54.57'I 2101 1 area I I 

I N15 segment : I 
~~~~~~~~ ~ ~ 

1 K 8 7  I=K4 116'54.66'1173'54.66'1 1979 I axial I 61 kg of fresh to lightly I 
I S T  4 1  I to I to I to 1 graben I altered pillows and crusts I 
I D 2 1 116'58.67'(173'55.02'1 1960 I I of sub-aphyric basalt I 

I ST 4 I I to I to I to 1 graben I 1 kg of altered basalt I 
I DT A I 116'58.50'1173'55.64'1 1970 1 1 0.5 kg of glass scree I 
I K 87 I=K4A116'57.85'1173'54.97'/ 1964 I axial I 0.2 kg of M n  crust fragments1 

I K 87 1=K4B116'58.57'1173'54.76'1 1935 I axial I 0.5 kg of Mn crust fragments1 
I S T  4 1  I to I to I to I graben I 0.5 kg of light brown ooze I 
I DT B I 116'59.07'1173'55.48'1 1970 1 I 0.3 kg of basalt, 2 kg scree1 

I K 87 I=K8 117'09.50'1173'52.32'~ 2306 I axial I 24 kg of fresh sub-aphyric 1 
I S T  8 1  I to I to I to I graben I glassy crust of basalt I 
I D 5 I 117'09.17'~173'52.41'I 2323 I I 1 kg of sedimentry mud I 

I K 87 I=K9 117'19.86' 
I S T  9 1  I to 
I D 6 1  117'19.22' 

I K 87 1=K12117'36.05' 
I S T  12 1 I to 
I D 9 1  117'34.16' 

173'49.29'1 2506 I small I 36 kg of aphyric to modera- I 
to I to I axial I tly phyric glassy pillow ba-l 

173'48.60'1 2539 I graben I salt with limited alteration1 

173'46.15'1 2517 I axial I 1 kg of glassy phyric basalt1 
to I to I ridge I crust basalt 0.5 kg light I 

173'45.49'1 2494 I I brown mud 0 .5  kg of pumices I 

I K 87 I=K6A118'06.65'1173'28.62'1 2696 I axial I 17 kg of sub-aphyric to mo- I 
1 S T  6 I 1 to I to I to I ridge 1 deratly phyric lightly alte-1 
I DT A I 118'07.68'1173'29.98'1 2820 I I red basalt t sediment traces1 

I K 87 I=K6 118'05.96'1173'28.98'1 2816 1 axial I 10 kg of relatively fresh I 
I S T  6 I I to I to I to 1 ridge I aphyric pillow basalt 1 
I D 4 I 118'08.93'1173'29.45'1 2638 I I I 
1 SPS 3 I=S3 118'12.84f1173'24f01 1 2940 I on- I 80 kg of pillows and lava I 
I D 3 I [ to I to I to I axis 1 crusts with slight Mn I 
I I I18'13.6lf1173'25'15 I 2660 I volcano I coating I 

-II- 
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TABLE 1 (confinued) 

I Station I Latitudel Longitudelwater I Site I Recovery 
I Number I South I East (Depth I I 

I N-S segment : I 
I SPS 3 1 4 2  118'11.34'1173'34'96 1 2800 I off- I 25 kg : 1 massive bloc and I 
I D 2 1  I to I to I to I axis I 1 pillow of basalt slightly I 
I I 118'12.04'1173'36'90 I 2550 I ridge I altered + sediment traces I 

1 SPS 3 I=S4 118'34.00'1173'31'32 I 2870 I axial I 50 kg of fresh pillow and I 
I D 4 1  I to I to I to I graben I glassy lava crust of I 
I I 118'32.62'1173'31'09 I 2800 I I basalt I 
I K 87 I=K14118'49.51'1173'29.83'~ 2729 I axial I 33 kg fresh aphyric glassy I 
I ST 14 I I to I to I to I ridge I basaltic pillow, crust and I 
I D l 0 1  118'48.72'1173'29.53'1 2713 I I protuberance I 

I K 87 1=K15119'17:08'1173'27.33'1 2755 I axial I 200 kg fresh aphyric glassy I 
I ST 15 I I to I to I to I ridge I basaltic pillow, crust and 1 
I D l 1 1  119'15.44'1173'27.64'I 2696 I I protuberance I 

I SPS 3 I=SDT119'59.6 '1173'22.5 ' 1  2900 I axial I 60 kg of fresh pillows I 

I I 119'52.7 '1173'23.1 ' I  2700 I 1 of basalts I 
I DT I I to I .  to I to I graben I and glassy protuberances 1 

~~ ~ ~~ 

I SPS 3 I=Sl 119'57.87'1173'22'46 I 2900 I axial 1 50 kg of fresh pillows, I 
I D I I  I to I to I to I graben I glassy crusts and I 
I I 119'57.20'1173'22'10 I 2770 I I protuberances of basalts I 
I GT104 I=GT 120'26' 1173'24' I 2840 \ridge axis I few glass fragments I 

I 174' East segment : I 

I K 88 1=K21~21'02.18'~174'08.87'~ 2844 I axial I 50 kg of fresh glassy pillowl 
I ST 21 I I to I to I to I ridge I and lightly altered basalticl 
I D 3 1  121'01.86'1174'08.83'I 2820 I I pillow with thin Mn coating I 

I K 88 [=K23121'10.74'll74'11.03'1 2834 I axial I 22 kg of sub-aphyric'lightlyl 
I ST 23 I I to I to I to I ridge I altered basaltic pillow and I 
I D 4 1  121'10.29'1174'10.29'1 2844 I I crust with thin Mn coating I 

I K 88 1=K22121'23.76'1174'11.93'1 2653 I axial I 1 large pillow (70 kg) and 1 
I ST 22 I I to I to I to I ridge I 1 small pillow (2 kg) of I 
I D 5 1  121'22.63'1174'11.63'I 2501 I I aphyric basalt I 

~ ~ ~ ~~ ~ ~~ ~ 

I K 88 l=K22~21'26.70'~174'10.73'~ 2218 I axial 1 33 kg aphyric sheeted lavas I 
1 ST 22  I DT I to I to I to I ridge and I and basaltic pillow with 1 
IDT 9-10] 121'24.33'1174'10.20'1 2563 I seamount I thin Mn coating . I 

low FeO*/MgO (1.26f0.03) and Ni content 
(72f 1 ppm) (Table 3a) and glass (Table 4a) com- 
positions. The lower Cr (140ppm) 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 I-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 Tioz% (1.5S_f0.03) (Table 3a), 
and glass (Table 4a) compositions, despite rela- 
tively high Cr (286 & 37 ppm), Ni (1 17 & 6 ppm) 
and Ba (57+21 ppm) contents. 
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TABLE 2 

Summary of the sample morphology, mineralogy and modal content; lava types as 
distinguished in the text. Suniple n?orpliology: pillow =pillow lava; crust = lava crust; 
massive= pillow interior or massive flow; protub. =large pillow protuberance. Miner- 
alogy: phenocrysts = more or less equidimensional crystals, euhedral to xenomorphic 
with a length of > 500 pm; microphenocrysts = small euhedral to skeletal crystals 
with a length of between 100 and 500 pm; PL=plagioclase; OL=olivine; CPX= "L. 

[_______________I______________ 
1 K4 1 crust I 
I K4 2 crust I 
I K4 3 crust 
I K4 4 crust 
I K4 5 pillow 
I K 4  6 pillow 
1 K4 7 pillow 
I K 4  8 pillow 
1 K4 9 pillow 
I X4A 3 crust 
I K4A 4 crust 
( K4A 7 pillow 
1 K4B 1 crust 
1 K4B 2 crust 
1 K 8  1 crust 
I K8 2 crust 
I KO 3 crust 
1 K8 4 crust 
I K 8  5 crust 
1 K 8  6 crust 
I K 9  1 pillow 
I K9 2 pillow 

I K9 4 pillow 
I K 9  5 pillow 
I K 9  6 pillow 
I K12 1 crust 
I K12 2 crust 
I K12 3 crust 
I K12 4 crust 
I K12 5 crust 
I K12 6 crust 
J K32  7 Crust 
1 K12 8 crust 
I K6A 1 pillow 
I K6A 2 pillow 
I K6A 3 pillow 
I K6 1 pillow 
I K6 2 horn 
I K 6  3 pillow 
[ K 6  4 pillow 
I X6 5 pillow 
I K6 6 pillow 
1 53 o1 crust 

[ 53 0 3  pillow 
I 53 0 4  pillow 
I 53 05 pillow 
I 53 06 pillow 

I K9 3 pillow 

53 o2 pillcw 

1 53 o7 pillow 
1 53 08 pillow 
I 53 o9  pillow 
I 53 10 pillow 

IPL) 

i0L)  

P L  

IPL) 
P L  
PL 
PL 
P L  (CPXl 
P L  (OL) iCPX1 
PL OL 
PL OL CPX 

(PLI I 
LPL) I 
PL I 

I 

P L  (OL) I 
5:: OL CPX I 

P L  I 
PL I 
PL I 

(PL)  I 
(PL)  I 
(PLI . I  
IPL) I 
P L  I 
P L  OL CPX I 
P L  OL CPX I 
PL OL CPX I 
P L  OL CPX I 
P L  OL CPX I 
PL OL CPX I 
P L  OL CPX 1 
P L  3 L  CPX I 

PL (CPX) 1 P L  OL CPX I 
P L  OL I P L  OL CPX I 

I P L  OL CPX I 
(PL) (OLI I P L  OL CPX I 

I 
, P L  oi l 

I 

P L  
P L  
PL OL I P L  OL 
PL I P L  OL I 
PL I PL OL I 

(PL)  1 PL OL I 
PL 1 P L  OL I 

f PL OL 

ID1 I I PI. 01. 1 

I I A I 2 - I V  I 
I I SA I 2 - I V  I 
I 1 SA I 2 - I V  I 
I 1 SA I 2 - I V  I 
I I SA I 2 - I V  I 
I I A I 2 - I V  I 
I I A I 2 - I V  I 
I I A I 2 - I V  I 
I H I  A I  - I 
I H I  A I  - I 
I H I  S A I  - I 
I + (  A l  - I 
I H I  S A I  - I 
I I SA I 2 - V I  I 
I I SA I 2 - V I  I 
I I SA 1 2 - V I  I 
I I SA I 2 - V I  I 
I I SA I 2 - V I 1 1  
I I SA I 2 - V I 1 1  
I t I MPH I 2-1111  
I I MPH I 2-1111  
I I SA I 2-1111  
I I MPH I 2-1111 
i i SA I 2 - V I  I 
1 I MPH I 2 - V I  I 
1 1 LPH I 2-1 I 
I I MFH I 2-1 I 
I + I MPli I 2-1 I 
I + I FiPH I 2 - 1  I 
I I MPH I 2-1 I i + I MPH I 2-1 I 
I ' I M?H I 2-1 I 

~ _ -  ~- .- -, 
I P L  OL I 

(PLl  (OLI I PL OL I . . .  ~. 
PL OL i P L  OL I 
P L  OL 1 P L  OL CPX I 
PL OL I PI. J L  CP)! I 
P L  (OLI 1 P L  GL CPX I 
PL (OLI I P L  OL CPX I 
P L  OL I P L  OL CPX I 
P L  OL I P L  GL CPX I . . 
22 1 D I  1 o 1 1 + 1  I Pii 
P L  OL 1 P L  OL (CPX) I 1 I MPH 
P L  OL I PL OL I I I MPH 

I I MPH 
I + l  SA 
I + l  SA 
( + I  SA 
I I SA 
I I SA 
I I SA 
! I SA 
I I SA 
I I SA 

2-1 I 
2-1111 
2 -1111  
2 - 1 1 1  I 
2 - 1 1 1  1 
2 - 1 1 1  I 
2 - 1 1 1  1 
2-1111 
2-111 I 
2-1111 
2-v  I 
2-v  
2 - 1 1  I 

PL OL i P L  OL (CPX) I 1 + I MPH I 2-11 I 
PL OL I P L  OL I I I PH I 2 - 1 1  I 
P L  OL I P L  OL 1 + 1  I P H I 2 - V I  
P L  OL CPX I P L  GL CPX I I I PH I 2-V I 
P L  OL I P L  OL CPX I 1 I HPH I 2-V I 
P L  OL I P L  OL I + I + I PH I 2-11 I 

J.-P. EJSSEN ET AL. 
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PETROLOGY AND GEOCHEMISTRY OF THE NORTH FIJI BASIN 

TABLE 2 (continued) 
clinopyroxene (between parentheses =low octurrence); SP=spinels; A t  =alteration; 
i- =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: A=aphyric lava (less 
than 1% of crystals); SA =sub-aphyric lava ( I %  <crystals<5%); MPH=moder- 
ately phyric lava (5% <crystals< 15%); PH=phyric lava (15% <crystals<25%); 
HPH=highly phyric lava (25% <crystals). Laxa types are discussed in the text 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ist. Sa. Morph- I PHENOCRYSTS I MICROPHENOCRYSTSI I I I L a v a  I 
INb. Nb. logy I P L  OL CPX I P L  OL CPX I SPIAltl Mode l  Type I 
= = i l = - ~ ~ _ l ~ i l i . 3 = = = ~ = ~ ~ = = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = = = = = = = = = - - - - - = - = ~ = - = ~ = = = = ~ - - - = - = = ~ - - - -  

I N-S segment : I I 
1_______________1______________I________- - - - - - - - - l - - - l - - - l - - - - - i - - - - - - i  
I S2 1 m a s s i v e 1  P L  OL CPX I P L  OL CPX I 
I s 2  2 
I 5 4  o1  
I 5 4  02 
I 5 4  03 
I 54 04 
I 5 4  05 
I 5 4  06 
I S4 07 
I 5 4  08 
I 54 o9 
I 5 4  1 0  
1 K 1 4  1 
1 K 1 4  2 
I K 1 4  5 
I K 1 4  6 
I K 1 4  7 
I K 1 4  8 
1 K 1 4  1 0  
IK15 2 

crust 
crust 
pillow 
pillow 
pillow 
crust 
crust 
crust 
ciust 
crust 
crust 
pillow 
pillow 
crust 
h o r n  
h o r n  
crust 
crust 
DillOW 

I P L  OL 
I P L  IOLI 
I P L  
I PL  
1 1 0  
I ( P L )  
I PL  
I P L  
I P L  
I (PLI  
I (PL) 
I 
I 
l 
I 
I 
I ( PLI  
I 
I 

IK15 5 pillow 
1K15 6 pillow 
iK15 7 pillow 
IK15 8 pillow 
IK15 9 pillow 
lK15 10 pillow 
IK15 1 3  horn 
I S D T  O1 protub. 
ISDT 02 protub. 
ISDT 03 pillow 
ISDT 04 pillow 
ISDT 05 pillow 
ISDT 06 pillow 
ISOT 07 pillow 
ISDT O E  m a s s i v e  
ISDT O9 protub. 
ISDT 10 pillow 
I s1 O1 pillow 
I S1 O 2  crust 

( O L I  

IPL)  

PL  OL 
P L  OL 

P L  OL 
PL OL 
P L  OL 
PL OL 
P L  OL 
P L  Ot 
PL 
P L  OL 

I S1 03 crust I t t 
1 51 04 crust I P L  

I S1 0 6  crust I P L  OL 
I S1 O1 pcotub.1 , 1 O 
I S1 O8 protub.1 P L  

I s1 o5 pillow I PL  

I 09 DillOU I 

I P L  OL CPX I 
I P L  OL I 
I P L  OL I 
I P L  OL I 

o 1 3  1 0 1  
I I P L  OL 

I P L  OL I 
I I P L  OL 

I P L  OL I 
I P L  OL I 
I P L  OL I 
l P L  OL I 
l ?L OL I 
I P L  OL I 
l ( P L )  I 
I P L  OL I 
I P L  OL I 
l ( P L )  I 
I P L  OL I 

I l P L  OL 
I I P L  OL 

I P L  OL (CPXI I 
I I P L  OL 

I P L  OL I 
I I P L  OL 

l P L  OL I 
I PL IOL) (CPX) I 
I P L  OL (CPX) I 
I P L  OL ICPX) I 
I ( P L )  (CPX) I 
I P L  OL CPX I 
I ?L OL (CPXI I 
I P L  OL CPX I 
I PL  OL (CPX) I 
I PL  OL (CPX) I 
I . PL  OL (CPX) I 
I P L  OL (CPX) I 
I P L  OL CPX I 

t I  2 1 0 1  
I P L  OL CPX I 
I P L  OL CPX I 
I P L  OL CPX I 

o 1  1 t t I  
I P L  OL cex I 
I P L  OL CPX I 

I 51 10 pillow I P L  CPX I P L  OL CPX I 
I 51 11 p i l l o w  I P L  CPX I P L  OL CPX I 
I GT104 g l a s s  I I P L  OL CPX 1 
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I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
l 
I 
I 
I 
I 
l 
l 
I 
l 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i + i MPH i 3 - I I I ¡  
I t I SA I 3-1111 

I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 1 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 1 
1 SA I 3-11 I 
I A I 3-IV I 
I SA I 3-11 I 
I SA I 3-11 I 
I A I 3-IV I 
I SA I 3-1111 
I SA I 3-1111 
I SA I 3-1111 
I SA I 3-1111 
I SA I 3-1111 
I SA I 3-1111 
I SA I 3-11 I 
I SA I 3-1111 
1 A I 3-11 1 
I SA I 3-11 I 
I SA 3-11 I 
I A I 3-1111 
I SA I 3-11 1 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I, SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 1 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
I SA I 3-11 I 
i SA I 3-1 I 

I _______-_______I_---__________j_________--------~---~---~--~--~------~ 
I 174' East segment : l I 
1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - ~ - - - ~ - - - ~ ~ - - - - ~ - - - - - - ~  

l K Z l  6 pillow I PL  I P L  

lK21 1 pillow I O L  I P L  OL I I I SA I 4-1 I 
lK2l 2 pillow I PL  OL I P L  OL I I I SA I 4-1 I 

I I I SA I 4 -1  1 
lK2l 8 pillow I OL I P L  OL I I I SA I 4-1 I 
IK21 27 pillow I I P L  OL I I I SA I 4 - 1  I 
lK21 26  pillow I OL I P L  OL I I I SA I 4 - 1  I 
lK21 29 pillow I OL I P L  OL I I I SA I 4 - 1  I 
IK23 1 4  pillow I P L  OL CPX I P L  (OL) CPX I I + I MPH I 4-11 I 
lK23 15 pillow I P L  OL I P L  OL CPX I I I MPH 1 4-11  I 
1K23 1 6  pillow I PL  OL I P L  OL I I I SA I 4 -11  I 
IK23 1 7  crust I PL  OL I P L  OL I I t I SA I 4 -11  I 
IL23 1 8  crust I P L  01. I P L  OL I I I SA I 4 - 1 1  f 
I K Z ~  19 pillow I P L  or. I P L  OL I I I SA I 4-11 I 
IK23 20 pillow I P L  OL I P L  OL CPX I I I MOH I 4 - 1 1  I 
IK22 1 pillow I (PI.) I P L  (OL) CPX I I + I MPH I 4 - I V  I 
IK22 2 pillow I PL  CPX I Pi OL CPX I I + I HPH I 4 - I V  I 
IK22 3 pillow I P L  OL I P L  (OL) CPX I I + I SA I 4 - I V  I 
IK22DT2 pillow I I P L  CPX I I + I SA I 4 - 1 1 1 1  
P========E=========E=S========I=PE= 

I 

, .  



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 
Fe0 (=0.9 x Fe,O,) 

S t a t i o n  s5 55 55 s5 s5 s5 55 S 5  K29 K29 K29 K29 K29 K29 K17 K17 K 5  K 5  
Sample O1 02 0 3  04 O 5  06 0 7  O8 2 3 4 5 8 11 1 2 1 2 
Lava t y p e  1-111 1-111 1-111 1-111 1-111 1-111 1-111 1-111 1 - I V  1 - I V  1 - I V  1 - I V  1 - I V  ' 1 - I V  1-11 1-11 1-1 1-1 
Mode MPH PH MPH MPH MPH MPH MPH M P H  MPH MPH SA MPH MPH SA HPH SA HPH HPH 

s í 0 2  
T i 0 2  
A1203 
Fe203 
MnO 
, MgO 
. Ca0 

Na20 
K20 
p205  
H2O+ 
H20- 
T o t a l  

FeO*/MgO 

R b  
sr 
Ba 
V 
cr 
CO 
Ní 
CU 
Zn 

49.10 
1 .61  

16.02 
8.98 
0 .15  
7 .43  

12.13 
2.66 
0 .31  
0.20 
0.58 
0 .41  

99.58 

1.06 

5 .0  
1 9 1  

4 5  
237 
303  

46 
1 1 9  
71 
7 6  

49.80 
1.59 

16.02 
8.79 
0.15 
7.54 

12.22 
2.55 
0 .36  
0.10 
0 .35  
0.27 

99.74 

1 .03  

6.0 
190  

70 
246  
308  

46 
1 2 8  

7 1  
7 5  

50.00 
1 .63  

16.29 
8.65 
0.15 
7.09 

12 .23  
2.60 
0 . 3 1  
0.10 
0.43 
0 . 4 1  

99.89 

1.07 

5.0 
2 1 1  

70 
239 
306  

4 3  
120 

69 
74 

50.00 
1 . 5 4  

15.92 
9.84 
0.17 
7.69 

12.04 
2.50 
0.29 
0.10 
0.12 
0.19 

100.40 

1.13 

5 .0  
1 7 5  

64 
239 
292 

4 1  
'104 

68 
77 

50.00 
1 .61  

15.99 
9 - 0 0  
0.16 
7.97 

12 .18  
2.58 
0.39 
0 .10  
0.02 
0.15 

100 .15  

0.99 

7.0 
1 8 1  

64 
249  
305  

4 3  
1 1 4  

70 
74 

50.00 49.80 50.10 
1 .58  1 .53  1.57 

16.09 16.00 15 .78  
9.04 8.72 9.62 
0.15 0 . 1 4  0.17 
7.49 7.78 7.64 

12 .33  12.34 12 .08  
2.54 2.53 2 . 5 5  
0 .40  0.34 0 .42  
0.10 0.10 0.10 
0.20 0.56 0 .14  
0 .15  0.43 0 .21  

100.07 100.27 100 .38  

1 .06  0.99 1.11 

7.0 6 .0  9 .0  
217 184 178  

70 70 58 
236  237 230 
300 294 300 

4 4  4 6  4 5  
116  118 1 1 4  
13 68 7 0  
76 7 3  7 3  

49.50 
1 . 8 7  

14 .71  
10 .49  

0.20 
7 .27  

1 1 . 6 6  
2.82 
0.26 
0.10 
0 .06  
0 .11  

99.05 

1 .27  

6.0 
1 8 5  

27  
268 
200 
41 
84 
72 
8 1  

49.30 50.10 
1.80 1.78 

15 .65  14.86 
1 0 . 8 3  10 .05  

0.18 0.17 
7.08 7.37 

11.36 1 1 - 8 0  
2.57 2.86 
0.28 0 .22  
0.20 0.20 
0.32 0.03 
0.21 0 .11  

99.78 99 .55  

1 . 3 5  1 .20  

5.0 4.0 
158  1 8 5  

42 30 
272 270 
253  208 

42 40 
100 7 1  

6 1  60  
88 80  

50 .15  49.50 
1 . 7 7  1 1 7 6  

14 .73  14 .52  
10 .43  1 0 . 6 3  
0.17 0.18 
7.24 7 .18  

11.64 11-50 
2.86 2.87 
0 .29  0 .33  
0.20 0.20 
0.22 0 . 1 5  
0 .12  0 .12  

99.82 98.94 

1 . 2 7  1 . 3 0  

6.0 7 .0  
184  185 

2 7  27  
275 257 
204 2 0 5  
41 3 9  
7 6  7 0  
70 7 6  
7 9  7 9  

49.60 
1 .74  

14.54 
10 .85  

0.18 
7.00 

1 1 . 5 4  
2 .82 
0.37 
0.20 
0 .25  
0.17 

99.26 

1 . 3 6  

8.0 
1 8 1  

30 
263  
225  

4 0  
92 
70 
8 1  

49.30 49.80 
1 .27  1 . 4 7  

18 .48  1 4 . 8 1  
8.96 10.62 
0.15 0.18 
6 .11  7 .63  

1 2 . 4 1  1 1 . 9 3  
.2 .51 2 . 9 1  
0.19 0 .11  
0 .05  0 .05  
0.22 0.54 
0.07 0 .05  

99.72 100.10 

1 . 2 9  1.22 

4 .0  3.0 
1 4 1  131 

24 26  
2 2 3  258 
1 4 0  259  

3 6  4 3  
7 3  7 1  
6 5  94 
66 7 5  

48.80 
0.69 

23.96 
5.00 
0.09 
5.38 

13 .86  
1 . 7 9  
O .O6 
0.10 

-0.22 
0.08 

99.59 

0 .82  

2 . 5  
127  

15 
124 
207 

2 3  
1 0 1  

5 0  
4 4  

._ .. 

49.50 
0.90 

20.20 
7.17 
O . 1 4  
7 -20 

1 2  : 62 
2 .06  
0.08 
o .10 

-0.35 
0.12 

99.74 

0.88 

3.0 
1 1 6  
15 

1 7 5  
282 

33 
124 

67 
60 
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Bulk rock analyses for the N15 segment 
. .  

Station KI K4 K4 K4 KI K4 KI K4 K4 K4A KIA K4A KIB K4B K8 K8 K8 K8 K8 K8 K9 K9 K9 K9 K9 K9 
Sample 1 2  3 4 5 6 1 8  9 3 4 1 1  2 1 2  3 4 5 6 1 2  3 4 5 6 

Moda A A SA SA SA SA A A A A A SA A SA SA SA SA SA SA SA MPH W H  SA MPH SA MPH 
La"a type 2-IV 2-IV 2-IV 2-IV 2-1v 2-IV 2-IV 2-IV 2-IV - - - - - 2-VI 2-VI 2-VI 2-VI 2-VI1 2-VI1 2-111 2-111 2-111 2-111 2-VI 2-VI 

51.20 
1.53 
14.24 
11.20 
0.19 
6.90 

11.19 
2.90 
0.11 
0.10 

-0.50 
0.11 
99.23 

51.30 
1.55 
14.21 
11.31 
0.19 
6.84 

11.22 
2.92 
0.11 
0.12 

-0.51 
0.14 
99.52 

51.35 51.60 
1.55 1.51 

14.11 14.21 
11.11 11.22 
0.19 0.19 
6.94 1.04 

11.22 11.16 
2.91 2.88 
0.11 0.13 
0.10 0.10 
-0.51 -0.13 
0.09 0.05 
99.36 99.42 

50.50 
1.50 
14.80 
10.80 
0.18 
1.11 
11.35 
2.90 
0.14 
0.10 

-0.24 
0.19 
99.33 

51.20 51.40 
1.51 1.58 
14.20 14.10 
11.14 11.01 

50.90 
1.58 

14.30 
11.08 
0.19 
6.84 
11.21 
2.88 
0.11 
0.10 

-0.43 
0.16 
98.98 

51.50 
1.55 
14.09 
11.13 
0.19 
6.89 
11.03 
2.89 
0.16 
0.10 

-0.46 
0.21 
99.28 

49.00 49.80 
1.85 1.87 

16.55 15.90 
8.20 9.01 
0.20 0.16 
8.13 8.07 
10.64 10.69 
2.31 2.16 
0.16 0.17 
0.35 0.35 
0.41 0.09 
0.24 0.09 
99.20 99.62 

49.25 51.30 49.60 
1.90 1.66 1.84 

15.10 14.23 16.82 
9.24 11.32 7.82 
0.13 0.19 0.14 
1.30 6.12 1.89 
10.65 10.60 10.16 
2.88 3.00 2.89 
0.18 0.45 0.01 
0.35 0.20 0.10 
0.68 -0.44 0.33 
0.25 0.03 0.26 
99.11 Y9.40 99.02 

51.50 51.50 51.50 
1.41 1.44 1.44 
13.18 13.92 13.68 
12.41 12.51 12.32 
0.21 0.21 0.21 

51.30 50.10 50.15 
1.41 2.41 2.48 
13.10 13.90 13.92 
12.31 12.90 12.11 
0.21 0.20 0.20 

50.35 50.50 51.00 50.15 
1.34 1.52 1.24 1.41 

14.61 14.11 14.24 14.44 
11.08 10.39 10.13 11.18 
0.17 0.11 0.18 0.11 
1.38 7.48 7.39 1.43 
11.84 11.97 11.76 11.98 
2.15 2.16 2.81 2.16 
0.13 0.13 0.12 0.13 
0.10 0.10 0.10 0.10 

-0.09 -0.13 -0.40 -0.40 
0.11 0.10 0.10 0.09 
99.83 100.07 99.21 100.04 

51.15 51.00 
1.59 1.62 
13.68 13.66 
12.55 12.88 
0.21 0.21 
6.38 6.41 
10.41 10.53 
2.97 2.94 
0.26 0.19 
0.12 0.12 

-0.41 -0.57 
0.15 0.09 
99.06 Y9.08 

0.19 0.19 
6.93 1.13 6.12 6.81 6.16 

10.85 11.06 11.03 
2.92 2.88 2.85 
0.15 0.19 0.21 
0.12 0.10 0.10 

-0.61 -0.56 -0.50 
0.10 0.19 0.11 
99.24 100.30 100.08 

11.08 11.06 
2.89 2.81 
0.10 0.22 
0.10 0.10 

-0.43 -0.31 
0.11 0.18 
99.22 99.51 

FeO*/MqO 1.43 1.46 1.42 1.40 1.34 1.41 1.31 1.43 1.42 0.89 0.89 1.11 1.48 0.87 1.62 1.65 1.63 1.61 1.65 1.65 1.32 1.29 1.18 1.32 1.13 1.12 

Rb 
Sr 
Ba 
V 
CT 
CO 
NI 
CU 
2" 

4.5 
130 
35 
290 
135 
10 
50 R I  

4.5 
130 
30 
285 
129 
40 
50 
fi7 

5.0 
126 
30 

285 
129 
40 
50 
88 

5.0 
125 
30 
285 
129 
40 
49 
86 

4.0 
138 
25 
280 
246 
38 
59 
98 

5.0 
129 
30 
293 
128 
40 
53 
82 

5.0 
128 
35 
300 
126 
41 
51 
82 

5.0 
129 
30 
295 
123 
43 
50 
84 

5.0 
128 
40 

285 
126 
41 
50 
83 

16.0 
260 
180 
220 
213 
32 
159 
51 

11.0 
260 
199 
202 
21 5 
31 
157 
51 

11.0 
261 
191 
220 
209 
32 
145 
61 

11.0 
160 
140 
245 
56 
44 
45 
18 

18.0 
269 
232 
180 
220 
36 
150 
53 

5.0 
110 
51 

215 
110 
46 
43 
80 

5.0 
113 
33 

213 
109 
46 
40 
81 

5.0 
109 
25 

260 
106 
46 
41 
82 

4.0 
112 
33 
255 
108 
41 
40 
80 

5.0 
114 
25 
316 
93 
43 
42 
18 

5.0 
113 
25 
326 
92 
43 
42 
11 

4.0 
121 
10 

210 
159 
40 
49 
91 

3.5 
121 
20 
251 
160 
41 
50 
91 _ _  

86 86 8i 86 79 86 86 86 86 61 61 122 90 93 99 94 95 98 98 91 19 82 . 

53 
10 

2-v 
PH 

Station K12 K12 K12 K12 K12 K12 K12 KI2 K6A K6A K6A K6 K6 K6 K6 K6 K6 53 53 53 53 53 53 53 53 S3 
sample 1 2 3 4 5 6 1 8 1 2 3 1 2 3 4 5 6 O1 02 03 04 05 06 O1 O8 09 
La"a type 2-1 2-1 2-1 2-1 2-1 2-1 2-1 2-1 2-111 2-111 2-111 2-111 2-111 2-111 2-111 2-111 2-111 2-v 2-v 2-11 2-11 2-11 2-11 2-v 2-v 2-11 
mode MPH MPH MPH MPH MPH MPH HPH MPH SA SA SA SA SA SA SA SA SA PH MPH HPH MPH PH PH PH MPH PH 

50 48.30 48.00 49.10 49.60 49 15 49.40 50.30 51.30 51.15 51.50 51 40 51.20 5 0 . 5 0  50.40 50.00 50.10 49.70 50.00 50 

35 16.98 16.26 16.81 16.10 16 69 11.00 14.83 15.04 15.08 14.33 14 43 14.41 15.25 15.61 11.21 16 
15 9.30 9.62 9.04 9.60 9 20 9.04 10.54 10.18 10.22 11.20 I l  22 11.55 11.49 11.33 8 . 8 5  9 
99 0 . 5 8  0.56 0.34 0.45 O 39 0.34 0.16 0.11 0.11 0.18 O 
12 1.16 1.23 1.30 7.40 1 40 1.56 7.48 1.47 1.41 1.51 1 
66 11.94 12.02 12.11 11.09 12 O8 12.21 11.12 10.84 10.19 11 

41 2.38 2.61 2.62 2.65 2 
13 0.11 0.55 0.51 0.51 O .O8 0.12 0.07 0.11 0.13 0.18 0.14 

.O5 0.05 0.05 0 . 0 8  0.10 0.05 0.05 

.36 -0.16 -0.31 -0.50 -0.30 0.04 -0.42 

.O1 0.09 0.04 0.09 0.18 0.12 0.11 
36 100.25 99.68 99.88 100.06 99.62 99.76 99.15 99.43 100.03 99.36 99.65 

95 0.89 0.93 0.93 1.02 o 94 0.93 1.33 1.22 1.23 1.39 1 39 1.42 1.68 1.58 1.10 1.20 1.10 1.09 1 

FsO*/MsO 1.04 1.46 1.14 1.11 1.09 1.13 1.0) 1.05 1.24 1.20 1.20 1.31 1.29 1.31 1.32 1.33 1.33 1.56 1.51 1.01 1.01 1.12 1.06 1.54 1.66 1.18 1.56 

Rb 
S r  
Ba 
V 

3.0 
145 

3.5 
269 
136 
198 

3.0 
112 
11 
114 
284 
48 
113 
94 
18 

3.5 
118 
11 
180 
315 
52 
106 
160 
8 6  

3.5 
151 
34 

3.5 
166 
60 

115 
322 
51 
101 
135 
19 

3.5 
160 
43 
178 
313 
50 
101 
121 
14 

3.0 
153 
51 

10.0 
134 
85 

10.0 
129 
125 
230 
285 
40 
110 
66 
81 

10.0 
130 
109 

4.0 
91 
15 

4.0 
93 
15 

295 
292 
41 
86 
13 

3.5 
93 
10 

3.5 
93 
IO 

320 
282 
43 
15 
14 

3.5 
93 
10 

300 
203 
41 
78 

3.5 
93 
10 

314 
283 
41 
16 
15 

2.5 
108 
15 

2.5 
108 
35 

282 
134 
39 
56 
64 

1.5 
110 
20 
221 
303 

1.5 
104 
20 
240 
325 
39 

2.5 
112 
32 
213 
296 
31 
80 
86 

1.5 
110 
11 

2.5 
109 
24 

285 
135 

3.0 
109 
25 

4.0 
111 
10 

21 9 
294 
31 
81 
18 

2.5 
110 
10 

306 
129 

43 
166 
322 
40 
88 
86 
64 

-. 
161 
315 
48 

101 
144 
18 

~~ 

181 
322 
45 

102 
104 
10 

241 
'256 
38 
115 
66 

241 
284 
40 
108 
65 

305 
286 
38 
18 
13 

313 
281 
40 
19 
14 

304 
134 

230 
295 
31 
81 
14 

314 
136 
40 
56 
70 

C r  
CO 
111 
CY 
2" 

285 
84 
193 
194 
119 

. ~ .  
40 
52 
68 

46 
86 
84 

~~~ 

40 
51 
62 
86 

~~ 

41 
55 
65 
90 

81 
81 
14 

14 
86 89 89 89 89 89 89 90 91 90 64 66 66 93 65 



TABLE 3c 

Bulk rock analyses for the N-S segment i 

.. . 
statlon S2 52 54 54 2; 22 14, .S; . 2: 
Sample 
Lava type 3-111 3-111 3-11 5. 
Mode 

:t K14 K14 K14 K14 K14 K14 K15 K15 K15 K15 K15 
5 6 0 10 2 5 7 0 9 1 7 

MPH SA . SA 
50.35 
1.79 

so. O0 
1.79 
14.40 
11.03 
0.10 
7.12 

11.45 
2.52 
0.21 
0.10 

-0.32 
0.15 
99.51 

50.00 
1.59 
14.92 
11.65 
0.10 
1.40 

49.00 
1.53 
14.00 
11.59 
0.19 
7.77 

12.19 
2.50 
0.06 
0.10 

-0.00 
0.07 
99.00 

49.50 
1.55 
19.00 
11.72 

49.75 
1.56 

14.93 
11.66 

49.95 
1.57 

14.92 
11.52 
0.18 
7.73 

49.00 
1.40 

14.61 
11.91 
0.19 
7.05 

11.21 

49.90 
1.50 

14.07 
11.64 
0.10 
7.84 
12.06 

50.00 
1.56 
14.07 
11.75 
0.18 
7.01 
12.10 
2.49 
0.07 
0.10 

-0.72 
0.00 

100.29 

48.75 
1.58 
14.93 
11.56 
0.10 
7.09 
12.17 
2.53 
0.07 
0.10 

-0.65 
0.00 
99.19 

50.00 
1.55 

49.00 
1.54 
14.43 

50.50 
1.50 

14.22 
12.17 
0.19 
7.77 
11.73 
2.32 
0.09 
0.00 

-0.64 
0.06 

100.07 

50.30 
1.48 
14.30 
12.14 

50.30 
1.00 

14.25 
12.40 
0.19 
7.30 

50.00 
1.48 

14.10 
12.40 
0.19 
7.84 
11.74 
2.34 
0.10 
0.12 

-0.64 
0.06 
99.73 

50.00 
1.80 
14.20 
12.37 
0.19 
7.30 
11.21 
2.56 

49.20 
1.02 
14.80 
11.69 
0.18 
7.73 
11.47 
2.65 
0.16 

49.70 
1.02 

14.76 
11.75 
0.18 
7.73 
11.45 
2.65 
0.16 
0.20 

-0.62 
0.07 
99.85 

49.75 
1.09 
14.79 

49.75 
1.05 

14.95 
11.75 
0.10 
7.71 

11.37 
2.67 
0.16 
0.15 
-0.53 
0.12 

100.13 

49.25 
1.78 

14.56 
11.01 
0.18 
7.77 

11.61 
2.67 
0.16 
0.20 

-0.53 
0.11 
99.57 

14.09 
11.67 
0.10 
7.07 
12.23 
2.52 
0.07 
0.10 

-0.53 
0.07 

14.55 
11.68 
0.10 
6.99 

11.43 
2.55 
0.20 
0.10 

-0.20 

~. 
11.69 
0.10 
7.69 

11.39 
2.69 
0.16 
0.15 

-0.52 

12.20 
0.19 
1 1 4  

0.19 
7.02 
11.72 11.21 
2.31 2.59 
0.09 0.22 
0.10 

-0.82 
0.04 
99.75 

0.10 
7.78 

0.18 
7.00 

MnO 
MgO 
Ca0 
Na20 
K>O 

... . 
11.69 
2.31 
0.09 
0.10 

-0.03 

. . .. 
12.12 
2.46 
0.07 
0.10 
-0.00 
0.07 
99.76 

12i19 
2.52 
0.07 
0.10 

-0.60 
0.10 
99.91 

12.15 
2.51 
0.07 

12.06 
2.49 
0.07 
0.10 

-0.64 
0.11 

100.06 

2.44 
0.10 
0.10 
-0.60 
0.03 

99.12 

2.49 
0.07 
0.10 
-0.68 
0.09 

100.06 

0.22 
0.15 

-0.64 
0.05 
99.73 

. . ~ ~  
0.20 

-0.64 
0.07 
99.89 

0.20 
-0.50 
0.11 
99.51 

... 
0.10 

-0.64 
0.10 

100.17 
0.07 

99.93 
0.04 
99.30 0.12 

99.66 100.62 

FeO*/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 1.39 1.30 1.37 1.49 1.39 1.49 1.33 1.34 1.34 1.34 1.34 

Rb 
S K  
Ba 
V 
cr 
: CO 
NI 
CU 
Zn 

3.6 
117 
20 
295 
232 
44 
106 

4.5 
117 
20 

.300 
232 
43 

104 
79 
99 

2.0 
96 
4n 

2.0 
94 
7 s  

2.0 
94 
30 
285 
297 
43 
94 
71 
86 

2.0 
96 
23 

2.0 
96 
17 
291 
297 
44 

2.4 
95 
to  

300 
315 
45 

2.0 
93 
17 
285 
291 

2.0 
96 
30 
290 
2 97 

2.0 
97 
35 
291 
295 

2.0 
96 
25 

293 
297 
44 
94 
75 

3.0 
R4 

3.5 
04 

3.0 
03 
30 
305 
273 
42 
90 
73 
93 

5.0 
141 
49 

306 
137 
40 
69 
60 
97 

3.5 
83 
15 

312 
204 
43 

100 
76 
96 

5.5 
141 
40 

290 
140 

3.5 
117 
20 

291 
264 
40 

101 

3.5 
116 
20 

301 
265 
39 

IO1 

3.5 
110 
20 

209 
265 
40 

103 
I1 
95 

3.5 
110 
25 

292 
262 
40 
104 
70 
91 

3.5 
120 
20 

200 
260 
42 

104 
69 
92 

20 
300 
272 
41 
90 
76 

20 
307 
272 
40 
98 
71 
94 

._ 
292 
299 
44 
92 
71 

_. 
294 
295 
44 
97 
71 
87 

287 
295 
43 
93 
71 
85 

44 
71 
69 . 
97 

44 
93 
91 
86 

44 
94 
72 
86 

44 
93 
72 
06 

. .  
93 
73 
05 

102 
60 
09 

69 
93 

70 
92 70 

99 06 95 07 

Station K15 K15 SOT SOT SDT SOT SDT SDT SDT SOT SOT SDT S1 51 51 S1 51 SI S1 S1 S1 S1 S1 

Sample 10 13 O1 02 03 04 05 06 07 O0 O9 10 O1 02 03 04 O 5  06 07 O0 O9 10 11 

Lava type 3-11. 3-111 3-11 3-11 3-11 3-111 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 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 

Si02 50.00 49.50 49.80 50.55 50.20 49.20 50.00 50.20 49.50 49.00 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 
Tl02 1.50 1.08 1.61 1.30 1.37 1.00 1.47 1.42 1.44 1.36 1.30 1.34 1.53 1.54 1.54 1.67 1.63 1.54 1.53 1.55 1.55 1.66 1.66 
Al203 14 59 13 79 14 43 14.06 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 14.30 14.50 14.06 14.14 
Fe203 11'50 12:80 11:79 11 07 11.03 11.76 11.17 11.10 11.25 11.21 11.21 11.16 11.32 11.53 11.61 12.15 12.03 11.52 11.40 11.31 11.33 12.15 12.05 
Mno 0119 0.20 0.19 0110 0.10 0.19 0.10 0.10 0.10 0.10 0.10 0.10 0.18 0.10 0.18 0.19 0.19 0.19 0.20 0.20 0.20 0.19 0.19 

7.74 7.49 7.57 7.06 7.03 7.55 7.09 7.01 7.86 7.00 7.04 7.92 7.05 7.76 7.05 7.51 7.51 7.74 7.85 7.86 7.73 7.44 7.41 
11.11 11-60 12.50 12.72 12.74 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 11.60 11.77 Cao 

Na20 2.72 2.51 2.47 2.35 2.21 2.54 2.34 2.36 2.35 2.37 2.36 2.34 2.51 2.55 2.53 2.58 2.56 2.55 2.52 2.50 2.51 2.54 2.55 
0.15 0.09 0.11 0.00 0.00 0.14 0.09 0.10 0.10 0.10 0 . 0 8  0.00 0.10 0.09 0.00 0.09 0.10 0.00 0.07 0.07 0.00 0.09 0.10 
0.15 0.12 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

p205 -0.69 -0.09 -0.57 -0.70 -0.52 -0.29 -0.60 -0.40 -0.47 -0.39 -0.79 -0.60 -0.47 -0.59 -0.75 -0.75 -0.69 -0.79 -0.84 -0.03 -0.79 -0.64 -0.50 
O 06 0.00 0.09 0.05 0.06  0.20 0.06 0.10 0.11 0.12 0.06 0.06 0.00 0.06 0.03 0.05 0.06 0.04 0.02 0.02 0.03 0.09 0.10 

H20 
H2O- 
Total 99110 99.17 100.09 100.42 99.99 99.53 99.92 100.10 99.66 99.92 99.23 99.97 100.24 99.95 99.74 99.92 99.90 99.97 99.44 99.27 99.73 99.36 100.05 

MgO 

K20 

FeO*/HqO 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 1.41 1.31 1.20 1.27 1.29 1.44 1.42 

Rb 
Sr 
Ba 
V 
Cr 
CO 
NI 
CU 
zn 

4.0 
116 
66 
270 
290 

3.0 2.5 
112 
20 

302 
240 
43 
71 
02 

2.0 
105 

2.0 
105 
30 

2.5 
111 
23 

300 
241 
44 
72 
00 
88 

2.0 
104 
15 

290 

2.0 
104 
20 

2.0 
104 
25 
205 
197 

2.0 
104 
17 
280 
199 
44 

2.0 
104 
23 

263 
198 

2.5 2.0 
112 
30 

200 
290 
44 
93 
77 
00 

2.0 
110 
25 

2.0 
112 
20 

205 

2.0 
106 
17 
294 

2.0 
100 
17 

296 
224 

2.0 
111 
17 
285 
272 
44 

2.0 
112 
10 

278 
207 
43 

2.0 2.0 
112 
10 

2.0 
105 
20 

300 
225 
44 
72 
77 
91 

2.0 
107 
20 

112 
10 

201 
209 
43 
09 
01 

104 
14 

266 
196 
46 
00 
81 
00 

.. 
95 
10 

340 
224 

73 .. 
270 
2 90 
44 
80 

303 294 
270 
44 

-~ 
282 
201 
43 
00 
02 
01 

287 
200 
42 
10 

285 
197 235 

43 
70 
73 
09 

277 
44 
90 
00 
04 

213 
44 
74 
76 
89 

197 
44 
75 
03 
02 

42 
70 
80 
80 

44 
79 
01 
81 

44 
78 
06 
81 

43 
79 
04 
90 

44 
105 
74 

42 
83 
69 

102 

.. 
91 
02 
84 

06 
83 
03 

89 
00 
01 

03 
01 
82 

01 
01 

- -  
02 
82 00 

09 06 

3 
o_ 
4 W 
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Bulk rock analyses for the 174E segment 

4 
S t a t i o n  K21 K21 K21 K21 K21 K21 K21 K23 K23 K23 K23 K23 K23 K23 K22 K22 K22 K22DT 5 
Lava t y p e  4 - 1  4-1 4 - 1  4 - 1  4 - 1  4 - 1  4 - 1  4 -11  4 -11  4 - 1 1  4-11 4 - 1 1  4 - 1 1  4 - 1 1  4 - IV  4 - I V  4-IV 4 - 1 1 1  0 
Mode SA SA SA SA SA SA SA MPH MPH SA SA SA SA MPH MPH MPH SA SA 2 
S i 0 2  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 2 
T i 0 2  2.26 2 . 2 5  2.29 1 .80  1 . 8 1  1 . 9 9  1 . 9 4  1.40 1 . 4 0  1.50 1.49 1.49 1 . 4 1  1 .40 1.17 1.19 1.22 1.57 m 
A1203 15.40 15 .27  15 .35  15 .37  15.51 1 5 . 3 8  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 1 0 . 2 5  10.20 9.56 9.98 10.64 11-00 10.64 10.24 1 0 . 5 1  9.85 10 .10  9.80 10.79 2 
MnO 0.18 0.18 0.18 0.18 0.17 0.17 0.18 0.17 0.18 0.18 0.26 0.21 0.20 0.18 0.17 0.17 0.16 0.18 

9.00 8 .93  9.11 9.42 9.32 9 .32  9.41 7.20 7.53 7.99 7.46 7 . 8 1  7 . 7 6  7.73 5.50 5.70 5.55 6.50 
1 0 . 1 6  10.08 10 .12  10.47 10 .39  10.44 10.46 12 .51  12.27 11.90 11.57 11.97 1 2 . 0 3  12 .15  10 .42  9.94 10 .15  11 .03  

MgO 
Ca0 
Na20 3.02 3.07 3.04 2 .88  2 . 9 5  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 
K.20 0.42 0 . 4 3  0 .41  0 .37  0 .39  0.40 0 .37  0.14 0.12 0.07 0.21 0.13 0.07 0.14 0.45 0.46 0.46 0.30 
p205  0.25 0 .25  0 .25  0 . 2 5  0 .20  0 . 2 5  0 . 2 5  0.05 0.08 0.08 0.10 0.10 0.10 0 .10  0.12 0.12 0.10 0.10 
H20+ -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 
H20- 0 .07  0.06 0.21 0.23 
T o t a l  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*/MgO 1.02 1 . 0 2  1.01 0 .96  0.94 0 .97  0 .95  1 .17  1 .17  1.17 1 - 3 0  1.20 1 . 1 6  1 .20 1.58 1 . 5 6  1.55 1.46 

Sample 1 2 6 8 27 2 8  29 1 4  15 1 6  1 7  1 8  1 2 3 2 2  1 9  20 

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 

V 305 250 250 250 256 250 250 268 280 260 240 260 250 265  260 260 257 280 

Sr 254 252 253  250 240 246  250 1 1 3  115 120 127  1 2 2  1 1 8  115 360 358 336 148  
Ba 1 0 0  60 60 80  60 70 80 36 50 50 50 60 60 60 80 100  61 36 

C r  293  298 226  299 286  2 3 1  300 2 3 1  236 273 269 258 267 237 7 5 3 151 
CO 4 1  4 1  4 1  42 4 3  4 1  43  4 1  4 1  40 42 42 39 39 3 3  33  35 40 

31  62 Ni 1 7 8  174  1 8 2  184 190 184 184 7 5  69 70 70 68 72 5 6  2 5  2 5  
CU 51 51 51 5 2  5 4  5 4  57  80 77 75 85  76 64 7 3  100  93  98 76 
Zn 8 1  77 80  7 3  7 5  7 6  7 6  79 88 89 8 8  79 77 80 78 79 15 8 3  
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TABLE 4a 

Electron microprobe glass analyses for the NI60 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 
Feo. Fo% and An%=calculated forsteritic content (for KD=0.3) of the olivine and anorthite content (for KD= 
1.3) of the plagioclase, respectively, at equilibrium with this magmatic composition 

K21 K22 Station 55 S5 55 55 S5 K29 K29 K 5  K 5  

Lava Type 1-111 1-111 1-111 1-111 1-111 1 - I V  1-IV 1-1 1-1 4 - 1  4 - I V  
SA MPH Mode MPH PH MPH MPH MPH MPH MPH HPH HPH 

S i 0 2  49.55 50 .41  50.17 49.74 50.01 51.38 50.83 48.91 48.17 50 .11  54.04 
T i02  1 .53  1.86 1 . 6 3  1.49 1 . 5 6  1.64 1 .83  1.06 1.02 1.78 1.19 
Al203 14.85 15 .01  15.43 1 5 . 6 1  15 .49  13 .96  14.15 1 7 . 1 1  17 .29  15 .81  15.11 
Fe0 * 10.15 9.93 9.86 9.75 9.72 9.14 9.69 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 

7.83 7.43 7 .69  8 .31  1.77 1 .02  1 .10  9.34 9.63 8.04 5.25 Mg0 
Ca0 12.03 11.48 12.03 12..14 12.33 1 1 . 6 6  1 2 . 0 1  12.10 11.94 10 .89  9.68 
Na20 2.80 2.39 2.60 2.34 2 .63  2.88 2.99 2.78 2.77 2.99 3 . 0 3  

0.08 0.30 0.28 0.22 0.28 0.17 0.16 0.07 0.07 0.33 0.29 
0.03 0 .01  

K20 
P205 0.08 0.27 0 .16  0.12 0.15 0.02 0 .01  0.06 0.06 
Cr203 

97.11 96.90 Total 99.15 99.36 100.00 99.88 100 .12  98.18 99.07 99.88 99.78 

FeO*/MgO 1 .30  1 . 3 4  1 .28  1 . 1 7  1 . 2 5  1 .30  1 . 3 6  0.88 0.83 0.86 1 .53  

Sample O1 02 03 04 05 3 5 1 2 27  3 

0.05 0.02 0 . 0 1  0 . 0 1  0 . 0 1  0 .02 0.01 0.03 0 .03  0.00 0 . 0 1  

87.4 19 .5  
72.3 69.6 

Fo% 8 2 . 1  82 .6  82.3 83.5 82 .6  82.0 81.3 87 .1  87.7 
An% 75.5 71.6 16.9 18 .9  77 .6  1 4 . 4  14.3 75.8 15.6 

Type 1-IK Moderately phyric to sub-aphyric 
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 nioder- 
ately evolved lavas, with medium FeO*/MgO 
(1.29k0.05) and relatively high Tio,% 
(1.7950.04), and low Cr (216f18ppm) and Ni 
(82 k 11 ppm) contents (Table 3a). 

Mineralogical assemblages and geochemistry 
show that the basalts of type I-IV are more 
evolved: they all reached the invariant point of 
low-pressure (< 1 kbar) 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 Tio2% and KzO% contents 

which are similar to those of the other NFB 
basalts, whereas, also at a similar FeO*/MgO 
ratio, basalts from stations S5 and K29 exhibit 
Tio,% and KzO% 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,O% gain, which could correspond to a smaller 
degree of partial melting of the mantle source and/ 
or to a different mantle source. 

NI5 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"IO'S 
(Craig and Poreda, 1987). Some basaltic samples 
collected close to these hydrothermal sites have 
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S r a t l o n  K4 K4 K4 K4 K4 K4 K4 K4 K4 K4A K4A K4A K48 K48 R8 K 8  KO K 8  K 8  K 8  K9 K9 K9 
1 2 3 4 5 6 1 8 9 3 4 7 1 2 1 2 3 4 5 6 1 2 3  - - - 2-VI 2-VI 2-VI 2-VI 2-VI1 2-VI1 2-111 2-111 2-111 

Sample 
Lava Type 2-IV 2-IV 2-IV 2-IV 2-IV 2-IV 2-IV 2-IV 2-IV - 
Mode A A SA SA SA SA A A A A A SA A SA S A  SA SA SA SA SA MPH MPH S A  

50.15 50.29 50.04 50.22 50.30 50.34 50.48 49.81 49.93 48.28 50 .65  50.04 49.65 48.42 51.02 50.04 50.66 48.49 48.78 49.92 50.21 48.83 49.74 
1.50 1.51 1.53 1.55 1.51 1.52 1.54 1.53 1.54 2.00 1.83 1.83 1.10 2.00 1.11 1.45 1.01 1.97 2.08 1.82 1.48 1.64 1.09 

15.34 15 .03  14.99 15.11 14 .91  15.01 14.98 15.31 15.05 17.76 14.53 14.30 15.14 18.05 14.33 14.84 15.88 18.10 17.53 14.29 15.04 16.20 15 .25  
10.02 9.92 9.68 9.14 9.86 9.98 10.08 9.88 9.66 6.96 11.83 11.50 8.88 6.00 11.30 9.18 8.17 6.94 7.09 11.31 9.91 8.62 8.85 

0.11 0.20 0.22 0.21 0.16 0.21 0.19 0.17 0.21 0.15 0.21 0.16 0.15 0.14 0.28 0.16 0.11 0.13 0.12 0.21 0.19 0.16 0.15 
1.56 1.10 7.31 7.44 7.61 7.65 7.82 7.41 7.48 9.16 7.41 7.48 10.03 9.01 6.85 8.51 9.13 8 .93  8.85 1.40  8.63 9.47 9.81 

11.58 11.60 11.59 11.67 11.52 11.11 11.61 11.47 11.56 10 .16  11.35  11.29 12.56 11.07 10.84 12 .19  12.21 10.81 10.83 11.27 12.36 11.53 12.49 
3.39 3.29 3.14 3.27 3.29 3.43 3.04 3.42 3.34 2.56 1.80 2.73 1.92 2.43 2.56 2.57 2.36 2.50 2.51 2.49 2.49 2.44 1.63 

0.10 0.10 0.12 0.13 0.12 0.11 0.10 0.12 0.12 0.29 0 .12  0.15 0.08 0.29 0.13 0.10 0.01 0.30 0.32 0.13 0.10 0.15 0.09 
0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.01 0.06 0.04 0.01 0 .02  0.06 0.04 0.04 0.01 0.02 0.05 0.06 

99.94 99.79 96.76 99.48 99.49 100.08 100.03 99.38 99.03 98.13 99.97 99.65 100.24 99.02 99.24 99.83 100.44 98.99 99.08 99.08 100.56 99.34 99.22 

0.12 0.13 0.11 0.13 0.14 0.10 0.11 0.12 0.11 0.10 0.17 0.15 0.08 0.78 0.14 0.11 0.06 0.74 0.94 0.14 0.09 0.25 0.01 

F ~ O * / M ~ O  1.33 1.29 1.32 1.31 1.29 1.31 1.29 1 .32  1.29 0.16 1.58 1.54 0.89 0.75 1.65 1.14 0 .96  0.78 0.60 1.51 1.15 0.91 0.90 
FOS 81.8 82.2 81.8 81.9 82.2 82.0 82.2 81.8 82.1 88.7 78 .9  19 .5  81.0 88.1 78.3 83.9 86 .1  88.4 88.1 1 9 . 1  0 3 . 8  86.1 86.8 
Ans 81.0 11.1 12.6 71.9 71.5 11.0 73.4 70.7 11.3 75 .1  81.9 74.8 82.4 76.6 15.2 1 7 . 3  78.8 75.8 75.6 76 .5  78 .1  17 .3  84.6 . 

S r a t l o n  K9 K9 K9 K12 K12 K12 K12 K12 K12 K12 K12 K6A K6A K6A K6 K6 K6 K6 K6 K6 S3 S3 53 53 
samole 4 5 6 1 2  3 4 5 6 1 8 1 2  3 1 2  3 4 5 6 0 1 0 2 0 3 0 6  
~~ 

Lavi Type 2-111 2-VI 2-VI 2-1 2-1 2-1 2-1 2-1 2-1 2-1 2-1 2-111 2-111 2-111 2-111 2-111 2-111 2-111 2-111 2-111 2-V 2-V 2-11 2-V 
Mode M P H  SA MPH MPH MPH MPH MPH MPH MPH MPH MPH S A  SA SA S A  SA SA SA SA S A  PH MPH MPH MPH 

48.58 49.96 49.61 48.90 48.80 49.32 48.67 48.94 48 .41  40.62 49.24 49.19 49.28 49.80 49.66 49.83 50.18 50.03 50.44 50.81 50.51 50.08 50.35 51.00 
1.92 1.81 1.46 1.24 1.26 1.29 1.25 1.23 1.23 1.23 1.23 1.34 1.34 1.31 1.40 1.40 1.39 1.39 1.39 1.38 1.86 1.12 1.12 1.13 

18 .01  14.05 14.81 15.84 15.85 15.74 16 .03  16.06 15.14 15.98 16.11 16.35 16 .31  16.43 14.92 15.04 14.99 15 .31  15.02 15.12 14.57 13.92 14.20 13.86 
6.83 11.21 9.90 8.80 8.72 9.24 8.88 8.18 6.64 8.86 9.04 9.03 9.01 8.95 9.96 10.05 9.89 9.86 9.62 9.13 10.10 12.23 10.10 12.16 
0.13 0.21 0.19 0.18 0.19 0.16 0.16 0.11 0.19 0.19 0.18 0.13 0.22 0.23 0.13 0.20 0.18 0.11 0.23 0.31 0 . 2 1  0.20 0.13 0.21 
8.63 1 - 4 9  8 . 5 6  8.61 8.58 8.45 8.49 8.69 8.36 8.79 8.97 1 .99  7.81 1.79 8.14 8.11 7 . 9 8  8.06 8.12 8.02 1.10 6.98 9.12 6.12 

10.83 11.46 12.00 12 .11  12.15 11.94 12.19 12.18 12.09 12.01 12 .15  10.95 11.02 10.65 11.45 1 1 - 1 0  11.56 11.60 11.42 11.49 11.65 11.69 12.95 11.85 
2.52 2.69 2.60 2.91 2.98 2.92 2.91 2.91 2.83 3.02 2.86 2.98 2.94 2.85 2.61 2.69 2.14 2.65 2.84 2.64 2.67 1.96 2.14 1.73 
0.10 0.11 0.11 0.11 0.13 0.11 0.11 0.10 0.11 0.11 0.10 0.43 0.44 0.47 0.03 0.06 0.05 0.01 0.04 0.04 0.31 0.09 0.04 0.10 
0.33 0.13 0.11 0.08 0.08 0.09 0.09 0.08 0.08 0.08 0.08 0.21 0.20 0.20 0.10 0.08 0.08 0.09 0.08 0.08 0.21 0.11 0.07 0.13 
0.02 0.01 0.01 0.04 0.03 0.03 0.04 0.03 0.03 0.03 0.02  0.05 0.04 0.02 0.04 0.03 0.03 0.05 0.02 0.02 0.02 0.01 0.01 0.01 

98.61 99.13 99.41 98.83 98.11 99.29 98.83 99.11 97.18 98.97 99 .91  98.66 98.13 98.16 98.50 99.19 99.08 99.54 99.22 99.84 99.42 99.77 100.23 99.48 

FeO*/MgO 0.79 1.50 1.16 1.02 1.02 1.09 1.05 1.01 1.03 1.01 1-01 1.13 1.16 1.15 1.22 1.24 1.24 1 .22  1.19 1.21 1.44 1.15 1.11 1.81 
FOS 88.2 79.9 83.7 85.3 85.4 84 .5  85.0 65.5 85.2 05.5 85.5 84.0 83.1 83.8 82.9 82.7 82.1 82.9 83.4 83.0 80.5 77.2 84.3 76.7 
An% 15 .5  15.4 1 6 . 8  74.9 74 .5  74.6 75 .1  75.0 75.4 14.2 15.3 72.5 72.9 12.9 75.5 75.8 15.2 14 .5  14 .3  14.4 15.8 81.1 81.3 83.1 
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TABLE 4c 

Electron microprobe glass analyses for the N-S'segment. For details, see Table 4a 

* 

S t a t i o n  52 S4 S4 5 4  54 5 4  K14 K 1 4  K 1 4  K 1 4  K 1 4  K 1 4  K 1 4  K15 K15 K15 K15 K15 K15 K15 

Lava Type 3-111 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-IV 3-11 3-11 3-IV 3-111 3-111 3-111 3-111 3-111 3-111 3-11 
Sample 2 O 1  02 03 04 05 1 2 5 6 7 2 5 6 7 8 9 1 0  8 10 

Mode MPH SA SA SA SA SA SA SA SA SA SA SA A SA SA SA SA SA SA SA 

50.92 
1.84 

14.34 
11.82 

0.19 
7.02 

11.18 
2.08 
0.14 
0.12 
0.01 

99.66 

51.21 
2.11 

13.14 
12.42 

0.26 
6.38 

10.88 
2.61 
0.19 
0.23 
0.01 

99.43 

50.50 50.28 
1.53 1.51 

14.60 14.59 
10.22 11.07 

0.27 0.18 
7.06 7.92 

11.58 12.10 
2.66 2.43 
0.31 0.08 
0.29 0.09 
0.02 0.01 

99.05 100.24 

49.67 
1 . 4 4  

15.12 
10.71 

0.18 
7.92 

12.09 
2.47 
0.07 
0.10 
0.01 

99.78 

49.80 
1.43 

14.83 
10.79 

0.17 
.7.76 

12.19 
2.41 
0.07 
0.10 
0.01 

99.57 

49.49 
1.48 

15.07 
10.27 
0.18 
8.17 

11.76 
2.56 
0.07 
0.10 
0.02 

99.16 

49.36 
1.48 

15.20 
10.30 

0.20 
8.28 

11.71 
2.55 
0.08 
0.10 
0.02 

99.28 

49.77 49.86 49.37 49.43 49.35 48.95 48.80 48.68 
1.51 1.73 1 .49  1.50 1.72 1.85 1.84 1.82 

14.86 14.93 15.09 15.26 15.07 15.66 15.60 15.27 
10.52 10.64 10.29 10.21 10.32 9.79 9.95 9.93 

0.22 0.17 0.18 0.18 0.19 0.13 0.19 ,0.20 
8.13 7.37 8.23 8.04 7.60 7.83 7.91 8.01 

11.68 11-34  11.56 11.68 11.24 11.55 11.38 11.32 
2.68 2.73 2.64 2.49 2.80 2.86 3.01 2.94 
0.08 0.20 0.07 0.08 0.19 0.17 0.13 0.14 
0.09 0.14 0.09 0.08 0.14 0.15 0.15 0.15 
0.02 0.01 0.02 0.03 0.02 0.03 0.03 0.04 

99.56 99.11 99.03 98.98 98.63 98.97 99-00 98-50  

48.91 
1.85 

15.30 
10.19 

0.24 
7.92 

11.32 
2.95 
0.12 
0.13 
0.02 

98.96 

48.92 
1.82 

15.52 
10. o1  

0.19 
7.98 

11.37 
2.89 
0.13 
0.14 
0.03 

99.00 

49.29 
1.85 

15.46 
10.01 

0.20 
8.09 

1 1 - 2 7  
2.93 
0.15 
0.14 
0.04 

99.43 

49.04 
1 .81  

15.48 
9.99 
0.18 
8.19 

11.34 
2.98 
0.13 
0.15 
0.04 

99.34 

,FeO*/MgO 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 
Fok 77.9 75.3 80.4 81.0 81.5 81.0 82.5 82.7 82.1 80.5 82.6 82.4 81.4 82.6 82.5 82.7 82.2 82.6 82.8 83.0 
An% 79.4 75.0 75.8 78.1 77.8 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 

S t a t i o n  SDT SDT SDT SDT SDT SDT SDT SDT 51 51  51 51 S1 S1 S1  S 1  S1  GT 
Sample O 1  O2 03 O 4  O5 07 O9 1 0  O 1  02 03 04 05 06 07 O8 O9 104 
Lava Type 3-11 3-11 3-11 3-111 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-11 3-1 
Mode A SA SA A SA SA SA SA SA SA SA SA SA SA SA SA SA SA 

50.01 
1.59 

14.33 
10.10 

0.20 
7.69 

12.15 
2.68 
0.10 
0.10 
0.03 

98.98 

50.05 
1.40 

14.47 
9.76 
0.20 
7-87  

12.63 
2.68 
0.09 
0.09 
0.03 

99.26 

50.31 
1.44 

14.56 
10.01 

0.17 
7.87 

12.54 
2.56 
0.09 
0.09 
0.03 

99.66 

50.67 . 
1.65 

14.54 
10.28 

0.16 
7.76 

12.36 
1 .99  
0.09 
0.10 
0.04 

99.65 

50.72 
1 .31  

14.56 
9.89 
0.17 
7.84 

12.52 
2.40 
0.10 
0.09 
0.03 

99.63 

50.45 
1.29 

14.61 
9.82 
0.17 
7.84 

12.38 
2.64 
0.09 
0.10 
0.04 

99.42 

50.25 
1.28 

14.65 
9.77 
0.17 
7.89 

12.52 
2.55 
0.09 
0.09 
0.03 

99,30 

50.97 
1.50 

14.20 
10.24 

0.21 
7.80 

11.68 
2.67 
0.08 
0.00 
0.00 

99.35 

51.00 
1.16 

17.56 
8.34 
0.21 
5.39 

12.37 
2.65 
0.08 
0.11 
0.01 

98.89 

50.14 50.09 50.08 49.85 
1.75 1.38 1.57 1.57 

15.02 14.86 14.40 14.31 
9.82 10.43 11.44 10.94 
0.19 0.18 0.18 0.20 
7.40 8.02 7.35 7.58 

11.45 12.25 11.95 12.16 
2.70 2.48 2.58 2.50 
0.29 0.08 0.09 0.09 
0.24 0.09 0.10 0.12 
0.02 0.01 0.01 0.01 

99-01  99.88 99.74 99.32 

50.60 
1.45 

14.95 
10.17 

0.18 
7.98 

11.95 
2.47 
0.09 
0.11 
0.04 

100.00 

50.28 
1.44 

14.98 
10.06 

0.16 
8.16 

11.93 
2.62 
0.09 
0.11 
0.04 

99.87 

50.25 
1.42 

15.06 
10.06 

0.17 
7.96 

1 2 - 0 5  
2.55 
0.08 
0.11 
0 .05  

99.76 

50.42 
1.36 

13.76 
10.37 

0.15 
8.17 

11 .91  
2.46 
0.09 
0.00 
0.00 

98.69 

49.87 
1.32 

14.86 
9.03 

0.20 
8.14 

12.75 
2.76 
0.06 
0.08 
0.05 

99.11 

FeO*/MgO 1.31 1.24 1.27 1.32 1.26 1.25 1.24 1.31 1.55 1.33 1.30 1.55 1 . 4 4  1.27 1.23 1.26 1.27 1.11 
FO% 81.9 82.7 82.4 81.8 82.5 82.6 82.7 81.9 79.4 81.8 82.0 79.3 80.4 82.3 82.8 82.5 82.4 84.3 
A n t  76.5 77.2 77.9 81.7 78.9 77.1 77.9 75.9 77.0 75.3 78.0 76.9 77.8 77.6 76.6 77.3 77.7 16.9 p! 
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PETROLOGY A N D  GEOCHEMISTRY OF T H E  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,O%, 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,O%, Rb, Sr and Ba increases are much more 
significant than in the samples previously men- 
tioned and the Fe,O, 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 2 0  (samples K12- 
2, 3 and 4, with H,O+>O) (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 N 15 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 distinguished: 

Type 2-1: 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 
(l.ll_fO.O4), low T ioz% contents (0.94L0.04), 
and relatively high Cr (312 & 13 ppm) and Ni 
(10259 ppm) contents, even if their glass Tio2% 
(1.25 & 0.02) content is slightly higher. 

Type 2-11: 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 
(1.10&0.05), low Tio2% contents (1.13k0.04) and 
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high Cr contents (303 & 12 ppm) (Tables 3b and 
4b). 

Type 2-111: 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 f 0.05) and higher Tio2% 
contents (1.38 CO.lO), although rocks from station 
K6 have relatively high Cr (2822 10 ppm) and Ni 
(89 & 16 ppm) contents. Samples from station K9 
have comparatively lower Cr (166f 10 ppm) and 
Ni (49 5 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-ZK Aphyric to sub-aphyric basalts with 
plagioclase & olivine (kclinopyroxene) 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 50.03) and Tio2% 
contents (1.5550.03), and low Cr (128$.3 ppm) 
and Ni (51 + 3  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 2 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_f0.04), high Tio,% contents (1.63&0.04), 
and relatively low Cr (134&3 ppm) ,and Ni 
(5552 ppm) contents (Table 3b). These bulk rock 
characteristics correlate quite well with the glass 
compositions (Table 4b). 

Type 2-Vt  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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Fig.3. Plot of the main major elements (in weight percent) versus FeO*/MgO showing the general trends of evolution for the NFB 
basalts (from bulk rock analyses recalculated at 100% without LOI). (a) White diamond=N160 segment (approximate location of 
basalts from stations K5, S5,  K29 and KI7  is given in the Na,O diagram); dot=N15 segment. Fields shown for comparison are: 
solid line=Mariana Basin BABB (bulk rock analyses, recalculated at  100% without LOI, from Hawkins and Melchior, 1985); 

evolved bulk rock compositions, with higher Feo*/ 
MgO ratios (1.66&0.05), medium Tio,% contents 
(1.51&0.07), and lower Cr (111&4ppm) and Ni 
(41 & 1 ppm) contents (Table 3b). 

Type 2-VIt 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 Tioz% 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,, 
A1,0,, Na,O and Cao)  might be the resuIt, at 
least partially, of the modal content of plagioclase 
(Fig.3a). 
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dashed line= MORB and BABB from the northern NFB; dot/dash line= transitional basalts from the South Pandora Ridge (glass 
analyses, recalculated at loo%, from Sinton et al., in press). (b) White square=N-S segment; black triangle= 174E semgnent 
(approximate location of basalts from stations K21, K23, K22 and K22DT is given on the Na,O diagram). Field shown for 
comparison is for the Lau Basin BABBs (glass analyses recalculated at  loo%, from Hawkins and Melchior, 1985). 

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 k 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 3-1: ‘Sub-aphyric plagioclase + olivine + 
clinopyroxene basalt (sàmple 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 = I .  1 1 ,  
Tio2% = 1.32, KzO% = 0.06, P205% = 0.08, 
Cr20,% = 0.05; Table 4c), despite the fact that this 
basalt has reached the four-phase cotecti;. 

Type 3-11: Sub-aphyric plagioclase + olivine 
( clinopyroxene) basalts (all samples from station 
S4 and S1 and some from station KI4 (1, 2, 5,  7 
and 8), station SDT (01, 02, 03, 05, 06, 07, 08, O9 
and IO), 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 Sl), and very few 
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isolated phenocrysts. Their bulk rock compositions 
show intermediate FeO*/MgO ratios (1.32 J. 0.06) 
and Tio2% contents (1.52_$0.08), although they 
have a relatively high Cr content (260.f41 ppm) 
(Table 3c). Glass rim compositions (Table 4c) give 
coherent results except for sample S4-O1 (which 
has a ferro-basaltic composition very different 
from the bulk rock composition) and sample KI 5- 
1 o. 

Type 3-111: Aphyric to sub-aphyric plagio- 
clase + olivine (+clinopyroxene) basalts (all sam- 
ples from stations S2 and K15 (not sample lo), 
and sample SDT-04). The basalts'of station KI5 
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 (1.39 i- 0.06), 
higher Tio,% contents (1.82 +0.04), and slightly 
lower Cr contents (250.f 18 ppm) (Table 3c), in 
agreement with the glass rim analyses (Table 4c). 

Type 3-IF? Aphyric plagioclase basalts (samples 
Kl4-6 and IO). 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 
Tio2% contents (1.80), and lower Cr contents 
(137-148 ppm) (Table 3c) 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 Table2), 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 (Table3d). 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 Tio2%. We will therefore 
list the basalt types on the basis of increasing 
FeO*/MgO ratios: 

T'Fe 4-1: Sub-aphyric plagioclase k 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 
(0.98 J. 0.03), high Cr (276 k 30 ppm) and very high 
Ni ( I82f5  ppm) contents (Table 3d). Thecontents 
of Tio2% (2.O5J.O0.20), K,O% (0.40.fO.02) and 
P,O,% (0.24.f0.02), 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 2 0 % ,  Rb 
and Sr contents; the latter could, then, be interpre- 
ted as petrogenetic characteristics. 

Tjye 4-11: Sub-aphyric to moderately phyric 
plagioclase + olivine .f 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 .f 0.041, and Tio2% (1.44 -t 0.09, Cr 
(253 .f 17 ppm) and Ni (69 rir 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 4c) but sample GT 104 is sub-aphyric. 

Type 4-II1: Sample K22DT-2 is a slightly altered 
sub-aphyric plagioclase + clinopyroxene basalt in- 
termediately evolved with a medium FeO*MgO 
ratio (1.47), medium Tio2% content (1.57) and 
low Cr (151 ppm) content (Table 3d). 

Type 4-IF? Sub-aphyric to moderately phyric 
plagioclase + olivine + clinopyroxene basalts (sta- 
tion K22). These are the most altered of this 
segment, with clear H,O+, K20%, Rb and Sr 
gains, and extremely low Cr ( 5 k 2  ppm) and Ni 
(27 x 3 ppm) contents; MgO% is depleted, result- 
ing in an abnormally high FeO*/MgO ratio 
(1.56.fO.01). On the basis of the Tio,% content 
(1.19 & 0.02), 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 K5 
(1 6’53’s) which is located over recent lava flows, 
from a sidescan sonar data (Kroenke et al., 1987) 
and station KI7 (16”48’S), have sampled basalts 
erupted in the triple junction area. Station K9 is 
located near the middle of the N15 segment 
(17”19’S), just in the area where the ridge starts to 
rise in the direction of the triple junction. Station 
S3 is 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 
(KD mineral/liquid). The calculation of the K,’s 
for some major element pairs using the glass 
composition and its coexisting minerals provides 

22 1 

..a guide to gross disequilibrium between phenocryst 
and host glass. We used the following low-pressure 
experimental partition coefficients (assuming that 
XFeoLi, = 0.9x meO*Li,>: 

(Roedder and Emslie, 1970) 

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

(Drake, 1976; Grove and Bryan, 1983) 

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 KD’S 

(0.23-0.27) (Table 5a) as described for some of the 
Mid-Atlantic Ridge basalts near 36”N (Stakes et 
al., 19S5) and the Red Sea Rift basalts near 18”N 
(Eissen et al., 1989). However, some clinopyroxene 
microphenocrysts from sample S5-O5 (NI 5 seg- 
ment) are more evolved (Fig.4a) and in complete 
disequilibrium with their host glass with 
KD’s>0.50 (Table 5a and FigSa). 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.%). ,.Further, 
samples KS-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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Fig.4. CIinopyroxene compositions plotted in the En%-Wo%-Fs% triangle. (a) NI60 segment. (b) NI5 segment. (c) N-S segment. 
(d) 174E segment. 

be the case if they were in equilibrium with their 
host glass. KD’s<0.20 are observed in sample S5- 
02 on the NI60 segment, in samples K9-1, S3-O2 
and S3-O4 on the NI5 segment, and in samples 
S1-04, S2-1 (zoned phenocryst, Table 5a) and S2- 
2 on the N-S 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 (K,= 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 NI60 segment, samples S5-O3 and S5-O5 
have an average olivine composition of F085.2_+0.6, 
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 F o ~ ~ . ~  and FOS7.7 (Table5b), with 
an average (FO84.6) similar to that seen in samples 
S5-O3 and 05 but a much higher standard deviation 
(=2.6). In sample S5-02, olivines are more Mg 
rich (average F087.8k2.2), 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 F08,.2*&8 close to 
equilibrium with their host glasses. 

, 
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TABLE 5a 
Selected electron microprobe analyses of some microphenocrysts and phenocrysts from the NFB. Clinopyroxene analyses: enstatite (En%), wollastonite (Wo%) and ferrosilite 
(Fs%) content as relative percentage of the clinopyroxene. &=partition coefficient of Mg and Fe between the clinopyroxene and its host glass (bulk rock for sample S2-1). 
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 
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 

N160 segment  N15 segment  
S t a t l o n  S5 S 5  5 5  55  K29 K17 K 1 1  K6 K8 K8 Ka K8 K9 K9 K9 KY 53 5 3  
Sample 02 02 04 0 5  11 1 2 1 2  3 3 6  1 4  5 5 0 2 0 2  

mph ph mph mph mph mph mph mph mph mph mph mph mph mph mph mph mph mph 

54.21 54 .11  
0.23 0.12 
2.42 2.15 
4.99 5.02 
0.06 0.14 

19.38 19.46 
16.13 16.68 

0.25 0.23 
0.49 0.49 

100.16 100.40 

51.10 
0 .63  
3.46 
6.54 
0.23 

11.68 
19.40 

0.23 
0.19 

100.06 

49 .15  
1 .90  
4.34 

11.44 
0.24 

12 .24  
19.13 

0.52 
0.16 

100.12 

53.94 
0.54 
2.47 
5.15 
0.25 

11.92 
19.41 

0.19 
0.21 

100.19 

si 
T i  
A l I V  
Alv1 
Fe 
Mn 
Mg 
Ca 
Na 
cr 

T o t a l  

1.955 
0.006 
0.045 
0.058 
0.1% 
0.002 
1.041 
0.100 
0.009 
0.014 
3.961 

1 .952  
0.003 
0.048 
0.043 
0.151 
0.004 
1.046 
0.122 
0.008 
0.014 
3.992 

1.894 
0.017 
0.106 
0.045 
0.200 
0.001 
0.965 
0.162 
0.008 
0.006 
4.010 

1 .849  
0.054 
0 .151  
0 .041  
0.391 
0.008 
0.666 
0 .195  
0.019 
0.005 
3 .999  

1.954 
0.015 
0.046 
0.060 
0.156 
0.006 
0.966 
0.756 
0.001 
0.006 
3.914 

50.64 
1.15 
4.29 
1.16 
0.26 

15.33 
20.04 

0.28 
0.14 

99.33 

52.19 
0.61 
4.30 
5.79 
0.24 

16.40 
19.07 

0.28 
0.12 

100.14 

1.880 
0.032 
0.120 
0.066 
0.223 
0.008 
0.848 
0.197 
0.010 
0.004 
3.991 

1 .831  
0.022 
O. 1 0 5  
0.079 
0.116 
0.001 
0.887 
0.718 
0.010 
0.021 
3.981 

51.22 
1.00 
3.99 
6.94 
0.17 

16 .29  
20.16 

0.29 
0.39 

100 .45  

53.28 
0.60 
1.81 
7 .33  
0.24 

1 1 - 9 8  
19.16 
0.24 
0.25 

100.67 

1.879 
0.028 
0.121 
0 .051  
0.213 
0.005 
0 .891  
0.792 
0.010 
0.011 
4.002 

1.939 
0.016 
0.061 
0.011 
0.223 
0.007 
0.916 
0.747 
0.008 
0.001 
4.002 

51.32 
0.60 
3.40 
6.16 
0.23 

11.58 
19.11 

0.26 
0.21 

99.53 

1.893 
0.011 
0.107 
0.041 
0.209 
0.007 
0.961 
0.758 
0.009 
0.006 
4 . O 1 3  

50.88 
0.68 
3.41 
7.24 
0.19 

18.10 
18.13 

0.25 
0.24 

99.16 

53.51 
0.49 
2.54 
6.13 
0.11 

17.92 
18.99 

0.26 
c.21 

100.82 

1.884 
0.019 
0.116 
0.035 
0.224 
0.006 
0.999 
0.119 
0.009 
o. 007 
4.018 

1.939 
0.013 
0.061 
o . o i 1  
0.204 
0.003 
0.968 
0.131 
0.009 
0.006 
3.990 

54.16 
0.29 
1 . 1 4  
5.26 
0.11 

19.92 
11.70 

0.19 
O .50 

99.89 

1.960 
0.008 
0.040 
0 .035  
O .  160 
0.003 
1.074 
0.686 
0.001 
0.014 
3.981 

50.54 52.16 
0.74 0.15 
4.31 2.94 
5.81 7.03 
0.19 0.23 

11 .15  17 .01  
20.01 20.15 

0.29 0.21 
0.68 0.20 

99.16 101.40 

1.860 
0.021 
0.140 
0.050 
0.119 
0.006 
0.941 
0.789 
0.010 
0.020 
4.015 

1.896 
0.020 
0.102 
0.024 
0.214 
0.007 
0.926 
0.809 
0.010 
0.006 
4.016 

53.16 
0.53 
1.32 
9.21 
0.42 

19.78 
15.86 

0.19 
0.02 

100.55 

1.942 
0.014 
0.057 
0.000 
0.283 
0.013 
1 .071  
0.621 
0.001 
0.001 
4.015 

51.50 
0.41 
2.31 
6.19 
0.u0 

11.80 
19.85 

0.24 
0.29 

98.65 

53.34 
0.53 
2.63 
6.33 
0.16 

17.93 
20.13 

0.30 
0.16 

101.51 

1 .915  
0.013 
0.085 
0.016 
0.193 
0.000 
0.987 
0.191 
0.009 
0.009 
4.017 

1.924 
0.014 
0.016 
0.036 
o. 1 9 1  
0.005 
0.964 
0.718 
0.010 
0.005 
4.003 

E n l  55.0 54.4 49.9 36.5 51.3 45.2 48.0 46.6 49.9 49.6 51.3 50.6 55.6 49.1 47.3 54.0 50 .1  49.7 
Wo% 31.0 31.5 39.4 42.3 40.1 42.5 42.1 41.7 38 .3  39.1 36.9 38.6 35.1 41.2 41.4 31.1 40.2 40.2 
F s l  6.0 6.1 10.1 21.2 8.7 12.3 9.9 11.5 11.8 11.1 11.8 10.8 8.5 9.6 11.3 14.6 9.8 10.1 
KD 3.21  0.19 0 . 3 5  0.90 0.21 0.38 0.29 0.29 0.40 0.44 0.46 0.28 0.26 0.48 0.31 0.35 0.22 0.22 

N-5 segment  174E segment  
S c a t l o n  53 53 52 5 2  S2  52 S2  K15 SDT SDT S1 S1 S1  S 1  K23 K22 
sample  o4 o4 1 1 1 2 2 1 7  0 9  10 04 o5 05 o7 -i 1 6  - .  _. ~. 

mph mph c e n t e r - - > r i m  mph ph ph mph p h  mph p h  ph mph ph mph 

s 102 
Ti02  
A1203 
Fe0  
MnO 
x g o  
C a 0  
Na20 
CrzO3 
T o t a l  

SI 
Ti 
AlIV 
AlV1 
Fe 
Mn 
Ms 
C a  
Na 

T o t a l  
C f  

E n l  
HO% 
F s l  
KD 

51.51 51.16 52.62 50 .65  49.44 50.97 53.00 52.57 51.18 53.74 50.99 52.65 50.42 51.65 51.20 
0.12 0.79 0.48 1.03 1.51 0.93 0.39 0.40 0.68 0.30 0.11 0.81 1 .48  0.15 1.08 
2.66 3.96 2.86 5.12 5 .15  4.59 3.25 1 .56  3.87 1.62 3.81 3.20 5.12 3.50 4.41 
6.05 7.90 6.18 6.52 9.34 6.63 6.21 7.55 5 . 6 5  5.45 7.52 6.94 8.84 1 .53  6.09 
0.24 0.24 0.08 0.14 0.19 0.24 0.13 0.24 0.25 0.09 0.28 0.18 0.23 0.28 0.22 

1 8  61  16 .83  16.10 16 .92  15 .95  11.45 17.84 16.59 11.36 16.88 19.32 17.11 15.83 11.96 15.49 
16:60 19.26 19 .06  16 .56  18.09 17.66 18.50 18.52 18.52 19.01 16.13 16.27 16 .19  16.18 21.29 

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 
0.14 0.32 0 .61  0.49 0.15 0.44 1.02 0.00 0.91 0.55 0.42 0.21 0.19 0.01 0.34 

98.96 100.70 100.26 99.87 100 .11  99.22 100.61 99.61 99.28 99.63 99.55 99.61 99-80  100.14 100 .41  

1 .911  
0.020 
0.089 
0.026 
0.219 
0.008 
1.028 
0.659 
0.013 
0.004 
4.008% 

1.876 
0.022 
0.124 
0.047 
0.242 
0.007 
0.920 
0 .751  
0.009 
0.009 
4.012 

1.918 
0.013 
0.082 
0.040 
0.188 
0.002 
0.983 
0.144 
0.008 
0.019 
3.998 

1 .858  
0.028 
0.142 
0.019 
0.200 
0.004 
0.925 
0.730 
0.015 
0.014 
3.996 

1.832 
0.042 
0.168 
0.051 
0.289 
0.006 
0.881 
0.718 
0.013 
0.004 
4.011 

1.871 
0.026 
0.123 
0.016 
0.204 
0.007 
0.958 
0.697 
0.011 
0.013 
3.992 

1 .921  
0.011 
0.079 
0.060 
0.188 
0.004 
0.964 
0.719 
0.009 
0.029 
3.984 

1.938 
0.011 
0.062 
0.005 
0.233 
0.008 
1.021 
0.132 
0.008 
0.000 
4.018 

1 .901  1.957 
0.019 0.008 
0.099 0.043 
0.069 0.026 
0.173 0.166 
0.008 0.003 
0.950 1.025 
0.129 0.744 
0.009 0 . 0 0 5  
0.026 0.016 
3.983 3.992 

1 .873  
0.021 
0.121 
0.041 
0.231 
0.009 
1.058 
O. 635 
0.009 
0.012 
4.016 

1.929 
0.022 
0.071 
0.061 
0.213 
0.006 
0.934 
0.717 
0.009 
0.006 
3.976 

1.857 
0.041 
0.143 
0.106 
0.212 
0.001 
0.869 
0.663 
0.011 
0.006 
3.915 

1.893 
0.021 
0.107 
0.045 
O. 231  
0.009 
o. 981  
0.114 
0.010 
0.000 
4.010 

1.877 
0.030 
0.123 
0.067 
0.187 
0.001 
0.846 
0.836 
0.010 
0.010 
3.993 

52.9 47.1 51.3 49 .1  46.5 51.3 51.4 51.2 51.1 52.9 54.1 50.0 48.0 50 .1  45.1 
33.9 39.3 36.8 39.3 37.9 37.3 36.3 36.7 39.2 38.4 32.9 38.4 36.6 36.9 44.6 
13.2 13.0 9.9 11 .0  15 .6  11.3 10 .3  12 .1  9 .1  8.7 12.4 11.1 15.4 12.4 10 .3  

0.27 0.29 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 

mph 

53.66 
0.36 
1 .61  
6.64 
0.24 

18.36 
18.27 
0.16 
0.00 

99.32 

1.968 
o. O10 
0.032 
0.036 
0.204 
0.007 
1.004 
0.718 
0.006 
0.000 
3.987 

51.9 
37.2 
10 .9  

0.23 N N W 

I 
I 
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TABLE 5b 

Olivine analyses: forsterite (Fo) content as relative percentage of the olivine. &=partition coefficient of Mg and Fe between the olivine and its has! glass (bulk rock 
for samples K17-1, S2-1 and SDT-06). For details, see Table 5a 

N160 segment  
55 55  55 55 55 5 5  55  55 K29 K29 K29 
02 O2 03 03 03 04 04 05  3 5 11 

S t a t i o n  
Analyse 

K 5  K5 K 5  
2 2 2 

ph ph c e n t e r  

K8 
3 

mph 

38.12 
0 . 0 6  

18.88 
0.49 

42.15 
0.28 
0.00 
0.00 

99.99 

0.979 
0.002 
0.406 
0.011 
1.614 
0.008 
0.000 
0.000 
3.020 

K8 
3 

mph 

38.16 
0.01 

17.98 
0.35 

43.29 
0.32 
0.00 
0.00 

100.11 

0.975 
0.000 
0.384 
0.007 
1.649 
0.009 
0.000 
0.000 
3.025 

center-->rim center-->rim mph mph center-->rim mph mph mph mph mph 

39.83 38.70 40.20 39.52 
0 . 0 0  0.01 

40.56 40.09 40.33 40.24 40.02 40.85 39.71 39.86 40.00 39.89 40.72 - . ~. 
0.00  0 . 0 0  0 . 0 0  0 . 0 0  0.00 0.00 0.00 0.01 0 . 0 8  0.05 0.05 0.02 0 . 0 6  
9.66 13.86 13.48 12.44 15.27 12.00 17.21 14.28 15.74 14.69 13.02 17.87 11.81 
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 

41 -01  47.06 

39.73 41.04 40.96 40.33 40.50 
0.0fi 0 . 0 7  0 . 0 0  .... ...- .. . 0.00 0.02 
9.46 10.92 11.40 14.56 20.11 
0.15 0.71 0.17 0.20 0.35 

48.91 47.36 47.99 45.46 41.85 
0.33 0.27 0.33 . ~ . 
0.00 0.42 0.10 0.13 0.00 
0.00 0.00 0.00 0.00 0.00 

99.85 100.03 100.48 100.48 101.38 

14.57 18.14 
0.28 0.22 

45.42 41.33 49.72 46.20 47.43 47.45 45.06 47.88 43.13 45.56 43.53 43.87 44.31 
0.34 0.21 0.28 0.30 0.34 0.26 0.27 0.23 0.30 0.33 0.35 
0.04 0.01 0.00 0.00 0.17 0.00 0.00 0.01 0.04 0.05 0.06 

0.36 0.33 
0.03 0.13 
0.12 0.20 

99.55 100.87 

1.016 1.007 
0.001 0.002 
0.382 0.242 
0.009 0.005 

0.31 0 . 3 6  0.35 0.25 
0.08 0.05 
0.00 0.00 

100.89 99.52 

0.999 1.011 
0.000 0.000 
0.303 0.388 
0.006 0.005 
1.682 1.576 
0.009 0.007 
0.002 0.001 , 

0.000 0.000 
3.000 2.988 

0.00 0.00 0.22 0.33 0.00 0.00 0.00 0.00 0.16 0.09 0.14 
100.39 100.41 101.85 100.85 100.96 101.12 100.38 100.28 100.07 99.28 98.96 

0.991 0.997 
0.000 0.000 
0.197 0.288 

0.989 0.992 0.997 1.000 1.003 0.996 1.007 1.008 1.023 
0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.001 
0.276 0.256 0.318 0.246 0.363 0.298 0.331 0.310 0.273 

5 1  
A l  
Fe 
Mn 
Mg 
Ca 
cr  
NI 

T o t a l  

.' FOS 
FaS 
KO 

1.003 0.997 0.996 0.994 0.984 
ä:o02 0:001 0 ; o o o  0 ; o o o  0.001 
0.194 0.226 0.234 0.304 0.428 
0 .003  0.015 0.003 0.004 0.007 
1.786 1.745 1.759 1.691 1.586 

0.001 0.001 
1.810 1.712 
0.009 0.006 
0.001 0.000 

0.002 0.002 0.002 0.003 0.001 0.007 0.005 0.007 0.007 
1.733 1.743 1.672 1.746 1.623 1.696 1.633 1.652 1.658 
0.007 0.008 0.009 0.007 0.007 0 . 0 0 6  0.008 0.009 0.009 
0.000 0.000 0.003 0.000 0.000 0.000 0.001 0.001 0.001 
0.004 0.007 0.000 0.000 0.000 0.000 0.003 0.002 0.003 
3.011 3.008 3.002 3.000 2.997 3.004 2.991 2.991 2.976 

1.563 1.720 
0.010 0.009 
0.001 0.003 
0.002 0.004 

0.009 0.007 0.009 
0.000 0.008 0.002 
0.000 0.000 0.000 
2.996 2.999 3.003 

0 . 0 0 8  0.010 
0.003 0.000 
0.000 0.000 
3.005 3.016 

0.000 0.000 
3.009 3.003 

90.2 85.6 
9.8 14 .4  
0.16 0.25 

2.983 2.991 

b 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 
13.8 12.8 16.0 12.3 18.3 15.0 16.9 15.8 14.2 19.6 12.3 9.8 11.5 11.8 15.2 21.2 20.1 18.9 15.3 19.8 

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 

N 1 5  seament  ( f o l l o w i n g )  N5 segment  
K9 K9 K12 K6A K6A K6 53  S 3  5 3  5 3  53 53 53 52 52 52 S2 52 S4 54 

mph mph mph c e n t e r  c e n t e r  ph ph mph mph r l m  c e n t e r  ph mph ph r i m  ph c e n t e r  rim ph ph 
4 3 O 1  02 02 03 04 04 04 O 1  O1 02 O2 02 O 1  02 5 5 2 2  

S t a t i o n  K9 K9 
Analyse 1 2  

c e n t e r  ph 

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 
0 . 0 0  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 . 0 0  

38.59 38.45 38.83 
0.00 0.05 0.05 

17.12 19.97 20.17 
0.27 0.30 0.30 

44.66 40.96 41.37 

39.53 40.09 
0.08 0.06  

15.36 14.86 

5102 
A1203 
Fe0 
MnO 

2: 
CrZO3 
N i 0  
T o t a l  

5 1  
A l  
Fe 
Mn 

2 
C r  
N i  

T o t a l  

FOS 
FaS 
KD 

l2 ;Ol  14 i57  14.78 13.41 17.94 19.00 13.00 17.45 10.15 19.03 15.07 17.62 19.61 13.10 17.82 15.15 15.71 
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 

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 
0 . 3 0  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 

0.34 0.19 
44.42 45.00 

0.22 0.39 
0.00 0.00 
0.00 0 . 0 0  

0 ; 3 6  0.31 0.31 
0.00 0.00 0.00 
0.00  0 . 0 0  0 . 0 0  

100.99 100.04 101.04 

0 . 0 0  0 . 0 0  0 . 0 0  0.00 0.00 0.00 0.08 0.11 0.00 0.00 0.13 0.00 0.00 0.11 0.03 0.10 0.05 

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 
0 . 0 0  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 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  

99.96 100.58 

0.997 1.001 0.975 1.000 0.979 1.004 1.002 0.994 0.994 0.990 

0.249 0.304 0.310 0.278 0.382 0.403 0.270 0.368 0.207 0.406 
0.000 0.006 0.004 0.001 0.006 0.005 0.005 0.005 0.002 0 . 0 0 5  
1.749 1.677 1.727 1.711 1.642 1.571 1.706 1.625 1.787 1.594 
0.008 0.008 0.007 0.009 0.008 0.011 0.014 0.008 0.010 0.011 

0 . 0 0 0  0.000 0.000 0.000 0.004 0.002 0.000 0.000 0.005 0.004 
3.003 2.998 3.025 3.000 3.021 2.996 2.998 3.004 3.006 3.010 

0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 

0 . 0 0 0  0 .000  0 . 0 0 0  0.000 0.000 0.000 0.002 0.002 0.000 0.000 

0.995 0.998 1.003 0.996 
0.001 0.003 0.000 0.000 
0.315 0.371 0.420 0.270 
0.006 0.005 0.007 0 .003  
1.677 1.616 1.561 1.724 
0.008 0.007 0.007 0.008 
0.003 0.000 0.000 0.002 
0.000 0.000 0.000 0.000 
3.004 3.000 2.997 3.003 

0.988 0.996 0.992 
0.000 0.002 0.000 
0.375 0.315 0.329 

0.996 1.000 
0.002 0.002 
0.324 0.310 
0.007 0.004 

0.973 0.990 0.990 
0.000 0.001 0.001 
0.361 0.430 0.430 
0.006 0.007 0.007 
1.678 1.572 1.572 
0.010 0.008 0.008 
0.000 0.000 0.000 
0 . 0 0 0  0.000 0 . 0 0 0  

0;007 0.004 0.004 
1.633 1.676 1.673 
0.007 0.007 0.009 
0.001 0.002 0.001 

l i 6 6 8  l i 6 7 3  
0.006 0.010 
0.000 0.000 

0.000 0 . 0 0 0  0 . 0 0 0  ? 
3.011 3.002 3.007 fa 

81.3 84.2 83.6 
18.7 15.8 16.4 

L? 

0.27 0.19 0.27 4 
> 
!- 

wl m 

rl 

0.000 0.000 
3.003 2.999 3.027 3.009 3.009 

82.3 78.5 78.5 
17.7 21.5 21.5 

0.54 0.36 0.33 

84.2 81.3 78.8 86.5 
15.8 18.7 21.2 13.5 

0.25 0.31 0.32 0.18 

83.7 84.4 
16.3 15.6 

0.33 0.40 

87.5 84.7 84.8 86.0 81.1 79.6 86.3 81.5 89.6 79.7 
12.5 15.3 15.2 14.0 18.9 20.4 13.7 18.5 10.4 20.3 

0.24 0.31 0.29 0.22 0.26 0.29 0.28 0.25 0.13 0.28 



TABLE 5b (continued) 

S t a t l o n  
A n a l y s e  

s i 0 2  
A1203 
F e 0  
MnO 
Mg0 
Ca0 
Cc203 
Ní0 
T o t a l  

s i  
A l  
Fe 
Mn 

Ca 
cr  
N i  

T o t a l  

Mg 

F o l  
Fa% 
KD 

NS segment  ( f o l l o u i n g l  
54 S4 K14 K14 K 1 5  K 1 5  SDT SDT SDT SDT SDT SDT S1 5 1  51 S 1  5 1  
04 0 4  1 5 7  7 O2 O 5  0 6  06  1 0  1 0  03 03 04 04 O 5  .. ~. 

center- ->r im mph mph mph mph c e n t e r  ph c e n t e r  r l m  ph mph c e n t e r  ph  ph ph  mph 

39.61 39.38 39.48 39.73 38.94 38.86 39.53 39.58 39.53 39.80 40.31 39.22 39.06 40.16 39.57 39.82 40.49 
0.00 0.00 0.10 0.10 0.04 0.11 0.00 0.01 0.09 0.02 0.00 0.00 0.00 0 . 0 0  0.00 0.00 0.00 

15.22 16.04 15.76 14.83 18.24 17.85 13.99 14.84 14.96 14.17 14.28 15.76 17.15 14.85 15.03 17.76 1 8 - 0 9  - - .~  
o 7 9  o 4 7  0.14 0.22 0.18 0.31 0.25 0.27 0.45 0.26 0.18 0.12 0.24 0.30 0.35 0.21 0.30 

4;:6i 43:4 i  45:Öj 44:¡4 42;98 42;89 46;18 45.82 45.89 46.08 45197 44.41 43.32 45.66 44.65 42.94 42.03 
0.32 0.38 0.30 0.33 0.34 0.30 0.30 0.31 0.33 0.28 0.33 0.29 0.26 0.39 0.32 0.25 0.30 
0 . 0 0  0.00 0.19 0.13 0.16 0.02 0.03 0.00 0.05 0.09 0.00 0.00 0.00 0.10 0 . 0 0  0 . 0 0  0 . 0 0  
0.00 0.15 0.00 0.00 0.00 0 . 0 0  0 . 0 0  0 .00  ' 0.00 0.00 0.16 0.26 0.00 0.00 0.00  0.00 0.14 

100.08 99.83 101.04 99.48 100.87 100.33 100.89 100.83 101.28 100.70 101.23 100.06 1 0 0 . 0 3  101.46 99.92 100.98 101.35 

0.996 0.998 0.986 1.002 
0 . 0 0 0  0 . 0 0 0  0 . 0 0 3  0.003 .... . 
0.320 0.340 0.329 0.313 
0.006 0.010 0.003 0.005 
1.673 1.640 1.678 1.660 
0.009 0.010 0.008 0.009 
0 ; O O O  0.000 0.004 0.003 
0.000 0.003 0.000 0.000 
3.004 3.002 3.011 2.995 

83.9 82.8 83.6 8 4 . 1  
16.1 17.2 16.4 15.9 

0.28 0.30 0.31 0-29 

0.986 
0.001 
0.386 
0.004 
1.622 
0.009 
0.003 
0.000 
3.012 

8O;B 
19.2 

0.37 

0.988 0.982 0.981 
0 . 0 0 3  0.000 0.000 
0.379 0.291 0.309 
0.007 0.005 0.006 
1.625 1.731 1.702 
0 . 0 0 8  0.008 0.008 
0 . 0 0 0  0.001 0 . 0 0 0  
OIOOO 0 . 0 0 0  0 . 0 0 0  
3.010 3.018 3.013 

81.1 85.6 84.6 
18.9 14.4 15.4 
0.36 0.27 0.29 

0.983 
0.003 
0.311 
0.009 
1.700 
0.009 
0.001 
0.000 
3.016 

84.5 
15.5 

0.29 

0.990 
0.001 
0.295 
0.005 
1.708 
0.007 
0.002 
0.000 
3.009 

85.3 
14.7 

0.27 

0.991 
0.000 
0,295 
0.004 
1.695 
0.009 
0.000 
0.003 
3.003 

85.2 
14.8 

0.27 

o .  990 
0.000 
0.333 
0.003 
1.671 
0.008 
0.000 
0.005 
3.010 

83.4 
16.6 

0.31 

0.992 
0.000 
0.364 
0.005 
1.640 
0.007 
0.000 
o .o00 
3.008 

81.8 
18.2 

0.34 

0.994 0.996 1.002 
0.000 0.000 0.000 
0.307 0.316 0.374 
0.006 0.007 0.004 
1.685 1.675 1.611 
0.010 0.009 0,007 
0.002 0.000 0.000 
0.000 0.000 0 . 0 0 0  
3.005 3.004 2.998 

84.6 84.1 81.2 
15.4 15.9 18.8 

0.28 0.24 0.30 

1 . 0 1 6  
0.000 
0.380 
0 .006  
1.572 
0.008 
0.000 
0.003 
2.984 

80.5 
19.5 
0.33 

s1 
o9 
ph 

40.08 
0.00 

15.17 
0.20 

43.03 
0.36 
0.00 
0.20 

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 . 3 0  

174E 
K2 1 

27  
w h  

40.78 
0.06 

11.68 
0.25 

46.98 
0.26 
0 . 0 8  
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 
O. 316 
0.006 
1.640 
0.009 
0.001 
0.002 
2.987 

83.9 
16.1 

0 . 3 0  

K22 
3 

mph 

39.82 
0.04 

17.14 
0.32 

41.48 
0.27 
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 

el 
T m 



TABLE 5c 

Plagioclase analyses: anorthite (An) content as relative percentage of the plagioclase. &=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 Sa 

S t a t i o n  
Sample 

S l 0 2  
A1203 
Fe0 
MqO 
Ca0 
Na20 
K20 
T o t a l  

5 1  
A l  
Fe 
Mg 
Ca 
Na 
K 

T o t a l  

: An% 
Ab% 
O r 8  
KO 

"160 segment 
s5 55 55 55 
02 02  02  03  
ph center- ->r im c e n t e r  

50 .06  4 1 . 1 1  4 6 . 1 1  
31 .13  33 .09  33 .06  

0 . 2 1  0 .21  0 .53  
0 .20  0 . 2 2  0 .24  

1 3 . 0 9  1 7 . 2 6  16 .09  
3 . 3 5  1 . 5 0  1 . 6 6  
0 .00  0 . 0 1  0 . 0 3  

99 .10  100 .34  99.92 

50.30 
30 .62  

0 . 3 1  
0 . 2 1  

1 5 . 1 0  
2 .00  
0 . 0 4  

100 .10  

2 .310  
1 .612  
0 .010  
0 .019  
0 .610  
0 .296  
0.000 
4.994 

69 .6  
30 .4  
0 .0  
0 . 9  

2 . 1 5 9  
1 . 0 2 0  
0 .000  
0 .015  
0 . 0 4 6  
0 . 1 4 0  
0 . 0 0 1  
4 .991  

8 5 . 1  
14 .2  

0 . 1  
2 . 3  

2 . 1 5 0  
1 . 8 3 1  
0 . 0 2 0  
0 .016  
0 . 8 3 3  
0 . 1 4 0  
0 .002  
5 .007  

8 4 . 1  
1 5 . 1  

0 . 2  
2 . 1  

2 . 2 9 9  
1 . 6 5 0  
0.014 
0 .010  
0 .169  
0 .240  
0 . 0 0 2  
5 .001  

1 5 . 4  
2 4 . 3  

0 . 2  
1 . 2  

5 5  5 5  
0 3  03  

center-->rim 

41.15  49 .46  
3 2 . 3 1  31 .01  

0 . 4 1  0 . 3 3  
0 . 2 2  0 .25  

16 .99  1 6 . 4 3  
2 .22  2.67 
0.05 0 . 0 0  

99.95 1 0 0 . 2 3  

2 .199  
1 .154  
0.016 
0 .015  
0 .039  
0 .190  
0 . 0 0 3  
5 .024  

00 .6  
1 9 . 1  

0 . 3  
1 . 1  

N15 segment 
S t a t l o n  K4 K4 K4 K4 K4 
Sample 1 1 6 6 6  

5102 
A1203 
Feo 
Mg0 
Cao 
Na20 
K20 
T o t a l  

SI 
Al 
Fe 
Mg 
C a  
Na 
K 

T o t a l  

An% 
Ab8 
Or% 
KD 

48.19  
32 .48  

0 . 5 0  
0 . 2 1  

14 .66  
2 .46  
0 . 0 1  

99.10 

49 .99  
30 .91  

0 . 5 1  
0 . 2 8  

1 4 . 1 6  
3 .26  
0 .04  

99 .15  

51.55 
30 .11  
0.55 
0 . 2 1  

1 4 . 1 6  
3 . 3 0  
0.05 

1 0 0 . 6 1  

49 .22  
32 .45  

0 . 3 0  
0 . 2 3  

1 5 . 9 1  
2 . 3 2  
0 . 0 3  

1 0 0 . 5 5  

40 .46  
33 .21  

0 .31  
0 .23  

16 .90  
2 . 1 4  
0 . 0 1  

101 .33  

2 .266  
1 .614  
0 . 0 1 3  
0 . 0 1 1  
0 .006  
0 .231  
0.005 
5.010 

55  
03  

mph 

52.59  
28 .01  

1.11 
0 . 5 3  

1 4 . 0 1  
3.91 
0 .12  

100 .40  

2 .399  
1.506 
0 .045  
0 .036  
0 .685  
0 .351  
0 .007  
5 .028  

s5 5 5  
0 3  0 3  

center-->rim 

41.49  49.46 
34 .05  32 .30  

0 . 2 1  0 . 2 4  
0 . 1 9  0 . 1 9  

1 1 . 5 4  1 5 . 5 3  
1 . 5 4  2 .11  
0 .00 0 .00  

101.02  100 .49  1 

2 . 1 6 0  
1 . 8 2 5  
0 .000  
0 . 0 1 3  
0 . 0 5 5  
0 . 1 3 6  
0.000 
4.996 

2 .250  
1 .132  
0 .009  
0 .013  
0.151 
0 .244  
0.000 
5.006 

s5 
04 
ph 

50.06 
31.12 

0 . 5 1  
0 . 2 6  

1 4 . 6 5  
3 . 1 0  
0 . 0 2  

100.50 

55 5 5  
04 04 

center-->rim 

47.51  46 .46  
33 .15  3 4 . 6 1  

0 . 2 8  0 . 3 8  
0 . 2 6  0 .22  

1 6 . 1 0  1 1 . 1 0  
1 . 9 1  1 . 3 0  
0 .00 0 . 0 2  

99 .01  100 .69  

55 s 5  
04 04 

center- ->r lm 

46 .41  41.39 
3 3 . 8 3  33 .64  

0 . 2 9  0 .36  
0 . 2 4  0 . 3 1  

1 1 . 4 1  1 6 . 9 9  
1 .41 1 . 6 9  
0 . 0 1  0.00 

9 9 . 1 2  100 .30  

s5 
05 
ph 

50.64  
3 1 . 6 5  

0 . 1 9  
0 . 2 1  

1 4 . 7 0  
3 . 2 4  
0 .05  

100.10  

ss 
05 
ph 

50.41  
31 .46  

0 .44  
0 . 2 1  

1 4 . 9 3  
3 . 0 0  
0 . 0 4  

100 .60  I 

2.300 2 .184  
1 .664  1 . 1 9 1  
0.022 0 .011  
0 .010  0 .010  
0 . 1 1 2  0 .023  
0 . 2 1 3  0 . 1 1 0  
0 . 0 0 1  0.000 
4 .991  5 .002  

2 . 1 2 4  
1 . 8 6 5  
0 .015  
0 . 0 1 5  
0 . 0 6 1  
0 . 1 1 5  
0 . 0 0 1  
5 . 0 0 2  

2 . 1 4 3  
1 . 0 3 9  
0 . 0 1 1  
0 .016  
0 . 0 6 0  
0 . 1 3 1  
0 .001  
5 . 0 0 3  

2.160 
1.014 
0 .014  
0 .021  
0 . 8 3 3  
0 .150  
0.000 
5.000 

2 .292  
1 . 6 0 9  
0 . 0 0 1  
0 .014  
0 .111  
0 .204  
0 . 0 0 3  
5 .007  

2 .291  
1 .603  
0 . 0 1 1  
0 .010  
0 .126  
0 .264  
0.003 
5 .001  

1 6 . 9  65 .1  8 6 . 3  1 5 . 6  1 2 . 2  0 2 . 9  
22 .6  33 .1  1 3 . 1  24.4 2 1 . 1  11.1 

0 . 4  0 . 1  0 . 0  0 . 0  0 . 1  0 .0  
1 . 3  0 . 0  2 . 5  1 . 2  0 . 9  1 . 1  

K0 K0 K0 K0 K0 K0 
1 1 1 1 2 2  

ph ph mph ph ph mph 

2.244 
1 .161  
0 .022  
0 .014  
0 . 1 2 3  
0 .219  
0 .001  
4 . 9 0 5  

2 . 3 0 0  
1 .600  
0 .020  
0 . 0 1 9  
0 .690  
0 .206  
0 . 0 0 3  
5 . 0 0 4  

2 .334  
1 . 6 3 9  
0 . 0 2 1  
0 .014  
0 .601  
0 .291  
0.003 
4 .996  

2 . 2 4 0  
1 . 1 4 1  
0 .015  
0.016 
0 .116  
0 .205  
0 . 0 0 2  
4 . 9 9 3  

2 .191  
1 .114  
0 .014  
0 .016  
0 .021  
0 .180  
0 .001  
5 .011  

49.10 
32 .14  

0 . 4 1  
0 . 2 2  

1 5 . 0 1  
2 . 5 5  
0.01 

1 0 0 . 4 3  

41 .13  
33 .05  

0 .44  
0 . 2 5  

1 1 . 0 9  
1 . 9 3  
0 . 0 1  

100 .49  

5 2 . 6 3  
2 0 . 9 6  

0 . 1 6  
0 . 2 7  

1 3 . 4 1  
4 .34  
0 . 0 8  

1 0 0 . 5 0  

46 .01  
34.31 

0 . 2 5  
0 .22  

10 .29  
1 .30  
0 . 0 2  

100 .54  

2 . 2 4 3  
1 . 1 2 0  
0 .018  
0 .015  
0 .116  
0 .225  
0 .000  
5.005 

2.104 
1 . 1 0 3  
0 .011  
0 . 0 1 1  
0 .030  
0 .111  
o .  O00 
5.010 

2 . 3 9 0  
1.550 
0 . 0 2 9  
0.018 
0.656 
0 . 3 8 2  
0 .004  
5 . 0 2 0  

2 .115  
1 .056  
0 .010  
0 .015  
0 . 8 9 9  
0 .123  
.0.001 
5 .019  

46 .12  
33 .66  

0 .24  
0 . 2 2  

1 8 . 1 9  
1 . 6 2  
0 .05  

100.69  

2 .141  
1 . 0 1 0  
0 .009  
0 . 0 1 5  
0 . 0 9 3  
0 .144  
0.003 
5 . 0 2 3  

52 .10  
29 .33  

0 . 6 5  
0 . 2 1  

1 3 . 6 3  
4 . 2 1  
0 . 0 2  

100 .29  

2.314 
1 .513  
0 . 0 2 5  

0 .664  
0 .311  
0 .001  
5 .026  

0 . 0 1 8  

1 6 . 1  10 .0  69 .6  1 9 . 0  8 1 . 3  1 1 . 5  03 .0  6 2 . 9  8 7 . 9  0 5 . 9  64 .1  
2 3 . 3  2 9 . 0  30 .1  2 0 . 8  1 8 . 6  2 2 . 5  1 6 . 9  3 6 . 6  1 2 . 0  13 .8  3 5 . 0  

0 . 1  0 . 3  0 . 3  0 .2  0 . 1  0 .0  0.0 0 . 4  0 .1  0 . 3  0 . 1  
1.1 1 . 3  1 . 2  2 . 0  2 . 3  1 . 5  2 . 1  0 . 1  3 . 1  2 . 4  0 . 1  

K29 K29 K29 K 1 1  K 1 1  K 1 1  K5 K5 
3 5 11 1 1  2 2 2 

ph mph mph ph ph mph ph ph 

51.60  
30 .41  

0 . 4 1  
0 . 2 3  

14 .03  
3 . 2 6  
0 . 0 3  

r00.03 

51 .35  
2 9 . 0 6  

0 . 4 2  
0 . 2 2  

1 3 . 9 0  
3 . 4 6  
0 . 0 4  

9 9 . 3 3  

5 2 . 0 0  
2 9 . 5 6  

0 . 4 5  
0 . 2 4  

1 4 . 2 3  
3 . 1 0  

' 0 . 0 3  
1 0 1 . 0 9  

41 .01  
32 .99  

0 . 1 9  
0 . 1 1  

1 0 . 0 1  
1 . 3 0  
0 . 0 2  

99 .75  

46 .41  
3 3 . 2 9  

0 . 2 0  
0 . 1 1  

1 0 . 1 1  
1.10 
0.02 

99 .50  

5 1 . 9 1  
29 .03  

0 . 6 2  
0 . 2 0  

1 3 . 9 1  
3 .56  
0.05 

100.00  

46.36 
3 4 . 1 0  

0 . 1 6  
0 . 2 0  

1 0 . 5 6  
1 .21  
0.00 

100.60  

46 .01  
33 .13  

0 . 3 4  
0 .19  

11.11 
1 . 4 8  
0.01 

100.30  

2 . 3 3 4  
1 . 6 2 5  
0 .016  
0 .016  
0 . 1 1 9  
0 . 2 0 6  
0 . 0 0 2  
4 . 9 9 1  

2 .354  
1 . 6 1 3  
0 . 0 1 6  
0 . 0 1 5  
0 . 6 0 1  
0 .308  
0 . 0 0 2  
4 .995  

2 .302  
1 . 5 6 9  
0 . 0 1 1  
0 . 0 1 6  
0 . 6 0 1  
0 . 3 2 3  
0 . 0 0 2  
4 . 9 9 6  

2 . 1 1 1  
1 .193  
0 . 0 0 1  
0 .012  
0 .890  
0 . 1 1 6  
0 . 0 0 1  
4 . 9 9 1  

2 . 1 5 1  
1 .816  
0 .011  
0 .012  
0 .901  
0 .099  
0.001 
4 . 9 9 1  

2 .363  
1 .600  
0 .024  
0 .014  
0 .618  
0 .314  
0 . 0 0 3  
4.996 

2 .125  
1 .043  
0.006 
0.014 
0 . 9 1 2  
0 .107  
0.000 
5 .001  

8 0 . 2  0 6 . 1  8 4 . 1  1 1 . 4  1 3 . 1  11 .4  6 0 . 9  6 1 . 9  0 0 . 3  9 0 . 0  60 .1  89 .5  0 6 . 9  
1 1 . 1  1 3 . 2  15 .3  2 8 . 3  2 6 . 6  2 0 . 4  30 .9  3 1 . 9  1 1 . 5  9 . 9  31 .6  10.5 13 .1  

2 . 6  2 .3  1 . 9  1 . 0  1.1 1 . 1  1 . 0  1.0 3 . 4  4 . 0  1.0 3 . 1  2 . 9  
0 . 1  0 . 1  0 .0  0 . 3  0 . 3  0 . 2  0 .2  0 . 2  0.1 0 . 1  0 . 3  q.0 0 . 1  

K0 K8 KB K0 K0 K0 K9 K9 K9 K9 K9 K9 
3 4 4 6 6 6 1 1 1 1 1 2  

ph mph ph ph ph mph center-->rim c e n t e r  ph mph ph 

45.13  49 .60  40 .54  
33 .85  3 1 . 3 0  32 .26  

0 .39  0 . 4 0  0 . 5 3  
0 . 2 0  0 . 2 0  0 . 2 0  

1 1 . 1 4  1 5 . 2 4  16 .61  
1 . 4 5  3.01 2 .24  
0 . 0 2  0 . 0 3  0.00 

98 .78  100 .00  100.30 

4 6 . 3 1  
34 .40  

0 .28  
0 . 2 4  

1 9 . 0 6  

0 . 0 3  
101 .68  

1 . 2 ~  

41 .63  
33.19 

0 . 4 0  
0 .24  

1 1 . 1 9  
1 .19  
0.04 

101.15 

5 2 . 0 6  
2 0 . 9 0  

0 .91  
0 .33  

1 3 . 3 2  
3 . 9 2  
0 . 0 2  

100 .34  

2 . 1 3 0  
1 . 0 5 9  
0 . 0 1 5  
0 .014  
0 . 8 5 5  
0 . 1 3 1  
0.001 
5.006 

2 . 2 7 2  
1 . 6 0 9  
0 . 0 1 9  
0 . 0 1 9  
0 . 7 4 8  
0 . 2 1 3  
0 . 0 0 1  
5 . 0 2 1  

2 . 2 2 1  
1 .740  
0 .020  
0 .014  
0 .814  
0 .199  
o .  O00 
5.009 

2 . 1 0 1  
1 . 0 4 9  
0 . 0 1 1  
0 . 0 1 1  
0 . 9 2 9  
0 .113  
0 . 0 0 2  
5 .026  

2 .111  
1 . 1 8 3  
0 .010  
0 . 0 1 6  
0 .069  
0 .150  
0.002 
5 .010  

2 .399  
1 .550  
0 .034  
0 .022  
0 . 6 4 1  
0 . 3 4 5  
0 . 0 0 1  
4 . 9 9 9  

41 .28  
3 3 . 4 6  

0 . 2 4  
0 . 2 6  

16 .63  
1 . 4 0  
0 . 0 3  

99 .30  

2 .119  
1 . 0 1 0  
0.009 
0 .010  
0 .021  
0 . 1 3 2  
0 . 0 0 2  
4 .919  

5 0 . 7 8  4 5 . 9 1  46 .13  52 .81  
3 0 . 1 9  34 .22  33 .93  29 .13  

0 . 5 4  0 . 1 0  0 . 3 2  0 .50  
0 .27  0 . 2 0  0 . 2 2  0 . 2 9  

13 .91  1 7 . 2 5  11 .19  1 2 . 0 0  
3 . 3 1  1 . 1 5  1 . 3 0  3 . 1 1  
0 . 0 4  0 .00 0.00 0 .04  

9 9 . 1 0  9 0 . 9 0  99 .10  100 .01  

4 6 . 9 0  
3 3 . 0 0  

0 . 4 4  
0 .26  

17 .90  
1 . 4 9  
0.00 

100.94  

2 . 3 2 0  
1 .659  
0 . 0 2 1  
0 . 0 1 9  
0 . 6 8 4  
0 . 2 9 3  
0 . 0 0 2  
4 . 9 9 8  

2 . 1 3 2  
1 . 0 1 1  
0 . 0 0 1  
0 .014  
O .  051 
0 . 1 0 3  
0.000 
4 , 9 0 4  

2 .152  
1 .042  
0 . 0 1 2  
0.015 
0 . 0 4 8  
0 . 1 1 6  
0.000 
4 .905  

2 .394  
1 .508  
0 .022  
0 .019  
0 . 6 2 2  
0 . 3 3 2  
0 . 0 0 2  
4 .919  

2 . 1 4 5  
1 . 8 1 9  
0 . 0 1 1  
0 . 0 1 0  
0 . 0 0 0  
0 . 1 3 1  
0.000 
5 .011  

0 6 . 6  1 3 . 2  00 .4  8 9 . 0  04 .4  65 .2  0 6 . 0  6 9 . 0  0 9 . 3  0 0 . 0  65 .1  0 1 . 0  
1 3 . 2  2 6 . 1  1 9 . 6  1 0 . 0  15 .4  3 4 . 1  1 3 . 0  2 9 . 9  1 0 . 1  1 2 . 0  34 .1  1 3 . 0  

0 . 1  0 . 1  0.0 0 . 2  0 . 2  0 . 1  0 . 2  0 . 2  0.0 0 .0  0 . 2  0.0 
2 . 3  1 . 1  1.1 3 . 3  2 . 2  0 . 0  2 . 3  0 . 0  3 . 0  2 . 1  0 . 1  2 . 6  

a 
rl 



Sample 

S i02  
A1203 
Fe0 
MgO 
Ca0 
Na20 
KzO 
T o t a l  

si 
A l  
Fe  
Mg 
Ca 
Na 
K 

T o t a l  

An+ 
Ab% 
O r %  
KO 

Sample 

5102 
Al203 
Fe0 
MgO 
Ca0 
Na20 
KzO 
T o t a l  

si 
A l  
Fe 
Mg 
Ca 
Na 
K 

T o t a l  

An% 
Ab4 
OK% 
KO 

$ 

mp: center - ->r im mph mph ph ph ph mph mph center-->rim center-->rim c e n t e r  ph c e n t e r  ph ph  ph mph c e n t e r  ph 2 

0 TABLE 5c (continued) 
N 1 5  segment (following) 

S t a t i o n  K9 K9 K 9  K 9  K9 K12 K12 K12 K12 K6A K6A K6A K6A K6A K6A K6A K6 K6 K6 K6 K6 53 53 
4 2 3 3 3 3  3 3 5 5 5 0 1 0 1  1 1  4 4 2 2  2 4 5 5  

G 
-I 
P < 

51.45 46.34 41.03 52.62 52.09 41.23 49.03 48.20 51.69 51.99 48.52 50.68 41.43 49.98 50.99 48.46 50.01 50.94 50.31 41.24 51.83 46.83 48.05 
30.11 33.84 33.49 28.79 29.11 33.28 31.47 32.32 29.22 30.68 32.61 31.61 33.48 32.01 31.09 32.56 31.46 30.25 30.55 32.17 29.90 33.55 33.04 

0.14 0.34 0.32 0.58 0.59 0.29 0.33 0 .31  0.42 0.56 0.52 0.32 0.44 0 . 3 1  0.41 0.51 0.41 0.12 0.45 0.45 0.40 0.15 0.45  

3.64 1.75 2 .05  4.53 4.06 1 . 4 4  2.50 1.86 3.33 3.46 2.39 3.00 1.43 2.51 3.12 2.21 2.57 3.22 3.42 2.05 3.68 1.61 1.96 
0.03 0.00 0.03 0.04 0.01 0.00 0.10 0.02 0.04 0.11 0.02 0.11 0.06 0.01 0.10 0.06 0.04 0.02 0.03 0.01 0.00 0.00 0.01 

0.24 0.17 0.25 0.20 0.21 0.14 0.23 0.21 0.25 0.21 0.13 0.23 0.16 0.23 0.21 0.23 0.31 0.38 0.21 0.21 0.14 0.12 0.23 o, 
13.39  11.06 16.80 13.04 13 .31  11.73 1 5 . 6 1  16.91 14.43 13.59 15.97 14.26 1 1 . 1 9  15.39 14.69 16.31 15.45 14.14 14.41 16.08 13.21 11.54 11.23 1 

m 
100.22 99.50 99.91 99.80 100.04 100.11 99.33 99.83 99.38 100.68 100.16 100.22 100.21 100.55 100.14 100.41 100.26 99.67 99.45 98.67 99.22 99.80 100.91 z 
2.331 
1.645 

0.016 
0.652 
0.321 
0.002 
5.002 

0.028 

2.143 
1.644 
0.013 
0.012 
0.845 
0.151 
o. O00 
5.014 

2.163 
1.816 
0.012 
0.011 

0.183 
0.002 
5.021 

0.828 

2.401 
1.549 
0.022 
0.014 
0.631 
0.401 
0.002 
5.026 

2.370 
1.594 
0.023 
0.018 
0.649 
0.358 
0.000 
5.012 

2.110 
1.802 
0.011 
0.010 
0.873 
0.128 
o. O00 
4.993 

2.259 
1.109 
0.013 
0.016 
0.114 
0.223 
0.006 
5.000 

2.215 
1.751 
0.012 
0.014 
0.833 
0.166 
o. O01 
4.993 

2.310 
1.519 
0.016 
0.017 
0 .109 .  
0.296 
0.002 
4.990 

2.348 
1.633 
0.021 
0.018 
0.658 
0.305 
0.006 
4.991 

2.221 
1.159 
0.020 
0.009 
0.183 
0.212 
0.001 
5.006 

2.302 
1.693 
0.012 
0.016 
0.694 
0.264 
0.006 
4.987 

2.114 
1.609 
0.011 
0.012 
0.844 
0.121 
0.004 
4.987 

2.210 
1 .113  
O .  014 
0.015 
0.149 
0.221 
O. 004 
4.986 

2.310 
1.660 
0.018 
0.018 
0.713 
0.274 
0.006 
5.000 

2.214 
1.155 
0.022 
0.016 

0.195 
0.004 
5.008 

o. a02 

2.219 
1.690 
0.016 
0.021 
0.155 
0.221 
0.003 
4.990 

2.331 
1.632 
0.021 
0.026 
0.693 
0.285 
0.001 
4.996 

2.310 
1.654 
o. o17 
0.019 
0.109 
0.305 
o. O02 
5.016 

2.192 
1.192 
0.011 
0.018 
0.800 
0.184 
0.001 
5.005 

2.372 
1.612 
0.015 
0.009 
0.651 
0.321 
0.000 
4.986 

2.158 
1.822 
0.006 
0.006 
0.866 
0.144 
0.000 
5.003 

2.189 
1 .114  
0.011 
0.016 
0.841 
0.113 
0.001 
5.011 

66.9 84.3 81.8 61.3 64.4 81.2 71.1 83.3 10 .4  61.9 78.6 72.0 8 6 . 6  16.9 71.8 80.1 1 6 . 1  10 .1  69.8 81.2 66.6 85.8 82.9 
32.9 15 .1  16.0 38.5 35.5 12.8 22.3 16.6 29.4 31.5 21.3 27.4 13.0 22.7 27.6 19.5 23.1 29.1 30.0 18.7 33.4 14.2 17.1 

0.2 0.0 0.2 0.2 0.0 0.0 0.6 0.1 0.2 0.6 0.1 0.7 0 . 4  0.4 0.6 0.4 0.3 0 .1  0.2 0.1 0.0 0.0 0.1 
0.9 2.3 1.9 0.7 0 . 8  3.0 1.5 2.2 1.0 1.0 1.8 1 . 3  3.2 1 . 6  1.3  1.8 1 . 4  1.0 1.0 2.0 0.9 2.5 2.0 

N15 segment ( fo l lowing1  N - 5  segment 
s c a t i o n  53 5 3  5 3  53  5 3  53 5 3  53 5 3  53 53 52 52 52 52 52 52 52  54 5 4  54 54  

c e n t e r  c e n t e r  ph c e n t e r  mph c e n t e r  ph center - ->r im ph mph ph c e n t e r  mph ph ph center - ->r im ph mph ph ph 
1 1 2 2 O1 O1 02 03  1 2 2  O 1  O2 O2 O2 O2 03  03  04 04 04 04  

46.26 
33.71 

0.33 
0.14 

1 1 . 4 3  
1.43 
0.00 

99.30 

2.143 
1.841 
0.013 
0.010 

0.128 
0.000 
5.000 

0.865 

41-19 47.59 50.98 52.61 46.35 48.31 
32.81 32.32 30.70 28.95 34.24 32.94 

0.45 0.31 0.39 0.10  0.34 0.41 
0.19 0.26 0.22 0.24 0.10 0.25 .__. .~ 

11.92 18.21 15.21 13.94 11.64 1 6 . 1 6  
1 .33  1.53 2.94 3.81 1.31 2.22 
0.00 0.01 0.02 0.00 0.00 0.02 

99.95 100.29 100.46 100.25 100.24 100.31 

2.114 
1.785 
0.011 
0.013 
0.885 
0.119 
0.000 
4.993 

2.188 
1.151 
o. 012 
0.018 
0.900 
0.136 
0.001 
5.005 

2.311 
1.644 
0.015 
0.015 
0.141 
0.259 
0.001 
4.991 

2.392 
1.551 
o. 021 
0.016 
0.619 
0.336 
0.000 
5.001 

2.130 
1.854 
0.013 
0.001 
0.818 
0.122 
0.000 
5.004 

2.209 
1.113 
0.016 
0.011 
0.191 
0.197 
0.001 
5.003 

45.80 
34.51 

0.44 
0.22 

11.69 
1.21 
0.00 

99.93 

2.112 
1.876 
0.011 
0.015 
0.874 
0.114 
o. O00 
5.007 

41.59 4 6 . 1 0  52.49 
32.53 34.31 28.71 

0.53 0.41 0 . 1 0  
0.26 0.26 0.26 

16.16 17.87 14.03 
2.19 1.43 3.96 
0.00 0.01 0.05 

99.25 100.46 100.20 

2.201 
1.713 
0.020 
0.018 
0.801 
0.196 
0.000 
5.010 

2.116 

0.016 
0.018 

0.121 
o. O00 
5.018 

1.860 

0.819 

2.391 
1.542 
0.021 
0.018 
0.685 
0.350 
0.003 
5.015 

51.87 
29.12 

0.53 
0.31 

13.80 
3.40 
0.04 

99.15 

2.380 
1.515 
0.020 
0.021 
0.683 
0.303 
o. O02 
4.984 

41.53 
32.04 

0.48 
0.26 

11.32 
1.68 
0.02 

99.33 

2.202 
1.149 
0.018 
0.018 
0.860 
0.151 
0.001 
4.999 

5 5 . 1 5  
26.61 

0.84 
0.31 

11.30 
4.94 
0.11 

99.86 

49.01 51.46 46.19 52.22 
31.68 30.89 34.90 30.23 

0.41 0.44 0.26 0.53 
0.18 0.19 0.10 0.21 

16116 13.56 17.64 13.32 
2.04 3.45 1.05 3.19 
0.01 0.00 0.00 0.01 

100.21 100.01 100.14 100.31 

2.524 
1.420 
0.032 
0.021 , 
0.548 
0.434 
0.006 
4.986 

2.246 
1.109 

0.012 

0.181 
0.001 
4.990 

0.018 

0.822 

2.339 
1.654 
0.011 
0.013 
0.660 
0.304 
0.000 
4.986 

2.132 
1.874 
0.010 
o. 001 
0.093 
0.000 
4.911 

0.861 

2.364 
1.613 
0.020 
0.016 
0.646 
0.333 
0.001 
4.996 

47.58 
32.51 

0.53 
0.23 

15.85 
2.07 
0.04 

98.81 

2.207 

0.021 
0.016 
0.788 
0.186 
0.002 
4.996 

1.778 

50.90 51.14 50.15  
30.19 31.12 30.16 

0.41 0.53 0.43 
0.31 0.29 0.28 

14.25 14.21 14.49 
3.34 3.33 3.33 
0.02 0.00 0.02 

99.48 100.62 100.01 

2.333 
1.631 
0.018 
0.021 
0.100 
0.297 
0.001 
5.001 

2.316 
1.661 
0.020 
0.020 
0.690 
0.292 
0.000 
4.999 

2.314 
1.654 
0.016 
0.019 

0.294 
0.001 
5.006 

0.708 

81.1 88.2 86.8 14.0 66.9 81.8 80.0 88.5 80.3 87.3 6 6 . 0  69.1 85.0 55.5 81.9 68.5 90.3 66.0 80.1 10.1 10.2 1 0 . 6  
12.9 11.8 13.2 25.9 33.1 12.2 19.9 11.5 19.7 12.7 33.1 30.6 14.9 43.9 18.0 31.5 9.1 34.0 19.1 29.7 29.8 29.3 

0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.3 0.2 0 .1  0.6 0.1 0.0 0.0 0 . 1  0.2 0.1 0.0 0.1 
2.8 2.3 2.0 0.9 0.6 2.2 1.2 2.0 1.1 1.8 0.5 0.9 2.3 0.5 1.5 0.7 3.1 0.7 1.8 1.0 1.0 0.9 
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TABLE 5c (continued) , 

Sample 

SI02 
Al203 
Fe0 
WJ 
Ca0 
Na20 
K20 
Total 

si 
Al 
Fe 
M¶ 
Ca 
Na 
K 

Total 

An% 
Ab% 
: Or% 
KO 

N-5 segment (following) 
Station 54 S4 S4 54 KI4 K14 K14 K14 K14 K14 K14 K15 K15 K15 SDT SDT SDT SDT SDT SDT SDT SDT SDT 

0 4 0 4 0 4 0 5  1 1  5 5 6 8 8 2 7 7 02 02 02 O5 05 06 06 O9 10 
mph center-->rim ph ph mph ph mph mph ph ph mph mph mph ph ph mph ph ph center-->rim mph center 

51.62 46.98 47.14 50.21 48.31 50.81 50.99 52.07 51.89 41.16 51.19 51.90 52.08 52.48 45.53 41.89 49.55 44.74 46.32 44.64 45.51 51.30 44.94 
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 
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 0.31 0.39 0.25 0.32 0.44 0.28 0.67 0.13 
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 
14.56 16.79 16.81 15.39 15.70 13.79 14.73 13.88 14.38 17.10 14.81 13.71 13.85 12.94 17.69 16.32 14.15 18.36 17.14 18.53 11.41 14.58 18.59 
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 
0.01 0.01 0.00 0.05 0.02 0.05 0.04 0.04 0.02 0.01 0.03 0.02 0.05 0.04 0.02 0.00 0.02 0.00 0.02 0.01 0.02 0.04 0.00 
99.53 99.23 100.20 99.79 99.71 99.33 100.70 100.78 99.73 99.69 100.05 99.99 100.83 100.03 99.87 99.64 98.82 99.52 99.23 99.42 98.68 99.93 98.39 

2.365 
1.584 
0.019 
0.016 
0.715 
0.291 

2.178 
1.791 
0.019 
0.016 
0.834 
0.175 

2.190 
1.777 
0.015 
0.014 
0.826 
0.196 

2.301 
1.655 
0.021 
0.016 
0.756 
0.242 

2.217 
1.776 
0.022 
0.016 
0.772 
0.181 

2.331 
1.641 
0.018 
0.021 
0.678 
0.315 

2.310 
1.659 
0.018 
0.020 
0.715 
0.213 

2.357 
1.593 
0.035 
0.031 
0.613 
0.312 

2.374 
1.561 
0.026 
0.025 
0.705 
0.308 

2.178 
1.780 
0.016 
0.012 
0.816 
0.139 

2.336 
1.615 
0.022 
0.018 
0.724 
0.279 

2.364 
1.595 
0.029 
0.024 
0.672 
0.309 

2.358 
1.593 
0.029 
0.020 
0.672 
0.345 

2.386 
1.579 
0.024 
0.020 
0.630 
0.369 

2.102 
1.886 
0.015 
0.016 
0.815 
0.121 

2.205 
1.769 
0.014 
0.019 
0.805 
0.196 

2.290 
1.688 
0.015 
0.017 
0.700 
0.311 

2.075 
1.914 
0.010 
0.011 
0.912 
0.089 

2.149 
1.828 
0.012 
0.017 
0.852 
0.157 

2.015 
1.910 
0.011 
0.010 
0.923 
0.070 

2.124 
1.860 
0.011 
0.015 
0.871 
0.128 

2.342 
1.615 
0.026 
0.016 
0.713 
0.274 

2.107 
1.867 
0.005 
o. O09 
0.934 
0.074 

0.001 0.001 0.000 0.003 0.001 0.003 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 
4.930 5.014 5.019 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 4.988 4.996 

71.0 82.6 80.9 75.5 80.3 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 12.1 92.7 
28.9 11.4 19.1 24.2 18.9 31.6 27.5 31.6 30.4 13.1 21.1 31.5 33.8 36.8 12.1 19.6 30.8 8.9 15.5 7.1 12.8 27.1 7.3 
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 
0.9 1.8 1.6 1.1 1.7 0.8 1.1 0.9 1.0 2.4 1.0 1.0 0.3 0.8 2.8 1.6 0.9 3.6 1.9 4.4 2.3 1.0 4.7 

N-S segment (following) 174E 
station SDT S1 51 S1 S1 51 51 S1 51 51 51 51 S1 51 51 51 S1 S1 S1 K23 
Sample 10 03 03 03 03 04 04 04 05 05 05 O5 07 07 07 O9 O9 O9 O9 14 

ph center-->rim centet mph ph ph mph ph center-->rim mph ph center-->rim center-->rim ph mph ph 

Si02 50.32 45.33 50.96 41.83 52.04 41.88 41.91 53.05 46.77.45.68 53.04 52.71 52.47 44.36 48.18 45.85 49.54 47.16 53.77 47.66 
A1203 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 
Fe0 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 
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 0.11 0.16 0.23 0.18 0.26 0.19 
Ca0 15.04 18.37 14.71 16.55 13.34 16.20 16.81 13.12 17.58 18.63 13.24 12.80 13.23 18.74 17.37 17.87 15.21 17.33 13.15 17.47 
Na20 2.73 1.01 3.31 2.11 3.70 1.90 1.62 4.12 1.24 0.69 3.59 3.99 4.20 0.53 1.98 0.83 2.32 1.51 3.89 1.60 
K2o 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 0.01 0.01 0.02 0.00 0.02 
Total 99.21 100.09 100.66 99.84 100.30 99.37 100.09 100.48 93.02 99.73 99.51 98.80 100.11 99.76 101.01 99.29 98.82 100.42 100.17 93.34 

Si 2.314 2.090 2.312 2.200 2.361 2.201 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 
Al 1.651 1.898 1.651 1.713 1.605. 1.183 1.190 1.569 1.791 1.863 1.531 1.529 1.577 1.945 1.765 1.863 1.689 1.788 1.518 1.753 
Fe 0.016 0.013 0.011 0.016 0.030 0.015 0.016 0.018 0.019 0.011 0.032 0.028 0.023 0.015 0.015 0.018 0.018 0.017 0.026 0.010 
Mg 0.016 0.007 0.020 0.015 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 
Ca 0.741 0.907 0.718 0.816 0.649 0.800 0.825 0.635 0.875 0.923 0.641 0.631 0.644 0.930 0.848 0.888 0.153 0.850 0.638 0.866 
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 0.310 0.048 0.115 0.075 0.208 0.134 0.342 0.144 
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 

Total 4.983 5.006 5.003 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 4.916 4.991 

An% 15.2 91.0 71.1 81.2 66.6 82.4 85.0 63.8 88.6 93.7 66.8 63.9 63.5 95.1 82.7 92.2 78.3 86.3 65.1 85.7 
Ah% 24.7 9.0 28.9 lE.1 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 
Or% 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 

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 2.3 KO - . - - . .- . . .- __ ._ - - .. . . . - . . 

Seament 
K23 K22 K22 
14 3 3 

mph ph mph 

50.31 48.17 52.27 
29.85 31.79 29.52 
0.41 0.51 0.56 
0.25 0.13 0.22 

15.33 17.33 14.12 
2.98 1.99 3.66 
0.02 0.00 0.02 
99.15 99.92 100.37 

2.321 2.219 2.373 
1.623 1.726 1.580 
0.016 0.020 0.021 
0.017 0.009 0.015 
0.758 0.855 0.687 
0.267 0.178 0.322 
0.001 0.000 0.001 
5.002 5.007 4.999 

13.9 82.8 68.0 
26.0 11.2 31.9 
0.1 0.0 0.1 
1.1 2.7 1.2 c 

-a 
"! FeO/MgO in Olivine FeO/MgO in Pyroxene Ana in Plogioclose FeO/MgO in Olivine FeO/MgO in Pyroxene An% in Plog¡ocloSe 



PETROLOGY A N D  GEOCHEMISTRY OF THE NORTH FIJI BASIN 229 

KD - 2.0 - 

0.6 0.8 1.0 1.2 1.4 1.6 1.8 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
Fe0 / MgO in gloss Fe0 / MgO in glass 

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 (KD) is given for each sample. (a) NI60 segment. (b) NI5 segment. 
(c) N-S segment. (d) 174E segment. Olivine: Line indicates the experimentally determined low-pressure KD olivine/liquid equilibrium 
(=0.30, Roedder and Emslie, 1970). Climpyroxene: Lines give the range of experimentally determined low-pressure KD cli!opyroxene/ 
liquid equilibrium (=0.23, Grove and Bryan, 1983; or =0.27, Irving and Frey, 1984). Plagioclase: Lines give approximate variations 
in the KD 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)). 

The compositional variations of the olivine are 
at  their most important along the N15 segment. 
In sample S3-04, a few rounded olivine phenocrysts 
of Mg rich composition (-Fos,) occur and in 

sample S3-O1 (Table 5b) some less “primitive” 
(-FoS6) olivine phenocrysts are apparently not in 
equilibrium with’ their host glass. They could be 
xenocryst relics’ from a higher pressure stage or 
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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 F084--86 (e.g. K4- 
6, K8-4, K9-I, K9-2, K9-3, S3-01, S3-03, and all 
the K6 samples) or near Fo,,-,, (e.g. K8-1, K8- 
3, K8-6, S3-O2 and S3-04). Some slightly more Fe- 
rich olivi’nes in a few samples of stations K8 and 
K9 (Table 5b), and the even more fayalitic olivines 
in samples K8-6 K9-5 (Fo78,j*o.4) and 
K6-3 (Fo77.8) (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 Sl-05) containing mainly, if 
not exclusively, phenocrysts and microphenocrysts 
with compositions around Fo,,,,.~ (Table 5b). 
Some Fe-rich olivine crystals, like those found in 
the samples K15-7 and SI-05, can coexist with 
more Mg-rich olivines as in samples S2-1 and 
S2-2 (with a few slightly zoned crystals, Table 5b) 
and in samples S1-O3 and SI-04. In sample S2-2, 
more evolved skeletal microphenocrysts are also 
found (Fo,,.,) (Table 5b). Olivines from this seg- 
ment are generally close to equilibrium with their 
host glass (FigSb). However, some of them may 
be either less evolved than their host glass (e.g. 
S1-04, S2-2 and S4-Ol), 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 K,’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 (- FoE7.S) 
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. ElSSEN 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. S5-03, K9-1 and S2-2) (Table 5c) 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. in S2-1, or An,6., in S1-05, 
Table 5c). Usually, the more sodic compositions 
(even below An,,) 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 An,, and An,, in samples SS-02, 
S5-O3 and S5-O4 (Table sa), the phenocrysts being 
concentrated near An8,-, and the microphe- 
nocrysts around 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 
(K,< 0.9) (Fig.%). 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 
(An71.8* The most calcic plagioclase phe- 
nocrysts/megacrysts (An80-go) are found in the 
most phyric basalts of stations K5 and K17 
(Table 5c), 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 (An88-90), 
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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 clinopyr- 
oxene crystallization (olivine is absent in both of 
these samples). Interestingly, 52% olf the NFB 
basalts riached the four-phase saturation of CO 

crystallization of plagioclase, olivine and clinopyr 
oxene (+liquid), behaviour that is not common i 
MORBs. 

i ? 
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 

can be attributed to the mineral modal conten 

tant role. Discrepancies between the bulk rock an 
glass compositions of stations K5, K8, K9 and S 

(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. 

I 
MORB versus BABB (back-arc basin basalt) 

The NFBspreading ridge is located between 300 
and 600 km behind the active New Hebrides sub- 
duction zone, which is characterized by a high rate 

1989). The 174E segment is the segment closest t 
the subduction zone, but in an area where th 

of convergence (12-15 cm/yr; Louat and 

subduction is oblique and relatively slow 
yr; Louat and Pelletier, 1989; Maillet et 
Thus, it would seem to be difficult to involve 
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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 (Ky 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 results 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~) 
(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 
3 m.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 NI60 
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, KI2 and S3 lie in the 
MORB 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 BAOB and MORB for the NFB basalts based on total alkali content (Na,O+K,O in weight percent 
of bulk rock analysis) YS. Mg number (atomic IOOMg/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 NI60 segment =diamonds (approximate 
location of basalts from stations KS, SS, K29 and KI7 is given); basalts from the Mariana Trough=small dot (Hawkins and 
Melchior, 1985). (b) Basalts from the NI5 segment=large dot (approximate location of basalts from stations K9, K8, K4, S3, K6. 
and KI2 is given). (c) Basalts from the N-S segment=square (approximate location of basalts from station KI5 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 MORBs, 
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 N160 
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 NI5 segment (sample K4-1, Table 6), 
the REE pattern is again quite flat to slightly 
LREE depleted (Fig.8), but complementary analy- 
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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 =NI5 segment; square=N-S segment; triangle= 174E segment; asterisk=Mariana Trough basalts (Hawkins and 
Melchior, 1985). The MORB-BABB field boundary is delineated using the set of data shown. 

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

La 
Ce 
Pr 
Nd 

. Sm 
Eu 
Gd 
Tb 
DY 
Ho 
Er 
Tm 
Yb 
Lu 

3.67 3.69 
11.60 10.72 
1.89 1.62 
9.87 9.04 
3.37 2.92 
1.22 1.12 
4.56 4.23 
0.75 0.71 
5.19 5.04 
1.07 1.05 
3.13 3.13 
0.42 0.44 
2.66 2.94 
0.36 0.46 

3.28 1.97 3.67 
10.22 7.19 11.49 
1.61 1.29 1.85 
9.17 7.09 10.06 
3.09 2.70 3.47 
1.17 1.04 1.29 
4.35 4.05 4.60 
0.74 0.75 0.84 
0.51 5.07 5.59 
1.11 1.11 1.26 
3.25 3.19 3.57 
0.47 0.48 0.51 
3.05 3.19 3.43 
0.46 0.48 0.55 

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 
N160. and NI5 segments. s7Sr/s6Sr and 143Nd/ 

6.79 1.02 
18.26 3.67 
2.63 0.74 
12.19 4.76 
3.54 1.84 
1.33 0.75 
4.49 2.91 
0.79 0.58 
4.87 3.85 
1.05 0.88 
2.91 2.56 
0.41 0.40 
2.54 2.48 
0.39 0.41 

5.40 
14.63 
2.27 
11.40 
3.25 
1.17 
4.08 
0.71 
4.48 
0.99 
2.89 
0.39 
2.05 
0.28 

IMNd 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 sepment=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)N 
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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Fig.9. Variations as a function of latitude in terms of five parameters. (a) Bathymetry (m) (Lafoy, 1989). (b) Ba (in ppm). (c) Rb 
(in ppm). (d) K/P (in ppm)i. (e) (K/Ti), (chondrite normalized) ratio. Diamond=NlbO segment; plus sign=data from Sinton et al. 
(1991); circle=N15 segment; square=N-S segment; triangle= 174E segment. (Open symbols for glass and closed symbols for bulk 
rock analyses.) TJ= triple junction; PR = propagating rift. ! 

1 

segment). Ali segments except the N-S segment 
display more variable Ba and Rb contents and (K/ 
Ti)N 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 T116; 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 

explained by its maturity. Indeed, it is the only 
spreading segment in the NFB which has been 

was not affected by the last reorganization (1 m.y. 
ago) which created the N160 and N15 segments 
and their triple junction with the North Fiji Frac- 

Because the NFB is a large, old back-arc basin, 
it is not directly influenced by the New Hebrides 

centre situated much closer to an active subduc- 

N-S segment compared to the others may be 

functioning in a steady state since 3 m.y. B.P.; it 

I 

I 

ture Zone (Auzende et al., 1988~). 

subduction. Compared to a back-arc spreading 
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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), ratio. The N-S 
segment, which has been in steady state since 
3 my., 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 k olivine 5 clinopyroxene basal ts 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 
compositiona!ly 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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agical, 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 1 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., 
I99 1) indicates that MORBs have been produced 
since the early development of the NFB. 



238 J.-P. ElSSEN ET AL. 

Acknowledgements 

We wish to express our thanks to the captains 
and crews of the R.V. Jean Charcot and Kaiyo, 
and to all the Co-chief scientists, scientists and 
technicians who participated in the sample collec- 
tion on the SEAPSO Leg3, KAIYO 87 and 
KAIYO 88 cruises. We thank also JO Cotten for 
the geochemical analyses he performed in his labo- 
ratory at‘the Université de Bretagne Occideiltale at 
Brest, Marcel Bohn for his help in performing the 
microprobe analyses at the TFREMER Centre in 
Brest, and Masahiro Aoki for his help in perform- 
ing the complementary microprobe analyses at the 
GSJ at  Tsukuba. We also express our warmest 
appreciation to Ric Price and John Sinton for their 
careful review of this paper and their pertinent 
suggestions. Finally, we thank Jacques Récy, chief 
of the Unité de Recherche I F  d’lORSTOM, for his 
assistance which allowed us to carry out this work. 

References 

Aggrey, K.E., Muenow, D.W. and Sinton, J.M., 1988. Volatile 
abundances in submarine glasses from the North Fiji and 
Lau back-arc basins. Geochim. Cosmochim. Acta, 52: 2501- 
2506. 

Auzende, J.M., Eissen, J.P., Caprais, M.C., Gente, P., 
Gueneley, S., Harmegnies, F., Lagabrielle, Y ., Lapouille, A., 
Lefivre, C., Maillet, P., Mazé, J.P., Ondréas, H., Schaaf, A. 
and Singh, S., 1986. Accrétion océanique et déformation 
dans la partie meridionale du bassin Nord Fidjien: résultats 
préliminaires de la campagne océanographique SEAPSO III 
du N.O. Jean Charcot (Décembre 1985). C.R. Acad. Sci. 
Pans, 306: 971-978. 

Auzende, J.M., Eissen, J.P., Gente, P., Lafoy, Y. ,  Lagabrielle, 
Y., Schaaf, A. and Charlou, J.L., 1988a. The accretion 
system of the central part of the North Fiji Basin (SW 
Pacific) between 16”s and 21”s (SEAPSO Leg3 cruise - 
Dec 1985). Tectonophysics, 146: 3 17-351. 

Auzende, J.M., Honza, E. and the Scientific Party of the Kaiyo 
87 Cruise, 1988b. L‘accrétion récente dans le Bassin Nord- 
Fidjien: premiers résultats de la campagne franco-japonaise 
Kaiyo 87. C.R. Acad. Sci. Paris, 306(II): 971-978. 

Auzende, J.M., Lafoy, Y .  and Marsset, B., 1988~. Recent 
geodynamic evolution of the North Fiji Basin (SW Pacific). 
Geology, 16: 925-929. 

Bender, J.F., Hodges, F.N. and Bence, A.E., 1978. Petrogenesis 
of basalts from the project FAMOUS area: Experimental 
study from O to 15 kbar. Earth Planet. Sci. Lett., 41: 277-302. 

Brocher, T.H. (Editor), 1985. Investigations of the Northern 
Melanesian Borderland. (Circum-Pacific Council for Energy 

l and Mineral Resources, Earth Science Series 3. CPCEMR, 
I Houston, Tex, 199 pp. 

! 

Bryan, W.B., 1983. Systematics of modal phenocryst assem- 
blages in submarine basalts: Petrologic implications. Contrib. 
Mineral. Petrol., 83: 62-74. 

Charvis, P. and Pelletier, B., 1989. The northern New Hebrides 
back-arc troughs: history and relation to the North Fiji 
Basin based on tectonic and magnetic studies. Tectonophy- 
sics, 170: 259-277. 

Chase, C.G., 1971. Tectonic history of the Fiji plateau. Geol. 
Soc. Am. Bull., 82: 3087-3110. 

Cherkis, N.Z., 1980. Aeromagnetic investigations and sea-floor 
spreading history in the Lau basin and northern Fiji plateau. 
UN ESCAP, CCOP/SOPAC, Tech. Bull., 3: 37-45. 

Craig, H. and Poreda, R., 1987. Data report, Papatua expedi- 
tion, legs V and VI. Scripps Ref. Ser., 87:14, 80 pp. 

Drake, M.J., 1976. Plagioclase-melt equilibria. Geochim. Cos- 
mochim. Acta, 4 0  457-465. 

Eissen, J.P., Juteau, T., Dupré, B., Joron, J.L., Humler, E. and 
Al’mukhamedov, A.I., 1989. Petrology and geochemistry of 
basalts from the Red Sea rift at 18” north. J. Petrol., 30: 

Eissen, J.P., Morvan, G., Lefèvre, C., Maillet, P., Urabe, T., 
Auzende, J.M. and Honza, E., 1990. Pétrologie et géochimie 
de la zone d’accrétion du centre du Bassin Nord Fidjien (SW 
Pacifique). C.R. Acad. Sci. Paris, 310(II): 771-778. 

Falvey, D.A., 1978. Analysis of paleomagnetic data from the 
New Hebrides. Aust. Soc. Explor. Geophys. Bull., 9: 

Gente, P., 1987. Etude morphostructurale comparative de 
dorsales océaniques a taux d’expansion variés. Schéma d’évo- 
lution morphologique de l’axe de dorsales: liaison avec 
l’hydrothermalisme. Thise, Univ. Bretagne Occidentale, 
Brest, 371 pp. 

Grove, T.L. and Bryan, W.B., 1983. Fractionation of pyroxene 
phyric MORB at low pressure: an experimental study. Con- 
trib. Mineral. Petrol., 84: 293-309. 

Hawkins, J.W. and Melchior, J.T., 1985. Petrology of Mariana 
Trough and Lau Basin basalts. J. Geophys. Res., 90: 11431- 
11468. 

Hey, R.N., 1977. A new class of “pseudofaults” and their 
bearing on plate tectonics: a propagating rift model. Earth 
Planet. Sci. Lett., 37: 321-325. 

Irving, A.J. and Frey, F.A., 1984. Trace element abundances 
in megacrysts and their host basalts: constraints on partition 
coefficients and megacryst genesis. Geochim. Cosmochim. 
Acta, 48: 1201-1221. 

Karig, D.E., 1971. Origin and development of marginal basins 
in the western Pacific. J. Geophys. Res., 76: 2542-2561. 

Karig, D.E., 1974. Evolution of arc systems in the western 
Pacific. Annu. Rev. Earth Sci., 2: 51-75. 

Kroenke, L.W., 1984. Cenozoic tectonic development of the 
southwest Pacific. UN ESCAP, CCOP/SOPAC, Tech. Bull., 
6: 122pp. 

Kroenke, L.W. and Eade, J.V. (Editors), 1991. Basin Forma- 
tion, Ridge Crest Processes and Metallogenesis in the North 
Fiji Basin. (Circum-Pacific Council for Energy and Mineral 
Resources, Earth Science Series Vol. 12.). 

Kroenke, L.W. and Shipboard Scientific Party, 1987. Cruise 
report. CCOP/SOPAC North Fiji Basin expedition. R/V 
Moana Wave cruise MW 87-01. 37 pp. 

Lafoy, Y., 1989. Evolution géodynamique des bassins margi- 

791-839. 

117-123. 

‘ 

L ... 

F 

I 

1 



L. 

I- 
). 

'S 
ii 

r 

PETROLOGY AND GEOCHEMISTRY OF THE NORTH FIJI BASIN 

naux Nord-Fidjien et de Lau (Sud-Ouest Pacifique). Thèse, 
Univ. Bretagne Occidentale, Brest, 261 pp. 

Lafoy, Y., Auzende, J.M., Gente, P. and Eissen, J.P., 1987. 
L'extrémité occidentale de la zone de fracture fidjienne et le 
point triple de 16"40'S: Résultats du Leg III de la campagne 
SEAPSO du N.O. Jean Charcot (Décembre 1985) dans le 
bassin Nord-Fidjien (SW Pacifique). C.R. Acad. Sci. Pans, 

Larue, M.B., Pontoise, B., Malahoff, A., Lapouille, A. and 
Latham, G.V., 1982. Bassins marginaux actifs du sud-ouest 
Pacifique: plateau Nord-Fidjien, bassin de Lau. In: Equipe 
de Géologie-Géophysique du Centre ORSTOM de Nouméa 
(Editors), Contribution i 1'Etude Géodynamique du Sud- 
Ouest Pacifique. Trav. Doc. ORSTOM, 147: 363-406. 

Louat, R. and Pelletier, B., 1989. Seismotectonics and present- 
day relative plate motions in the New Hebrides-North Fiji 
basin region. Tectonophysics, 167: 41-55. 

Maillet, P., Eissen, J.P., Lapouille, A., Monzier, M., Baleivanu- 
alala, V., Butscher, J., Gallois, F. and Lardy, M., 1986. La 
dorsale active du Bassin Nord-Fidjien entre 20.000"S et 
20.53% Signature magnétique et morphologie. C.R. Acad. 
Sci. Paris, 302(II): 135-140. 

Maillet, P., Monzier, M., Eissen, J.P. and Louat, R., 1989. 
Geodynamics of an arc-ridge junction: The New Hebrides 
arc/North Fiji Basin case. Tectonophysics, 165: 25 1-268. 

Malahoff, A., Feden, R.H. and Fleming, H.S., 1982. Magnetic 
anomalies and tectonic fabric of marginal basins north of 
New Zealand. J. Geophys. Res., 87: 4109-4125. 

Monjaret, M.C., Bellon, H., Maillet, P. and Récy, J., 1987. Le 
volcanisme des fossés arrière-arc des Nouvelles-Hébrides 
(campagne SEAPSO Leg2 du N/O Jean Charcot dans le 
Pacifique Sud-Ouest): Datations K-Ar et données pétrolo- 
giques préliminaires. C.R. Acad. Sci. Paris, 305(II): 605-609. 

Nohara, M., Urabe, T., Joshima, M. and Honza, E., 1989. 
REE and isotope constraints on the origin of back-arc basalts 
in the North Fiji Basin. CCOP/SOPAC Misc. Rep., 79: 95. 

Pelletier, B., Charvis, P., Daniel, J., Hello, Y., Jamet, F., Louat, 
R., Nanau, P. and Rigolot, P., 1988. Structure et lineations 
magnétiques dans le coin Nord-Ouest du bassin Nord- 
Fidjien: résultats préliminaires de la campagne Eva 14 (août 
1987). C.R. Acad. Sci. Paris, 306(II): 1247-1254. 

Presnall, D.C., Dixon, J.R., O'Donnell, T.H. and Dixon, S.A., 
1979. Generation of mid-ocean ridges tholeiites. J. Petrol., 
20: 3-35. 

304(II): 3: 147-152. 

239 

Roedder, P.L. and Emslie, R.F., 1970. Olivine-liquid equilib- 
I. num. Contrib. Mineral. Petrol., 29: 275-289. 
Romeur, M., 1987. Variabilité locale de la composition des 

MORB. Etude du rapport K/Ti dans les verres basaltiques 
des axes des rides Médio-Atlantique et Est-Pacifique. Rapp. 
D.E.A., Univ. Bretagne Occidentale, Brest, 91 pp. 

Ruellan, E., Auzende, J.M., Honza, E. et al., 1989. L'accrétion 
dans le bassin Nord Fidjien méridional: premiers résultats 
de la campagne franco-japonaise STARMER/KAIYO 88. 
C.R. Acad. Sci. Paris, 309: 1247-1254. 

Saunders, A.D. and Tarney, J., 1984. Geochemical characteris- 
tics of basaltic volcanism within back-arc basins. In: B.P. 
Kokelaar and M.F. Holwells (Editors), Marginal Basins: 
Geology, Volcanism and Associated Sedimentary and Tec- 
tonic Processes in Modern and Ancient Marginal Basins. 
Blackwell, Oxford, pp.59-76. 

Sinton, J. and Fryer, P., 1987. Mariana Trough lavas from 
18"N: Implications for the origin of back-arc basin basalts. 
J. Geophys. Res., 92: 12782-12802. 

Sinton, J., Price, R.C., Johnson, K.T.M., Staudigel, H. and 
Zindler, A., 1991. Petrology and geochemistry of submarine 
lavas from the Lau and North Fiji Basins. In: L.W. Kroenke 
and J.V. Eade (Editors), Basin Formation, Ridge Crest 
Processes and Metallogenesis in the North Fiji Basin. (Circ- 
um-Pacific Council for Energy and Mineral Resources, Earth 
Science Series, 3.) Vol. 12, pp. 155-177. 

Stakes, D.S., Shervais, J.W. and Hopson, C.C., 1985. The 
volcano-tectonic cycle of the FAMOUS and AMAR valleys, 
Mid-Atlantic ridge (36"47"): evidence from basalt glass and 
compositional variations for a steady state magma chamber 
beneath the valley midsections, AMAR 3. J. Geophys. Res., 

Staudigel, H. and Bryan, W.B., 1981. Contrasted glass-whole 
rock compositions and phenocryst redistribution, IPOD sites 
417 and 418. Contrib. Mineral. Petrol., 78: 255-262. 

Sun, S.S .  and McDonough, W.F., 1989. Chemical and isotopic 
systematics of oceanic basalts: implications for mantle com- 
position and processes. In: A.D. Saunders and M.J. Norry 
(Editors), Magmatism in the Ocean Basins. Geol. Soc. Spec. 

Walker, D., Shibata, T. and DeLong, S.E., 1979. Abyssal 
tholeiites from the Oceanographer Fracture zone. II: Phase 
equilibria and mixing. Contrib. Mineral. Petrol., 70: 1 11-125. 

89: 6995-7029. 

Publ., 42: 313-345. 


