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30. PROTON-MICROPROBE TRACE ELEMENT STUDY OF SELECTED
LEG 135 CORE SAMPLES'

A. Ewart? and W.L. Griffin® .

ABSTRACT

In-situ proton-microprobe analyses are presented for glasses, plagioclases, pyroxenes, olivines, and spinels in eleven samples
from Sites 834836, 839, and 841 (vitrophyric rhyolite), plus a Tongan dacite. Elements analyzed are Mn, Ni, Cu, Zn, Ga, Rb,
Sr, Y, Zr, Pb, and Sn (in spinels only). The data are used to calculate two sets of partition coefficients, one set based on the ratio
of element in mineral/element in coexisting glass. The second set of coefficients, thought to be more robust, is corrected by
application of the Rayleigh fractionation equations, which requires additional use of modal data. Data are presented for phenocryst
core-rim phases and microphenocryst-groundmass phases from a few samples.

Comparison with published coefficients reveals an overall consistency with those presented here, but with some notable
anomalies. Examples are relatively high Zr values for pyroxenes and abnormally low Mn values in olivines and clinopyroxenes
from Site 839 lavas. Some anomalies may reflect kinetic effects, but interpretation of the coefficients is complicated, especially
in olivines from Sites 836 and 839, by possible crystal-liquid disequilibrium resulting from mixing processes.

INTRODUCTION

The primary aim of this contribution is to provide a set of partition
coefficients for plagioclase, pyroxenes, olivines, and spinels, deter-
mined on 11 samples selected from the Ocean Drilling Program
(ODP) Leg 135 cores. Such partition coefficients are an essential part
of the data base required for the petrogenetic modeling of such
processes as fractional crystallization and melting. Surprisingly, the
available published data are very erratic in their availability. Partition
coefficients for the rare-earth elements (REE), Mn, Cu, Ni, Co, Sc,
Cr, V, Sr, Ba, and Ga have been determined for plagioclases, py-
roxenes, and magnetites from various basaltic andesites, andesites
and dacites from the modern axial Tongan volcanoes (Ewart et al.,
1973; Ewart and Hawkesworth, 1987). These coefficients are based
on analyses, by spark source mass spectrography, optical spectrogra-
phy, and X-ray fluorescence methods, of mineral separates. Although
by far the majority of natural partition coefficients are determined on
physically separated minerals (and coexisting glass), usually from
volcanic rocks, inherent problems include the difficulty of attaining
high purity separates (an essential requirement) and the particularly
difficult problem of small mineral inclusions, especially phases such
as apatite. The very low P,O5 and Zr concentrations of the Tongan
mafic lavas, however, generally precludes the presence of apatite and
zircon as inclusions within this volcanic suite. It is clearly advanta-
geous to apply an in-situ technique for trace element analyses of
coexisting mineral and glass phases in appropriate volcanic rocks for
determining the partitioning behavior of trace elements between
minerals, and mineral-glass phases. One such technique is proton-
microprobe analysis, described below.

METHODS

Proton-microprobe analyses were carried out at the CSIRO Heavy
lIon Analytical Facility, using methods described by Griffin et al.
(1988, 1989). A beam of 3 MeV protons is focused on to a target by
an electrostatic lens (Sie and Ryan, 1985), forming a spot approxi-
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mately 20 pm in diameter, The X-radiation produced is collected by a
Si (Li) detector, and the data processed as described by Ryan et al.
(1990). During the analyses reported here, the major element spectra
were attenuated by a 200-pum filter to allow use of higher beam currents
(6-12 nA) and the attainment of relatively low detection levels within
analysis times of approximately 5-10 min. Such a filter, however,
limits analyzed elements to those with Z > Fe. Where possible, at least
three spots were analyzed per mineral, and the spectra of individual
spots summed to produce a composite spectrum and therefore enhance
counting statistics. Quoted uncertainties are 1 standard deviation (SD),
based on the counting statistics. The analytical methods employed are
in principle independent of standards (Ryan et al., 1990). However,
analytical data are normalized to electron microprobe analyses for Fe
to correct for bias caused by possible accumulated charge measurement
problems; these corrections are usually within 10%-15%, except
where beam penetration has occurred through a mineral. The accuracy
of the technique is estimated to be on the order of 5% relative, at
concentration levels greater than 2-3 times mean detection levels
(Ryan et al., 1990).

Electron microprobe analyses were carried out at the University
of Queensland, Centre for Microscopy and Microanalysis using a
newly installed, fully antomatic JEOL superprobe. Glass analyses
used an enlarged beam of approximately 15 pm diameter.

SAMPLES AND PROCEDURES

Eleven Leg 135 samples were chosen, based on a range of whole
rock compositions, relatively abundant phenocrysts, and the pres-
ence of preserved interstitial glass. Seven of the samples are olivine
+ clinopyroxene * plagioclase basalts, three are clinopyroxene-
orthopyroxene-plagioclase basaltic andesites, and one is a vitrophyric
low-K,O rhyolite from Site 841. The additional sample is a two-
pyroxene—plagioclase dacite from Fonualei Island, Tonga (Sample
F32/69; see Ewart et al., 1973, for details). Modal analyses and details
of the site and core locations are presented in Table 1.

Calculated partition coefficients (= D) are presented for the ele-
ments Mn, Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Ba, and Pb (Tables 2-6).
Additional elements that are capable of routine analysis by proton
microprobe include Ge, Nb, Mo, Th, U, La Ce, Nd, As, Sb, Br, Hf,
and Sn. The very depleted geochemistry of the Lau-Tonga magmas
(e.g., see Ewart et al., this volume), however, precluded the routine
detection of these elements in the constituent minerals within the
lavas, although Sn was detected in the spinels. The analytical data for

th
el
w



A. EWART, W.L. GRIFFIN

glasses and minerals are presented in Tables 7-11, whereas electron
microprobe analyses of the glasses are presented in Table 12. All
glasses analyzed were found to be homogeneous.

Partition coefficients are calculated in two ways. The simplest, and
most commonly used, is the ratio of the concentration of element in
mineral/concentration of element in coexisting glass (= liquid; appar-
ent partition coefficients). Korringa and Noble (1971) pointed out,
however, that most phenocryst minerals are zoned both with respect
to major and trace elements, and as only the surfaces of such zoned
crystals are likely to be in equilibrium with the surrounding liquid
during crystallization, the simple bulk crystal/liquid ratio calculation
will thus potentially yield erroneous coefficients, The extent of this
error will depend on the percentage of each phenocryst, the percent-
ages of coprecipitating phenocrysts, and how close ideal fractional
crystallization was approached. To minimize the error, Korringa and
Noble (1971) applied and adapted the Rayleigh distillation equations
to calculate partition coefficients. The necessary data required are (1)
concentration of each element in groundmass glass; (2) weight frac-
tions of the groundmass and the phenocryst phases (determined from
modes: Table 1): and (3) the average concentrations of elements in
each of the various phenocryst phases. In principle, the coefficients
can be calculated from some combination of groundmass, whole-
rock. and phenocryst trace element data (eqs. 3-5 in Korringa and
Noble, 1971). In this report, only groundmass and phenocryst data
are used (thus using egs. 5, 7, and 8 of Korringa and Noble, 1971).
The results of this method of calculation are shown in Tables 2-6,
where they can be compared with the simpler ratio method of calcu-
lation. Ewart et al. (1973) showed that for the Tongan volcanic rocks,
in which partition coefficients were based on analyses of separated
mineral concentrations, the Rayleigh corrected data resulted in more
robust coefficients. This is especially important for element-mineral
combinations with high partition coefficients, such as Ni in olivine,
Nevertheless, implicit in these calculations is the assumption that
throughout phenocryst precipitation, the phenocryst phases main-
tained the same relative proportions in which they are now observed
in each rock. The proximity of most of the samples to the relevant
cotectic curves (e.g., Ewart et al., this volume) suggests that this
assumption probably is reasonable. The Rayleigh correction proce-
dure is also considered to provide a more realistic upper limit for those
partition coefficients based on element abundances that are below
their detection limits. Therefore, these are shown in Tables 2-6 where
appropriate. In these tables, the 1 standard deviation (SD) of uncer-
tainty given for the Rayleigh calculated coefficients are based on the
+1 SD errors given for each element analyzed (Tables 7-11), with
coefficients calculated for the + extremes of values; these yield values
that are equivalent to the method used by Green et al. (1989).

The relatively large spot size of the proton-microprobe beam
(approximately 20 pm in diameter) precluded detailed study of zoning
within phenocryst and microphenocryst phases, ideally required to
test the applicability of the Rayleigh correction procedure. Neverthe-
less, in a number of samples, phenocryst/microphenocryst cores and
rims (or associated groundmass phases) were analyzed. Comparison
of the data for these pairs, together with comparisons of the numeri-
cally higher partition coefficients calculated by both calculation meth-
ods, suggest that the Rayleigh corrected data provide increased con-
sistency, and thus provide more reliable coefficients, For most of the
numerically smaller partition coefficients, however, differences be-
tween the two sets of coefficients are relatively insignificant.

In Tables 2—-6, comparisons of the new data are made with previous
data (Rayleigh corrected) for basaltic andesites, andesites, and dacites
for Tonga (Ewart et al., 1973), and also with data from a partition
coefficient data base, created from published partition coefficients
determined for naturally occurring phenocryst-groundmass data from
volcanic rocks. The data set includes some 900 sets of mineral-liquid
pairs, with about 4000 individual coefficients. Examples of its appli-
cation are given in Ewart et al. (1988) and Ewart and Chappell (1989).
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DISCUSSION
Plagioclase

Only Sr and Ga are strongly partitioned into plagioclase, for those
elements analyzed (Table 2). Apart from anomalously high Rb and Ba
coefficients in Sample 135-836A-3H-CC, 0-9 cm, and the Sr coeffi-
cient in Sample 135-835B-4R-1, 131-141 cm, the determined coeffi-
cients are consistent with the range of relevant coefficients determined
for the Tongan lavas and the more general basaltic and basaltic andesite
coefficients in the literature. Zr, however, exhibits what are effectively
bimodal coefficients, lying either between (0.024 and <0.12, or between
0.22 and 0.38. The lower set of values are within the range reported in
the literature, but the second set appear anomalous. It is interesting to
note, however, that these higher Zr coefficients all occur in samples
from Sites 835 and 839, those lavas having strongly developed “arc-
like” affinities (e.g., Ewart et al., this volume), whereas the Fonualei
dacite (active Tongan arc) also exhibits a relatively high plagioclase Zr
coefficient (D = 0.36). Zircon has not been observed in these samples
(noting their rather low Zr abundances), and thus the presence of small
zircon inclusions is precluded as an explanation. Similarly, the possible
presence of glass inclusions within the plagioclases (caused, for exam-
ple, by quench crystallization) is also an unlikely explanation, as if
should they enhance the apparent Zr concentrations in the plagioclases,
they would also result in abnormally high coefficients for Zn and Cu.
These were not observed, however. The possibility that the explanation
lies in kinetic effects accompanying rapid high-temperature crystal-
lization is feasible, but as yet impossible to evaluate.

The Sr coefficients are similar to the basaltic plagioclase mega-
cryst value of 1.61 +0.67 given by Phinney and Morrison (1990), and
with two exceptions, within the range of literature values (Table 2).
The exceptions are Samples 135-835B-4R-1, 134-141 cm (high Sr)
and 135-839B-38R-1, 8-12 cm (low Sr); although the possibility of
disequilibrium plagioclase exists in these two examples (e.g., Ewart
et al., this volume), this could also apply to other samples in which
the Sr coefficients lie within the normal range. The Rb coefficients
are variable, but consistent with published values, whereas Ba is
below detection levels in most samples. Published Ba partition coef-
ficients are mostly <1 (see also Phinney and Morrison, 1990), consis-
tent with the Leg 135 data set, with the exception of two anomalous
values, one of which is a quenched plagioclase rim in Sample 135-
839B-23R-1, 0-6 cm. The Pb coefficients are also variable, but
significantly, the higher D values all have relatively high analytical
uncertainties and thus need to be treated with caution. The preferred
D values, based on the present data set, are between approximately
0.5 to 0.6.

The Tongan plagioclase data (Ewart et al., 1973) exhibit increasing
partition coefficients from basaltic andesites through to dacites, espe-
cially evident for Sr and Ga. Such trends are not so clearly defined in
the present data set, although the Zn coefficients are relatively high in
the rhyolitic and dacitic plagioclases, whereas Ga and Sr are relatively
high in the rhyolitic plagioclase. In two of the samples (135-839B-23R-
1, 0-6 cm, and -35R-1, 7-11 cm), comparative core and rim composi-
tions are available, The only two elements that exhibit systematic and
significant differences are Sr and Ga, the partition coefficients decreas-
ing at the plagioclase rims of both samples. For other elements, dif-
ferences are within analytical uncertainties.

Clinopyroxene

This phase is notable for relatively strong partitioning of Mn, Ni,
Cu, Zn, Ga, Y, and, in some samples, even Sr into its lattice. The
coefficients, with the notable exception of Sr, are within the ranges
of published values for basaltic and basaltic andesite clinopyroxenes,
although few data for Y and Ga are available for natural clinopy-
roxenes. Experimental data of Green et al. (1989) and Kuehner et al.



(1989) indicate basaltic clinopyroxene DY values of 0.1 and 0.3-0.53,
respectively, compared with values of 0.58-0.89 in this study. The
Mn coefficients for the mafic lavas are slightly lower than determined
in the Tonga lavas (although the Dy, value for the Fonualei dacite is
similar), but are mostly comparable to the lower range reported in the
literature (including the experimental data of Dunn, 1987), with the
values in the samples from Site 839 being noticeably lower than those
in the clinopyroxenes from Sites 834 and 835. The Ni coefficients are
puzzlingly variable, although the Rayleigh corrected data are more
coherent; il is suggested that the variability is most likely to reflect
the relative stages of clinopyroxene and olivine precipitation, and
their effects on the Ni-MgO contents of the coexisting liquid.

The Sr coefficients are mostly higher than normally reported, with
Ds, of 0.13 being the upper limit (see also experimental data of Green
etal. [1989] and Kuehner et al. [1989]). The Zr coefficients tend to be
bimodal, either low (<0.09) or between 0.13 and 0.3 1. Published values
on natural clinopyroxenes are also erratic (undoubtedly reflecting
included zircon in some cases), whereas experimentally determined
values range from 0.1 (Green et al., 1989) to 0.27-0.44 (Kuehner et
al., 1989) t0 0.05-0.45 (Dunn and McCallum, 1982). The latter authors
attribute the observed variability of their Zr data to Al in the pyroxenes
and melt.

A trend toward increasing partition coefficients is apparent for Mn
(most strongly developed in the rhyolite), Zn, and Y (in the rhyolite).
For Sample 135-839B-23R-1, 0-6 cm, comparative analyses are pre-
sented for microphenocrystal and groundmass clinopyroxene, The
results indicate significant increased partitioning of Mn, Ni, Cu, Zn,
and Sr in the groundmass phase, which at least in part may be
kinetically controlled.

Orthopyroxene

Data are available only from Site 839 basaltic andesites (Unit 9)
and the Fonualei dacite. The strong partitioning of Mn and especially
Ni are evident. Although the partition coefficients (Table 4) are
generally consistent with the very limited published values for natural
orthopyroxenes, data are scarce for Zr, Ga, Rb, Sr, Y, Zr, Ba, and Pb.
The experimental data of Green et al. (1989) give partition coeffi-
cients for Sr, Zr, and Y of 0.04, 0.18, and 0.18, respectively. The
measured Leg 135 data are higher for Sr and Y, ranging from 0.07 to
0.19 (Sr), and from 0.19 to 0.32 (Y). Measured Zr coefficients are
variable, ranging between <0.03 and 0.14 (with a single groundmass
value of 0.59).

The Zn and Mn coefficients increase markedly in the dacitic ortho-
pyroxene, consistent with transition element behavior in the Tongan
pyroxenes in general (Ewart et al., 1973). Comparative coefficients are
presented for microphenocrystal and groundmass orthopyroxene in
Sample 135-839B-29R-1, 134-136 cm. Significant increases in the
coefficients of Cu, Zn, Ga, and Zr, and a decrease in Y, occur in the
groundmass phase.

Olivine

The elements Mn, Ni, and Zn exhibit the strongest partitioning
(predictably) into olivine. Coefficients for Mn range from 1.18to 1.81
for samples from Sites 834 and 835 (similar to the experimental values
determined by Dunn [1987]), but are notably lower in samples from
Sites 836 and 839 (0.83-0.96). Coefficients for Ni and Zn (in part)
behave similarly, suggesting olivine-liquid disequilibrium in the lavas
from Sites 836 and 839. Hart and Davis (1978) found that oliviney/
liquidy; (= D) partitioning is strongly correlated with melt MgO, but
itis independent of liquid Ni concentrations, with only weak tempera-
ture dependence. These authors expressed the compositional depend-
ence as D = (124/Mg0) — 0.9. Predicted MgO (liquid) values, using
this equation with the Rayleigh corrected coefficients, are shown in
Table 5, and are compared with MgO abundances in coexisting
glasses and the whole rocks. The predicted MgO values are consis-
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tently low in the basalts from Sites 834-836, indicating that the
Ni-partition coefficients are higher than are predicted by the equation.
Magma mixing within the Site 834-836 magmas is a possible expla-
nation, as discussed elsewhere in this volume (Hergt and Nilsson;
Bryan et al.), although Mg-Fe partitioning data suggest only minimal
effects in the Site 834 samples analyzed here (Ewart et al., this
volume). In the case of the two Site 839 samples, the predicted MgO
(liquid) values are actually higher than observed. In these examples,
incorporation of highly magnesian olivines into more evolved melt is
indicated by additional Mg-Fe crystal-liquid exchange data (Allan,
this volume; Ewart et al., this volume).

Notwithstanding the evidence pointing toward disequilibrium oli-
vine in many of the Leg 135 samples, the calculated partition coeffi-
cients are within the ranges reported in the literature for basalts and
basaltic andesites, with the exception of two anomalously high Pb
values, and the relatively high Zr coefficients in the two Site 839
olivines, noted above. Comparative core and rim compositions are
available for Sample 135-834B-35R-1, 58-60 cm. These indicate sig-
nificant decreases in the coefficients for Mn and Ni, and increases in
Zn and Sr, in the slightly more Fe-rich rim zones.

Spinels

The Cr-spinels exhibit strong partitioning of Mn, Ni, Zn, and Ga,
and Sn is detected in two analyses. Comparison of core and rim com-
positions from Sample 135-839B-22R-1, 6-9 cm, show that the Zn
coefficient changes significantly, decreasing in the rim zone, which
is thought to be temperature controlled.

Two titaniferous magnetites have been analyzed: (1) from the Site
841 vitrophyric rhyolite and (2) from the Fonualei dacite. Again, Mn,
Zn, and Ga are strongly partitioned into the spinel, with the coeffi-
cients increasing markedly in the rhyolitic magnetite; this latter phase
also shows high Dy. Few magnetite data are available for comparison
from equivalent dacites and low-K,O rhyolites. Recent data of Fran-
calanci (1989) for magnetite in a potassic andesite, however, are
relevant, in that they report partition coefficients for Sr, Zr, and Y of
0.15, 0.45, and 1.7, respectively. These are very similar to the values
determined in this work.

SUMMARY

Based on in-situ proton-microprobe analyses of phenocrystal, micro-
phenocrystal, and some groundmass mineral phases and coexisting
glasses, partition coefficients are presented for Mn, Ni, Cu, Zn, Ga, Rb,
Sr, Y, Zr, Ba, and Pb. Mineral phases include plagioclase, clinopy-
roxenes, orthopyroxene, olivine, Cr-spinel, and titaniferous magnetite.
Eleven samples have been analyzed from Leg 135 drill sites compris-
ing basalts from Sites 834-836 and 839; basaltic andesites from Site
839; and low-K,O rhyolite from Site 841. An additional dacite from
Fonualei Island (modern Tongan Arc) is included. Data for additional
elements were not obtained because of the generally depleted trace
element geochemistry of the Lau Basin and Tongan lavas.

The partition coefficients are presented first as ratios of element
concentration in mineral/concentration of element in glass (apparent
partition coefficients), and second as coefficients corrected using the
Rayleigh distillation model (also requiring modal data). We consider
that the Rayleigh corrected data provide a more robust data set,
especially for the larger partition coefficients.

Comparison with published partition coefficients, including a set
determined specifically on modern Tongan lavas, reveals an overall
consistency with the data determined in this work, but with some
notable anomalies. Examples are some relatively high-Zr coefficients
in plagioclases, relatively high-Sr coefficients in pyroxenes, and
low-Mn coefficients in clinopyroxenes and olivines from Site 839
lavas, We suggest that some of the anomalies could be kinetically
controlled, this receiving some support from comparisons of limited
data for phenocryst core-rim and microphenocryst-groundmass pairs
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from the same samples. Interpretation of the overall partition coeffi-
cient data is, however, complicated by possible crystal-liquid disequi-
librium resulting from mixing processes, thought to show most obvi-
ously in the olivines from lavas of Sites 836 and 839. Calculated coef-
ficients for some elements increase markedly in the dacite and rhyolite
(relative to mineral phases in the mafic lavas). Examples are Zr, Ga, and
Srin plagioclase; Mn, Ga. and Y in clinopyroxene; Mn and Zn in ortho-
pyroxene; and Zn, Ga, and Y in the rhyolite titaniferous magnetite.
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Table 1. Modal analyses (volume percent) of samples analyzed by proton microprobe,

Hole &34 8348 8358 836A B36A B398 B398 8398 8398 B398 B41B
Core, section 35R-1 STR-1 4R-1 3H-CC 4H-CC 22R-1 23R-1 29R-1 3I5R-1 38R-1 S0R-1
Inerval (cm) 58-60 126-128 134-141 0-13 59 0-6 134-136 7-11 8-12 5-9
Unit 5 13 1 3 3 3 3 9 9 9 B
Phenocrysts
Plagioclase 80 90 10.7 81 13.7 - - 115 14.5 93 Plagioclase 141
Clinopyroxene 30 2.8 6.9 - - 1.2 11 02 01 04 Quartz 6.8
Olivine 15 0.9 1.7 24 35 16.8 16.2 - - - Clinopyroxene 1.1
Orthopyroxene - - = - = = - 05 07 03 Onthopyroxene 0.5
Chromite - - - - <.l 03 02 - = - Magnetite 0.8
Total Phenocrysts 14.5 127 193 10.5 172 18.3 175 122 155 100 Homblende <0.1
Total 233
Vesicles 180 157 4.7 12 - 3a 3 159 17.7 48
WVesicles 3.7
Groundmass Groundmass  76.7
(glass)
Plagioclase 22 15 10 18 - - <01 216 115 125 N 1799
Clinopyroxene 02 0.s 0.5 - - 10.3 19.6 14.2 - 29
Olivine 0.1 - 01 - - 1.7 0.8 - = <
Opagues o = X % - - £ 08 = =
Mesostasis (glass) - - - - 528 - - 511 170 -
Mesostasis (composite)* 829 853 79.0 873 = 56.2 578 = 53.2 710
Segregation vesicle glass - - - - - 22 12 - 23 36
Segregation vesicle infilling (devitrified) - = - - - 113 30 = =
N 1447 1613 1360 1205 1721 1827 266 1214 1332 1315

Notes: Data are recalculated vesicle-free. N = number of points counted.
Includes devitrified £ glassy mesostasis.
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Table 2. Calculated partition coefficients for plagioclase phases analyzed by proton microprobe.

Hole B34B 8348 8358 836A 836A B398 B39B
Core, section  35R-1 57R-1 4R-1 3H-CC 4H-CC 23R-1 23R-1
Interval (cm)  58-60 126-128 134-141 0-9 0-13 0-6 0-6
Type Phen Phen Phen Phen Phen Mphen core Mphen rim
Mn (1) 2 z > . = 3 .
2) <0.035 <0.048 <0.068 <(.083 <0.029 <0.068 <0.074
Ni (1) . - = 5 . - -
(2) <0.15 <026 <022 <0.23 <036 <073 <073
Cu (1) 0.11 0.15 - - 0.045 0.072 0.084
@) 0.13 (0.01) 0.17 (0.01) <0.064 <0.11 0.049 (0.004) 0082 (0.022) 0.095 (0.015)
Zn (1) 0.070 0.13 0.028 0.20 0.042 0.095 0.091
2 0075 (001)  0.14 (0.01) 0031 (0.015) 021(0.02)  0045(0.006)  0.09 (0.014)  0.092 (0.014)
Ga (1) 1.26 1.18 1.84 0.99 0.9 1.74 146
2 1.28 (0.10) 1.18 (0.01) 1.83 (0.03) 1.00 (0.08) 0.98 (0.04) 1.94 (0.02) L.64 (0.03)
Eb (1) - - 037 32 - - -
3] <075 <021 0.41(0.10) 29 (0.07) <0.78 <0.49 <0.58
St (1) 153 145 411 1.57 m 168 149
7)) 1.53 (0.01) 143 (0.01) 363(002)  155(001) 103 (0.01) 1.92 (0.02) 1.69 (0.03)
Y (1) . . s : 0.084 . -
(03] <0.076 <0.12 <(.19 <0.12 0.092 (0.026) <029 <031
Zr (1) 0.024 0.022 034 - - - 022
2) 0.026 (0.020) 0.024 (0.023) 038 (0.04) <0.13 <0029 <0.12 0.24 (0.12)
Ba (1) . - - 524 . . 20
) <0.84 <092 <115 439 (10) <0.86 <187 22(03)
Pb (1) 3s 059 : 2.10 0.96 i E
2 2.95 (0.86) 0.61 (0.04) <051 200(043) 098 (0.22) <121 <13
An%(mol.) 75-77 78-83 71-86 76-86 80-90 85-88 84-85
Table 2 (continued).
Hole 8398 839B 8398 8398 8418 Fonualei Tonga® Tonga* Literature +
Core, section  29R-1 35R-1 35R-1 38R-1 50R-1 F3z2/69 basaltic andesites basalts and
Interval (em)  134-136 7-11 7-11 812 59 andesites  and dacites  basaltic
Type Phen Phen core Phen rim Phen Phen Phen desi
Mn (1) - - 0,032 : 0.047 0.016-0.07
(2) <0.029 <0.045 <0.046 0.030 (0.007) <0079 0.045 (0.004)
Ni (1) . ) ; ; ) . 0.05-0.22
2 <0.44 <0.94 <0.94 <051 <0.63 <0.52
Cu (1) 0.054 - - 0.028 - 023 0.004-0.7
2 0073 (001) <0075 <0075 0033 (0.004) <060 024(002)  007-024 008032
Zn (1) 0.043 0.058 0.072 0.037 0.18 0.141 0.04-0.19
@ 0055 (0.01) 0067 (0023) 0.084 (0015)  0.043 (0.006) 0.15(001)  0.142 (0.01)
Ga (1) 143 1.73 136 1.30 1.59 103
2) 137(007)  157(001)  130(001)  126(007)  154(004) 103(0.01) 08811  11-17
Rb (1) - 027 0.36 - - 0.25 0.026-0.36
) <011 030 (0.08)  0.40 (0.08) <011 <0.087 0.25 (0.01)
Sr (1) 227 148 135 0.93 4.06 137 1.04-2.22
@ 190(002)  139(0.01)  130(001)  094(0.01)  344(005) 137(001) 1417 1826
Y (1 - - - - - - 0.05-0.13
2) <0.10 <0.24 <0.28 <0.073 <0023 <0.072
Zr (1) 0.17 024 020 z x 036 0.01-005
) 024 (0.02)  028(0.01)  022(0.05) <0030 <0.008 0.36 (0.01)
Ba (1) 0.39 - . - 028 029 0.054-1.05
@ 048 (0.08) <071 <0.73 <045 032(004)  029(0.04) 015019 0.11-0.17
Pb (1) 115 = : 0.48 z : 0.1-54
@ 113(026) <064 <0.70 051(002) <074 <0.60
An%(mol.) 82-89 8891 74-83 87-95 40-48 88.9

Notes: (1) = calculated as Csolid/Cliguid, and (2) calculated assuming Rayleigh fractionation. Phen = phenocrysts, and Mphen = microphenocrysts. Figures
in parentheses are 1 SD based on the | SD proton-microprobe uncertainties.

* After Ewart et al. (1973) based on mineral separates.
* See text.
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Table 3. Calculated partition coefficients for clinopyroxene phases analyzed by proton microprobe.

Hole 834R 834B BI5B BI9B 8398 8398 BMIB Fonualei Tonga* Tonga* Literature +

Core, section 35R-1 5TR-1 4R-1 23R-1 23R-1 38R-1 S0R-1 F32/69 basaltic andesites basalts and

Interval (cm) 58-60 126-128 134-141 06 -6 812 5-9 andesites and dacites basaltic

Type Mphen Mphen Phen Mphen Gmss. Phen Phen Phen i

Mn (1) 0.39 070 0.95 055 0.61 0.68 14.4 225 081-15
(2) 090(0.01)  069(001) 099(0.02) 056 (0.02) 0.62(0.02)  0.65(0.02) 12.1 (0.2) 2.16 (0.01) 12-1.5 1842

Ni (1) 4.60 0.44 5.82 1.85 467 - - - 0.26-84
(2) 282(0.13) 040(004) 370(0.12)  0.26(0.01) 0.66 (0.01) <051 <25 <21 5.6-84

Cu (1) 0.52 0.55 0.28 0.60 0.51 - - 00707
(2 0.57(0.02) 059(001) <0056 031 (0.02) 0.67(0.02)  0.59(0.01) <1.94 <027 0.12-0.69 0.25-0.87

Zn (1) 0.43 077 0.27 0.53 071 0.58 263 1.08 033-0.74
@ 046 (0.01) 081 (0.02) 029(001) 053(001) 072(0.01) 067(001) 206 (0.02) 1.09 (0.01)

Ga(l) 0.55 0.56 0.30 035 0.40 115 - 0.23 035
(2) 0.56 (0.03) 056 (0.02) 030(0.02) 039(0.03) 0.44 (0.08) 1.11 (0.01) <0.29 0.28 (0.01)

Rb (1) - - - - - 0.30 - - 0.001-0.08
(2) <0.64 <021 <0.15 <039 <0.41 0.34 (0.07) <0.21 <0.12

Sr () 0.44 0.52 0.070 043 0.60 0.83 0.10 0.10 0.07-0.13
(2) 0.44(001) 052(001) 0.062(0.01) 049 (0.01) 068(0.01) 085(001)  0.086(0.014) 0.10 (0.01)

Y (1) 0.68 054 0.62 0.79 0.69 0.56 192 0.76 0.42
2) 073 (0.02) 0.58(0.01) O0.68(0.02) 0.89(0.05) 0.78 (0.08)  0.64 (0.08)  2.14 (0.01) 0.79 (0.03)

Zr (1) 0.23 - 0.12 - - - 0.076 0.30 0.14-1.24
2) 0.25(0.01) <0025 0.13(001) <0081 <0.086 <0.049 0088 (0.011) 031 (0.03)

Ba (1) : ; : : : : 2 0.15 0.001-0.05
(2) <0.56 <074 <0.55 <115 <125 <0.69 <0.22 0.16 (0.06)

Pb (1) - 0.65 - - - 1.34 - - 0.15-1.0
(2) <0.71 0.67(0.02) <040 <10 <1.1 142(0.70) <21 <17

Ca (atomic.%) 398 418 41.5 423 423 39.6 0.7 36.6

Mg 515 493 488 49.0 475 476 332 378

Fe+Mn 8.8 9.0 9.8 87 103 128 272 256

Notes: (1) = calculated as Csolid/Cliquid. and (2) calculated assuming Rayleigh fractionation. Mphen = microphenocrysts, Gmss = groundmass, and Phen = phenocrysts.
Figures in parentheses are | SD based on the | SD proton-microprobe uncertainties.

i After Ewart et al. (1973) based on mineral separates.

* See text.

Table 4. Calculated partition coefficients for orthopyroxene phases analyzed by proton microprobe.

Hole 839B 839B 839B 839B Fonualei Tonga® Tonga* Literature*
Core, section 29R-1 29R-1 3I5R-1 38R-1 F32/69 basalti desi basalti
Interval (cm) 134-136 134-136 7-11 8-12 andesites  dactes andesites
Type Mphen Gmss Phen Phen Phen
Mn (1) 1.55 149 228 201 30 1822
(2) 1.85(0.30) 1.80 (0.25) 136 (0.02) 1.92 (0.17) 2.88 (0.05) 1822 24-64
Ni (1) 822 767 15.2 214 - 5.2-148
(2) 6.85 (0.15) 6.53(0.27) 16.2 (0.1) 22.7(04) - T3-110 -
Cu (1) 0.15 0.53 0.10 011 - 0.16-0.92
2) 0.21 (0.01) 0.69 (0.02) 0.12 (0.01) 0.12 (0.06) <0.12 017092 03412
Zn(l) 090 Lo 1.01 L10 1.67 -
2) 1.16 (0.05) 1.28 (0.05) 1.18 (0.02) 1.27 (0.01) 1.68 (0.02)
Ga(l) 0.20 038 025 0.25 027 -
(2) 0.20 (0.02) 0.36 (0.04) 0.23 (0.02) 024 (0.04) 0.27(0.03)
Rb (1) - - - . . 0.029
(2) <008 <02 <0.09 <0.12 <0.08
Sr (1) 0.23 0.22 0.074 011 0079 0.01
(2) 0.19 (0.01) 0.18 (0.07) 0.069 (0.003) 0.12 (0.01) 0.079 (0.006)
Y (1) 024 0.14 0.23 022 0.24 .
(2) 032 (0.02) 0.19 {0.05) 0.26 (0.02) 0.25 (0.02) 0.24 (0.02)
Zr(l) - 0.44 012 0.076 0.20 -
2) <003 0.59 (0.01) 0.14 (0.02) 0089 (0.013) 0.21 (0.01)
Ba(l) - = = B 0.17 0.01
2 <017 <034 <0.18 <028 0.17 (0.03)
Pb (1) - - 043 - - =
(2) <0.45 <(.45 0.46 (0.09) <046 <1.0
Ca (atomic %) 39 47 42 42 44
Mg 728 68.2 7337 73.0 533
Fe+Mn 232 27.1 2 28 423

Notes: (1) = calculated as Csolid/Cliquid, and (2) calculated assuming Rayleigh fractionation. Mphen = microphenocrysts, Gmss =
groundmass, and Phen = phenocrysts. Figures in parentheses are 1 SD based on the 1 $D proton-microprobe uncertainties.

i After Ewart et al. (1973) based on mineral separates.

+
See text.
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Table 5. Calculated partition coefficients for olivine phases analyzed by proton microprobe.

Hole 834B 8348 834B 8358 836A 836A 8398 839B Literature *

Core, section 35R-1 35R-1 STR-1 4R-1 3H-CC 4H-CC 22R-1 23R-1 basalts-

Interval (cm) 58-60 58-60 126-128 134-141 0-6 0-13 69 -6 basaltic

Phen core Phen rim Phen Phen Phen Phen Phen Phen desi

Mn (1) 136 L9 1.82 1.15 1.0 091 083 079 0.8-2.6
(2) 1.38 (0.03) 1.21 (0.01) 1.81 (0.06) 1.18 (0.01) 0.96 (0.01) .88 (0.10) 0.83 (0.02) 0.80 (0.08)

Ni (1) 626 453 300 40.7 233 253 131 949 4.5-21.7
(2) 384 (2.0) 306 (1.6) 270(25) 259(13) 18.0 (0.8) 174 (0.5) 138(L.1) 13.5(0.5)

Cu (1) - - 0.54 - 0.29 - 0.079 0.059 0.0243
(2) <0.12 <0.13 0.57 (0.01) <0.06 0.31 (0.05) <007 0.09 (001)  0.066 (0.017)

Zn (1) L11 118 122 0.96 0.77 1.04 0.86 0.85 0.67-3.0
2 1.19 (0.01) 1.27 (0.02) 1.29(0.02) 1.07 (0.02) 0.80 (0.01) 1.12 (0.02) 0.87 (0.012) 0.86 (0.01)

Ga (1) = - . = - . = - 0.04-0.05
2) <034 <035 <042 <022 <0.61 <041 <0.17 <023

Rb (1) 1.63 - - - < %1 0T - 0.0002-0.19
2) 1.69 (0.7) <17 <(.20 <0.17 <033 21(09) 0.80 (0.01) <026

Sr (1) 0023 0.083 026 = - . = 0.011 0.002-0.12
(2) 0.023(0.02) 0.083(0.01) 0.26 (0.02) <0014 <0.035 <0.020 <0009 0.012 (0.005)

Y (1 = - 0.73 - - - - -
(2) <0.14 <15 0.78 (0.01) <(.12 <017 <011 <{0.13

Zr (1) 011 0.062 - 011 - 0.11 038 0.18 0.04
(2) 0.13 (0.05) 0.068 (0.033) <0041 0.12 (0.02) <0.068 0.12 (0.04) 0.42 (0.09) 0.20 (0.03)

Po(l) . - - 0.60 - . 079 - -
(2) <1.7 <1.7 <41 0.64 (0.06) <067 <0.15 0.81 (0.09) <0.68

Fo (mol%) 84-87 83-85 8386 B1-85 86-87 87-88 88-92 B8-92

MgO predicted liquid 316 394 4.44 4.63 6.56 6.78 844 H.61

MgO glass 6.12 6.12 643 637 826 817 6.89 6.94

MgO whole rock 7.02 T.02 7.24 7.66 - 9.09 - 14.83

Notes: (1) = calculated as Csolid/Cliquid, and (2) calculated assuming Rayleigh fractionation. Phen = phenocrysts. Figures in parentheses are | SD based on the
1 SD proton-microprobe uncertainties.

* See text.

Table 6. Calculated partition coefficients for oxide phases analyzed by proton microprobe.

Chromites Magnetites
Hole 8198 8398 8398 B41B Fonualei Tonga® Literature *
Core, section  22R-1 23R-1 23R-1 50R-1 F32/69 andesites-  basaltic
Interval (em) 69 0-6 06 59 dacites andesites,
Type Mphen Mphen (cores)  Mphen (rims) | Mphen Mphen andesites
Mn (1) 6.72 528 4.77 148 2.18 1432
(2) 6.80 (1.25) 539 (0.88) 4.87(1.20) 124 (04) 209 (0.29) 1429
Ni (1) 754 621 538 419
(2) 7.96 (0.59) 8.80 (0.23) 763 (1.47) <21 . 19
Cu(l) 0.086 0.060 1367
(2) 0.098 (0.017) 0.068 (0.025) <0.15 <30 - 1323
Zn (1) 491 390 4.78 457 623 54-127
2) 4.96 (0.16) 3.96 (0.09) 4.85(0.12) 359(02) 627 (0.09)
Ga(1) 206 228 264 4.49 290 -
2) 2.34 (0.40) 256 (0.14) 296 (0.14) 4.37 (0.06) 290 (0.28)
Rb (1) -
(2) <1l <042 <0.79 <0.12 -
St (1) 0.81 021 -
(2) <0.020 <0018 <0033 0.69 (0.05) 0.21 (0.03)
Y (1 1.69 - -
(2) <0.24 <0.19 <036 1.88 (0.05) -
Zr (1) 027 039
2) <021 <0075 <0.14 032 (0.02) 0.40 (0.05)
Pb (1) 2
(2) <14 <1.1 <23 <24 -

Notes: (1) = calculated as Csolid/Cliquid, and (2) calculated assuming Rayleigh fractionation. Mphen =microphenocrysts. Figures
in parentheses are 1 SD based on the 1 SD proton-microprobe uncertainties.

" After Ewart el al. (1973) based on mineral separates.
* See text,
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Table 7. Proton-microprobe analyses of Lau-Tonga glasses.

Hole 5348 834D 8358 836A B36A 8398 B398 3398 8398 8398 5398 8398 8398 8418 Fonualei 32/69
Care, section 35R=-1 57R=1 4R-1 3H-CC  4H-CC  22R-1 2IR-1 2IR-1 2Z3R-1 29R-1 i5R-1 I5R-1 38R-1 S0R-1
Interval (cm) 58-60 126-128  134-141 0-7 0-13 69 &9 6-9 0-6 134-136  7-11 7-11 812 5-9
Glass type Rind Rind Inter- Gmss Gmss Rind"A"  Rind"B"  Segreg-  Rind Inter- Inter= Segreg-  Inter- Gmss Gmss
stitial ation stitial stitial ation stitial

vesicle vesicle

glass glass
Trace elements (ppm):
Mn 94463 933255 978=79 947=70 B75236 855247  BT0=32 945265 1090256 15802317 110047 1070257 1140276 29323 174049
Fe(%) 6542004 6752005 7.27¢006 6412004 6562003 6342004 6M=0.04 685:0.04 6162003 10.7:17 B.152006 8.74=007 9052006 16620007 61004
Wi 174218 205225 2215220 46236 57229 151223 215221 <61 195224 <9 <11 <8 <3 <5 <53
Cu 63=2.0 76235 §9=4.1 7922 110:28 96216 99:2.1 134225 109231 156213 124242 9823 177244 <35 26.7£1.3
In 66=2.4 745226 B3=26 120=3 55222 65223 63219 9917 78224 12129 107235 11322 10523 51210 124215
Ga 121215 12211 11.5=1.1  9.1=11 92-09 124210 98210 129206 106=0.7 132214 129211 129:09 109:1.1 13.3:0.9 17.7+0.8
Ge <15 < <14 <22 <18 <28 <24 <24 <19 <3 <3 <22 <22 <16 1.2=04
Rb <1.% 121215 132212 55510 <14 <18 26208 25208 68208 22:2 16.2+18  131=11 143214 14.720.8 2109
S 15522 16323 13322 14022 14822 172524 169:20 204220 168:18 15524 2095 18523 21822 53214 34723
Y 4212 2522 206212 171210 190207 13808 140209 139209 152:08 2631.7 199=15 228212 125211 64213 229212
F/ 79=2.2 13425 120228 7824 50=3 11952 19.7521 183219 40225 7525 M=q 77225 71225 AW2=3 Tox2.4
Ba 68224 <104 92=30 <68 <7 <55 <50 55220 66220 243236 232248 179238 134228 256232 284225
] <43 15226 126224 1023 45214 43:217 4.2:19 66216 60:15 74238 151228 92£20 71230 <35 <33
Nb <3 <48 <37 <14 <3 <3.6 <23 <26 <25 <38 <48 <33 <34 <27 1.940.53
Mo <35 <5 <26 <33 <24 <39 <3.5 <17 - <38 - <32 - . .-
u <36 <5.7 <4.5 <41 <18 <45 <31 <33 <32 <6.0 <d.1 «4.3 <29 -
N 3 3 6 5 6 4 5 5 5 3 3 5 L] 4 5

Notes: Values in ppm except where noted otherwise. Gmss = groundmass. Figures with + sign are the | SD uncertainties. N = number of discrete spol analyses.

Table 8. Proton-microprobe analyses of Lau-Tonga plagioclase.

Hole 834p 8348 8358 B36A B36A B39B 839 B398 5398 B3R 8358 B41B Fomualei 3269

Core, section 35R-1 5TR-1 4R-1 3H-CC 4H=-CC 3R-1 23R-1 29R-1 IsR-1 35R-1 38R-1 S0R-1

Interval (em) 58.60 126-128 134-141 0-7 0-13 06 0-6 134-136 S58-60 5B-60 B-12 5-9

Type Phen Phen Phen Phen Phen Mphen Mphen Phen Phen Phen Phen Phen Phen
Averaged  Averaged  Averaged  Averaged  Aweraged Core Rim Averaged  Core Rim Averag Averaged Averaged

Trace clements (ppm):

Mn <33 <47 <67 <99 <26 <73 <79 <39 <83 <85 36211 < 82410

Fe(%) 04740003  040:0.003 04620004 03420005  0.3920.002 0.71=0.005  0.65+0005 05820004 05620005 0560003 05320003 023001 0.7520.004

Ni <43 < <8 <14 <3 <10 <10 <5 <11 <11 <4 <3 <3

Cu 6.6=0.7 121212 =5 <8 4.9:0.5 7.9223 9.2+1.7 84=10 <8 <8 5207 <1 62407

In 4.6=0.5 9.709 23212 23.5:29 23204 74213 71213 5.2+0.7 62223 7.7:1.5 3.9:0.6 94206 17.520.6

Ga 15.320.6 141214 21.2+17 9.0+1.8 B.8+0.4 184£13 15.521.3 18.920.7 223221 17.5216  14.2:0.6 21.920.7 18.2+0.6

Ge <18 <3 <L7 <1.B <39 <40 <20 <4.3 <4.7 <22 <16 =

Rb <14 <24 49216 177227 <11 <30 <36 <L7 43217 5.8:1.8 <14 <11 5204

Se 237122 23623 54745 22025 149214 28326 250=7 35223 31025 28325 20322 2152 47524

Y <1.7 <18 <35 <19 1.620.5 <3.9 4.1 <21 <4.2 <4.9 <1.6 <13 1.620.5

b 1915 29:29 41241 - <13 <44 B.7249 1322 23252 18.5=5 <LB <14 27:1.1

Ba <55 <94 <103 356297 <39 <109 131252 95430 <156 <162 <55 1217 81£18

o 35213 88223 <f 2125 43211 <7 <74 B.5=2.1 <9 <10 34215 <2.5 <22

N 4 3 2 2 4 1 1 5 1 1 4 4 6

Notes: Values in ppm except where noted otherwise. Phen = phenocrysts, and Mphen = microphenocrysts. Figures with £ sign are the | SD uncertainties. N = number of

discrete spot analyses.




Table 9. Proton-microprobe analyses of Lau-Tonga pyroxene.
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Clinopyroxenes Orthopyroxenes

Hole 8348 5uB 8358 8398 B398 8398 B41B Fonualei Fonualei B398 8398 8398 8398
Core, section I5R-1 57R-1 4R=1 23R-1 23R-1 38R-1 SOR-1 32/69 %6y 29R=1 29R-1 IsR-1 38R-1
Interval (cm) 58-60 126-128 134-141 0-6 0-6 8-12 5-9 13-136 134-136 7-11 5-12
Pyroxene type  Mphen Phen Phen Mphen Gmss Phen Phen Phen Phen Mphen Gmss Phen Phen
Trace elements (ppm):
Cr 1010250 <320 1110=250 4442180 <469 <330 <616 - - <184 <656 <255 2762178
Mn 838251 649248 93358 59955 666265 775260 42302151 3910114 5220=79 2450=47 2360=107 2510=97 2290246
Fe(%) 4.28:0.02 432004 4.59:0.02 4.2:002 5.29:0.03 5.73:0.05 12.0=0.07 12.0:007 1952012 1132006 13.5+0.06 1142009 10.6=0.06
Ni 80217 918 131235 36230 9125 <84 <12 <12 <h Td4224 69242 16723 17123
Cu 3322 42=19 <44 3026 64,5233 9020 <b.5 <7 <3 24=1.2 B2=4 12.621.1 19213
in 28.521.2 5715 2213 41218 5519 61221 134238 134225 2726 10929 12124 108225 116=2
Ga 6.7:0.5 6708 35506 <37 4.2:10 125213 <4.1 50511 4.7:0.6 27205 <50 12406 2.7:0.6
Ge <17 <3 <22 <4 «f <7 4.1 42:08 1.8:0.4 <1.7 <37 14204 15204
Rb <12 <24 <18 <24 <25 43212 <27 <24 <17 <13 <3.2 <13 <13
St 6821 85221 93210 73223 100231 182229 54210 x] 2752211 35210 k1 15.420.9 2507

16.2+0.6 13.521.2 127210 1212 10.521.6 14211 12323 17.521.5 5.4=0.6 62:0.7 3712 45206 5.5+0.5
x 1821 <1 139216 <29 <1 <3 15.3221 23223 154210 <18 33222 11.521.2 54210
Ba <37 <76 <49 <67 <73 <BS <50 4330 48213 <32 <67 <0 <35
Ph <30 9.7:1.7 <47 <b <6.5 9.5.224 <7 <6.2 <38 <34 <19 6.5:2.2 <31
N 5 3 3 1 1 3 1 & 4 8 1 8 7

Notes: Values in ppm except where noted otherwise. Mphen = microphenocrysts, Phen = phenocrysts, and Gmss = groundmass. Figures with £ sign are the | SD uncertainties.

N = number of discrete spot analyses.

Table 10. Proton-microprobe analyses of Lau-Tonga olivine.

Hole 834B B34B B34B 8358 Bi6B B36A 8398 8398

Core, section I5R-1 IsR-1 5TR-1 4R-1 IH-CC 4H-CC 22R-1 23R-1

Interval {cm) 58-60 58-60 126-128 134-141 0-7 0-13 6-9 0-6

Type Phen Phen Phen Phen Phen Phen Phen Phen
Core Rim Averaged Averaged Averaged Averaged Averaged

Trace clements (ppm):

Mn 1280=109 1120267 1700143 1120283 945274 7932109 712254 B57=138

Fe(%) 10.5+0.05 11.7+0.05 1142007 114006 9,640,058 9.152003 7.66=003 7.11=0.03

Ni 109022 789221 615210 91511 1070218 1440214 239027 1850=18

Cu <18 <18 41226 <4.6 3243 <7.3 77211 64218

Zn 7322 T8z4 9122 80=1 N2=2 5723 5521 66:1.8

Ga <4.1 <2 <50 <15 <55 <37 <17 <22

Ge <34 <6 <23 <20 <26 «3.2 <1.7 <19

Rb 31213 <31 - <20 - 30213 20206 <16

Sr 36212 129216 422 <21 - <19 <13 1.8:0.7

i 4 3.1 <34 18.321.6 <22 <49 <3.0 <14 <18

F7 s 90234 4.9:2.5 - 13232 - 54220 6.0<1.1 7.2£15

Pb <7.2 <74 - 75220 - <6.9 34221 <39

N 1 1 4 4 3 1 5 k]

Notes: Values in ppm except where noted otherwise. Phen = phenocrysts, Figures with £ sign are the | SD uncertainties. N = number of discrete spot

analyses.
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Table 11. Proton-microprobe analyses of Lau-Tonga chromite magnetite.

Chromites Magnetites
Fonualei

Hole 8398 8398 839 B41B 3269
Core, section ZZR-1 23R-1 23IR-1 SOR-1
Interval (cm) 69 -6 5-9
Type Mphen Mphen Mphen ‘Mphen Mphen

Averaged Cores Rim Averaged
Trace elements (ppra):
Mn( %) 0.5820.14 0.57520.13 0.52+0.16 0.433:0.017 0.38+0.06
Fe(%) 13.00.03 12.920.02 15.5£0.04 58.90+0.51 62.320.51
i 138020 121020 1050223 <10 #:
Cu B.4z1.7 65226 <14.6 <10 =
n 31424 M2 5 37327 2330232 772423
Ga 22909 24.2=10 28222 6223 513272
Ge <28 <30 <66 <3 -
Rb <29 <26 <49 <15 =
Sr <29 <Lb <4.9 4324 73212
Y <29 <26 <49 108+5 =

<30 <27 <5.1 5523 30:4.7
Nh <35 <2.7 <54 <4 -
Pb <5.7 <b.2 <13 <8 -
Sn 2124 <11 308 30=4 26:7.8
Mo <4 <3 <h <7 -
As - 16.723.5
N 4 4 1 3 1

Notes: Values in ppm except where noted otherwise. Mphen = microphenocrysts. Figures with + sign are the | SD
uncertainties. N = number of discrete spot analyses.

Table 12. Electron microprobe analyses of glasses analyzed by proton microprobe.

Hole 834B 834B 835B 836A 836A 839B 8398 B398 8398 B39B 8398 841B
Core,section 35R-1 57R-1 4R-1 3H-CC 4H-CC 22R-1 22R-1 23R-1 35R-1 35R-1 38R-1 50R-1
Interval (cm) 58-60 126-128 134-141 0-6 0-13 6-9 69 0-6 7-11 7-11 8-12 59
Type Rind Rind Interstitial Gmss Gmss Rind Segregati Rind Interstitial ~ Segregation  Interstitial  Gmss*
Major elements (wt.%)

Si0y 5282 5207 52.69 50.46 49.87 53.18 54.48 5283 58.00 5592 5235 T7.44
TiO, 128 131 107 0.87 0.86 0.64 0.68 0.68 119 104 0.89 0.25
AlO5 15.61 15.66 1523 15.26 15.16 15.55 17.08 1521 14.14 14.18 13.79 1219
FeO* 852 8.79 9.52 835 854 8.25 9.21 831 10.80 11.94 11.79 210
MnO 0.14 0.16 0.16 017 0.15 0.18 0.16 0.16 0.18 0.16 0.15 0.07
MgO 6.12 6.43 6.37 8.26 817 6.89 4.62 6.94 283 3.95 7.10 0.25
CaO 10,75 11.26 1113 13.11 13.22 11.98 9.87 12.14 7.73 82 9.60 181
NayO 2.75 253 242 2.00 1.96 1.87 1.86 1.95 1.67 1.54 188 446
K.0 0.1 0.12 0.19 0.05 0.06 0.28 0.33 0.28 0.42 0.44 0.64 144
Total 98.10 98.33 98.78 98.53 97.99 98.82 98.29 98.50 96.96 9738 98.19 100.01

Motes: The asterisk (*) represents shipboard data, recalculated to 100% anhydrous. Gmss = groundmass,
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