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36. OXIDATION STATE AND SULFUR CONCENTRATIONS IN LAU BASIN BASALTS1

Kristen Nilsson Farley2

ABSTRACT

The backarc glasses recovered during Ocean Drilling Program Leg 135 are unique among submarine tholeiitic glasses with
respect to their oxygen fugacity and sulfur concentrations. Unlike mid-ocean-ridge basalt glasses,/O2 in these samples (inferred
from ratios Fe3+/Fe2+) is high and variable, and S variations (90-1140 ppm) are not coupled with FeO concentration. Strong
correlations occur between the alkali and alkaline-earth elements and both /O 2 (positive correlations) and S concentrations
(negative correlations). Correlations between/O2 and various trace elements are strongest for those elements with a known affinity
for hydrous fluids (perhaps produced during slab dehydration), suggesting the presence of a hydrous fluid with high/O2 and high
alkali and alkaline earth element concentrations in the Lau Basin mantle.

Concentrations of S and/O2 are strongly correlated; high/O2 samples are characterized by low S in addition to high alkali and
alkaline earth element concentrations. The negative correlations between S and these trace elements are not consistent with
incompatible behavior of S during crystallization. Mass balance considerations indicate that the S concentrations cannot result simply
from mixing between low-S and high-S sources. Furthermore, there is no relationship between S and other trace elements or isotope
ratios that might indicate that the S variations reflect mixing processes. The S variations more likely reflect the fact that when silicate
coexists with an S-rich vapor phase the solubility of S in the silicate melt is a function of/O2 and is at a minimum at the/O2 conditions
recorded by these glasses. The absence of Fe-sulfides and the high and variable vesicle contents are consistent with the idea that S
concentrations reflect silicate-vapor equilibria rather than silicate-sulfide equilibria (as in MORB). The low S contents of some
samples, therefore, reflect the high/O2 of the supra-subduction zone environment rather than a low-S source component.

INTRODUCTION

Numerous studies have demonstrated that backarc basin basalts
(BABB) span a compositional range between mid-ocean-ridge basalts
(MORB) and island arc volcanics (IAV) (e.g., Hawkins and Melchior,
1985; Perfit et al, 1987; Sinton and Fryer, 1987; Volpe et al., 1987,
1988; Fryer et al., 1990; Hawkins et al., 1990). The oxygen fugacity
(fθ2) of backarc magmas has never been systematically investigated,
although it has been suggested to be higher than that of MORB
(Hawkins and Melchior, 1985; Sinton and Fryer, 1987; Hochstaedter,
Gill, Kusakabe, et al., 1990). This would have several important
implications. The behavior of elements with multiple valence states
and the solubility of volatile species are strongly affected by/O2. For
example, variations in the Fe3+/Fe2+ ratio influence the extent and
timing of oxide fractionation and the composition of residual magmas.
Furthermore,/S2 and S solubility are intimately related to/O2 and thus
/O 2 exerts a strong control on the behavior of S.

This chapter presents /O 2 and S concentrations of BABB glass
recovered in the Lau Basin during Ocean Drilling Program (ODP)
Leg 135 (Fig. 1) so as to constrain the relationship between the two
parameters in a wide variety of BABB compositions. The Leg 135
backarc samples are an ideal sample set because a large number of
chemically distinct units with adequate amounts of fresh glass were
recovered (Parson, Hawkins, Allan, et al., 1992). Fresh glass is critical
for/O2 and S analyses because syn- and post-eruptive degassing and
alteration reactions can render even fresh crystalline material unsuit-
able (e.g., Sato, 1978; Mathez, 1984; Christie et al, 1986).

To address questions concerning the/O2 and S contents of the IAV
source properly, a comprehensive study of pristine, undegassed arc
glasses would be desirable. Because such material is extremely rare,
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BABB become a particularly valuable proxy. Numerous isotopic and
trace element studies have concluded that BABB magmas contain an
arc-like component (e.g., Hawkins and Melchior, 1985; Sinton and
Fryer, 1987; Volpe et al., 1987, 1988; Hawkins et al., 1990; Hergt and
Hawkesworth, this volume); however, unlike IAV, BABB are not ex-
tensively degassed and glassy material is abundant. In addition, BABB
are typically less fractionated than arc lavas; the more Mg-rich samples
are more likely to reflect the source signature than the effects of crys-
tallization. By studying BABB glasses, we can attempt to place some
constraints on the S and/O2 characteristics of the arc-like end-member
in BABB petrogenesis and perhaps on the IAV source as well.

The island arc volcanics, and some BABB, are enriched in certain
trace elements that are thought to be derived from a hydrous fluid (or
possibly melt) produced during dehydration of the downgoing slab
(e.g., Perfit et al., 1980; Gill, 1981; Hawkins and Melchior, 1985;
Hochstaedter, Gill, and Morris, 1990; McCullogh and Gamble, 1991;
Hawkesworth et al., 1991). One goal of this work is to compare the
/O 2 and S characteristics of the Leg 135 backarc samples to MORB
(about which we know a great deal) and IAV (about which we know
very little). Those samples that suggest significant deviations from
MORB-like compositions may reflect the incorporation of this hydrous
fluid in their/O2 and S signatures.

METHODS

Major element and S concentrations were determined by electron
microprobe on 73 glasses from the Leg 135 backarc sites. Many of
these glasses were also analyzed for trace elements and radiogenic
isotopes by Hergt and Hawkesworth (this volume). Major elements
were analyzed on the Cameca SX50 electron microprobe at the Uni-
versity of California, Davis (UCD). Natural and synthetic standards
were used, operating voltage was 15 kV, sample current was 10 nA,
counting time was 20 s per element, and beam diameter was 15 µm.
Each analysis represents an average of at least five spots from a sin-
gle glass fragment. Basalt glass JDFD2 was analyzed periodically
throughout the run. Table 1 compares the values obtained for basalt
glass JDFD2 with preferred values obtained by microprobe and wet
chemical methods (C. Langmuir and J. Bender, unpubl. data, 1992).
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Figure 1. Map of the Lau Basin showing Sites 834, 835, 836, and 839 and the major geologic features of the Tonga Trench and the Lau Basin
system. Islands shown include Zephyr Shoal (Z), Upolu (U), Tongatapu (T), 'Eua (E), Vava'u (V), 'Ata (A), and Niuafo'ou (NF). The Central
Lau (CLSC) and Eastern Lau (ELSC) spreading centers, Valu Fa Ridge (VF), and Mangatolu Triple Junction (MTJ) are also shown. Contour
interval in kilometers. Map from Parson, Hawkins, Allan, et al. (1992).



LAU BASIN BASALTS

Table 1. Compositions of basalt glass JDFD2 ob-

tained by microprobe at UCD and the preferred

values for this glass.

SiO 2

TiO 2

A1 2O 3

FeO*

MnO
MgO
CaO
N a 2 O

K2O
P 2 O 5

Total

UCD
average

50.33
1.84

13.80
12.12
0.21
6.77

10.69
2.87
0.21
0.21

99.05

Standard
deviation

0.31
0.06
0.17
0.13
0.04
0.12
0.17
0.07
0.03
0.03

Preferred
value

50.80
1.93

13.80
12.17
0.22
6.83

10.80
2.77
0.22
0.23

99.77

Notes: UCD average represents 12 analyses made throughout
the microprobe run. Preferred value is the preferred com-
position for this glass (C. Langmuir and J. Bender, un-
publ. data, 1992). In Table 2 Siθ2, Tiθ2, and Na2θ were
normalized (1%, 5%, and 3%, respectively) to correct for
the small systematic differences.

Only for SiO2, TiO2, and Na2O were small normalizations necessary
to correct for consistent differences.

Sulfur concentrations were measured on the Camebax microprobe
at the Lamont Doherty Earth Observatory (LDEO). Chalcopyrite was
used as a standard, spot size was 20 µm, operating current was 15 kV,
and sample current was 100 nA. Each analysis represents an average
of four spots measured simultaneously on two spectrometers for 40 s
(for a total of 320 s per glass). Replicate analyses at LDEO of basalt
glass JDFD2 for S yielded an average of 1400 ± 40 ppm, in excellent
agreement with the value of 1420 ± 40 ppm obtained by Wallace and
Carmichael (1992).

Ferrous iron was determined on glass fragments chipped from
pillow margins and hand-picked to avoid alteration products, coating
material, or phenocrysts. Fe2+ was determined using titration methods
similar to those described by Wilson (1960). All samples were run in
duplicate. Fe2O3 was determined by difference from FeO* as meas-
ured by microprobe. To facilitate comparison with the large data set
of Christie et al. (1986), four analyses of JDFD2 were made. The FeO
values obtained (11.01 to 11.10) agree well with the FeO content of
11.08 ± 0.09 reported by Christie et al. (1986).

Even dilute acid leaches of the glass fragments appear to produce
disparate and spurious Fe3+/Fe2+ data (K. Nilsson, unpubl. data, 1990).
Extreme care was used in picking the glass fragments to ensure that no
leaching was necessary. In all but one case, samples from a single
geochemical unit produced very similar/O2 results. Only in basaltic
glasses from Site 834 (Subunit 2a) were significant/O2 differences
observed; other geochemical characteristics also suggest that this unit
spans a large compositional range. In several cases, it was necessary
to combine glasses from the same compositional unit to obtain enough
clean material for the titrations. To determine if combining glasses from
a single unit might introduce unacceptable errors, three separate glasses
from Site 834 (Unit 10) and one bulk glass from this unit were analyzed.
The aggregate glass (FeO = 8.58) and the individual samples (FeO =
8.53 to 8.69) yielded similar results.

Oxygen fugacity was calculated from Fe3+/Fe2+ using the regres-
sion equation of Sack et al. (1980) and the coefficients of Kilinc et al.
(1983). Precision of/O2 calculated in this way has been estimated to
be 0.3 to 0.5 log units (Kilinc et al, 1983; Carmichael, 1991). To
circumvent its strong temperature dependence,/O2 is expressed rela-
tive to the curve of the nickel-nickel-oxide/O2 buffer (NNO; Huebner
and Sato, 1970). Thus, positive ΔNNO are relatively oxidizing con-
ditions whereas negative ΔNNO reflect more reducing conditions.
The FMQ (fayalite-magnetite-quartz) buffer lies at ΔNNO = -0.8
(Carmichael, 1991).

RESULTS

Samples

Sites 834, 835, 836, and 839 yielded fresh glass suitable for in-
clusion in this study (Fig. 1). Details concerning the geographic setting,
water depth, and sample depth can be found in the relevant site reports
in Parson, Hawkins, Allan, et al. (1992). Water depth at these sites
ranged from 2450 to 2905 m and the samples themselves were col-
lected from between 25 and 500 m below seafloor (mbsf). Units 1,
2, and 3 at Site 836 may not represent igneous basement (Parson,
Hawkins, Allan, et al., 1992) as these glasses occurred in volcanic
gravels (Units 1 and 2) and large sedimentary clasts (Unit 3) immedi-
ately overlying the igneous basement.

No simple relationship exists between geochemical signature and
either depth or geographic position among the samples (Parson, Hawkins,
Allan, et al., 1992; Hawkins and Allan, this volume; Hergt and Hawkes-
worth, this volume; Hergt and Nilsson, this volume). Major element
variations are discussed elsewhere (e.g., Ewart, this volume; Hawkins
and Allan, this volume; Hergt and Nilsson, this volume), and it will
only be noted that these glasses comprise a wide range of compositions
indicative of various degrees of fractionation (SiO2 = 49%-57%; Table
2). The glasses vary in major and trace element composition from
primitive basalts indistinguishable from MORB (Site 834, Unit 7) to
basalts and andesites with a strong resemblance to IAV lavas (Site 839,
all units).

Detailed petrographic descriptions are presented in the relevant site
reports (Parson, Hawkins, Allan, et al., 1992), but those characteristics
that pertain to this study will be briefly summarized. Oxide minerals
are common as skeletal grains interstitial to silicate minerals, but they
are extremely rare as phenocrysts. In ferroandesites from Site 834, Unit
12 (hereafter referred to as Unit 834-12), euhedral titanomagnetite
grains occur in the glassy rim, suggesting that this was a liquidus phase
at the time of eruption. Only in the two relatively coarse-grained
diabasic units (834-5 and 836-4) do relatively large crystals of ilmenite
and magnetite coexist. Although some lamellae reflecting oxyexsolu-
tion are present, their development is not extensive.

Only two basaltic units (834-7 and 834-6a) have Fe-sulfide blebs
coexisting with basaltic glass. Sulfides are, however, fairly common
in the crystalline interiors of most rock types, where they are often
observed adjacent to or (rarely) included in Plagioclase phenocrysts.
Sulfides are mostly pyrrhotite and chalcopyrite compositions (K.
Nilsson, unpubl. data, 1992), similar in composition to sulfide glob-
ules found in other seafloor lavas (Mathez and Yeats, 1976; Czaman-
ske and Moore, 1977; Mathez, 1980; Perfit and Fornari, 1983).

Oxygen Fugacity

The Fe^/ZFe ratio ranges from 0.103 to 0.286 in these glasses,
corresponding to a range in ΔNNO of-1.37 to +1.02 (Table 3). At a
given MgO content, these BABB glasses are 1 to 2 log units more
oxidized and the range in/O2 is greater than in MORB glasses (Fig.
2). The Fe3+/Fe2+ ratio of some of the Leg 135 samples infers condi-
tions more oxidized than the NNO buffer and is therefore higher than
has been measured in any other deep-sea glasses. Some of the samples
from Site 834 may suggest a parallel trend to MORB at approximately
1 log unit higher/O2. The scatter among the data set as a whole with
respect to MgO-/O2 variations indicates that the/O2 variations do not
reflect rock types or degree of fractionation but must largely reflect
variations in the/O2 of the source.

Sulfur

Sulfur concentrations range from 90 to 1140 ppm (Table 2) and
only the basaltic glasses from Units 834-7, 834-6a, 835-1, 836-3, and
836-4 have Fe-S relationships that place them near the empirically
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Table 2. Major element (in wt%) and sulfur concentrations (in ppm) in Leg 135 backarc glasses.

Core, section,
interval (cm)

135-834 A-
13X-1, 18-024
14X-1,25-31

135-834B-
14R-1,28-32
15R-1.0-8
15R-2, 35-37
15R-2, 96-104
18R-1.0-6
18R-1.7-13
19R-1, 5-10
22R-1, 41-46
26R-1, 107-109
30R-2, 98-104
31R-1, 98-104
31R-2, 37^2
31R-2,43^8
32R-1, 0-5
33R-l,0-6
34R-2, 60-63
35R-1, 15-23
35R-1, 31-37
35R-2, 67-69
35R-2, 70-72
35R-2, 77-83
36R-1, 0-7
36R-l,7-10
37R-2, 42-44
39R-1, 0-7
39R-l,7-10
39R-1,9-15
40R-1,45^7
41R-l,0-5
47R-1, 130-135
50R-1,87-92
51R-1, 10-15
53R-1,7-20
54R-1,0-5
54R-1, 5_io
57R-1,0-5
56R-2, 111-118
57R-1, 34-40
59R-2, 30-32
59R-2, 52-55

135-835B-
3R-1, 123-127
3R-2, 0-4
4R-1,67-73
4R-1,73-78
5R-1, 14-21
7R-3, 135-140

135-836A-
3H-3, 23-24
3H-3, 90-95
3H4, 53-110
3H-CC, 0-7
4H-CC0-13
7X-1, 15-22

135-836B-
3R-1,47-52
9M-1, 97-102

135-839B-
18R-l,0-6
19R-1, 15-19
19R-1, 38^1
19R-1,64-69
20R-1, 36-41
21R-1, 53-56
22R-1, 19-23
22R-1, 24-29
22R-1,30-36
23R-1,28-31
23R-1, 32-35
23R-1, 40-44
25R-1, 11-16
25R-1, 48-553
27R-1,29-33
42R-1,0-6

Unit or
subunit

2a
2a

6a
6b
6a
6a
6c
6c
6c
7
7
7
7
7
7
7
7

8
8
8
8
8
8

10a*
10a
10a
10a
10a
10a
12
12
12
12
12
12
12
13
13
13
13

1
1
1
1
1
1

1
1
2
3
3
4

4a
?

2
3
3
3
3
3
3
3
3
3
3
3
3
4
6
9

SiO2

50.62
51.57

52.34
50.79
52.20
52.16
51.55
51.83
51.76
50.12
49.97
50.09
50.23
49.62
50.12
49.44
50.32
52.49
52.66
52.36
52.23
52.35
52.36
52.40
52.32
55.57
51.97
53.04
52.33
52.37
53.21
55.54
56.06
56.15
55.08
55.59
55.10
54.80
51.26
51.20
51.34
51.02

51.86
51.86
52.55
52.36
51.91
52.29

55.69
55.60
57.99
49.95
50.03
49.97

50.08
53.13

55.60
53.26
52.87
52.98
53.29
52.84
53.05
53.11
53.11
53.58
52.96
52.76
52.71
53.20
53.33
55.38

TiO2

1.71
1.60

1.96
1.29
2.00
1.95
1.39
1.44
1.41
1.37
1.44
1.35
1.43
1.45
1.41
1.37
1.43
1.27
1.35
1.26
1.25
1.29
1.28
1.25
1.28
2.01
1.69
1.71
1.68
1.79
1.76
2.15
2.21
2.25
2.18
2.31
2.25
2.25
1.38
1.33
1.30
1.38

1.07
1.04
1.10
1.67
1.12
1.02

1.27
1.31
1.15
0.89
0.84
0.89

0.90
1.13

1.10
0.69
0.64
0.68
0.74
0.70
0.71
0.73
0.72
0.70
0.70
0.73
0.71
0.82
0.68
1.05

A12O3

16.24
16.01

15.71
16.38
15.64
15.59
16.55
16.73
16.74
16.53
16.53
16.53
16.46
16.35
16.42
16.64
16.44
16.36
16.28
16.29
16.41
16.31
16.31
16.50
16.38
15.36
15.32
15.23
15.31
15.28
15.31
14.70
14.54
14.55
14.52
14.75
14.69
14.62
16.16
16.11
16.07
16.18

15.43
15.52
15.47
15.31
15.61
15.70

15.15
14.82
14.74
15.81
16.00
15.60

15.91
14.93

14.54
16.15
16.96
16.35
15.98
15.90
16.03
15.76
15.72
15.86
15.62
16.08
15.52
15.47
16.33
14.41

FeO

9.90
10.20

10.42
9.19

10.21
10.36
8.70
8.65
8.68
8.87
8.95
9.01
8.87
8.94
8.82
9.10
8.71
9.24
8.85
8.88
8.99
8.94
8.89
8.76
8.92

10.56
11.33
11.38
11.49
11.47
11.55
12.75
12.56
12.79
12.84
12.92
12.97
12.87
9.56
9.44
9.52
9.45

10.18
10.22
10.25
11.48
10.04
10.15

11.61
12.40
11.34
9.29
9.24
9.00

9.22
11.55

11.48
8.61
8.30
8.79
8.57
9.17
9.11
8.90
8.79
8.94
8.73
8.93
8.94

10.08
8.59

11.73

MnO

0.16
0.18

0.18
0.17
0.16
0.18
0.13
0.12
0.18
0.17
0.16
0.18
0.16
0.16
0.17
0.16
0.17
0.16
0.15
0.15
0.19
0.13
0.18
0.12
0.16
0.16
0.18
0.19
0.21
0.19
0.21
0.25
0.27
0.28
0.25
0.24
0.25
0.25
0.17
0.16
0.16
0.15

0.16
0.14
0.18
0.25
0.19
0.17

0.20
0.13
0.24
0.21
0.19
0.19

0.17
0.28

0.18
0.19
0.07
0.19
0.18
0.15
0.22
0.18
0.20
0.14
0.14
0.14
0.19
0.19
0.17
0.21

MgO

6.27
5.78

5.59
6.72
5.61
5.50
6.86
6.90
6.58
8.32
8.26
8.08
8.28
8.28
8.21
8.23
8.22
6.16
6.43
6.30
6.42
6.45
6.45
6.44
6.37
4.09
5.02
4.92
4.94
4.74
4.67
3.38
3.24
3.34
3.69
3.65
3.62
3.60
6.59
6.62
6.33
6.49

6.53
6.41
6.51
4.97
6.51
6.43

4.14
3.85
3.26
8.38
8.30
7.94

8.54
5.78

4.37
6.76
6.40
6.62
6.73
6.78
6.74
6.80
7.00
6.96
6.90
6.72
6.94
6.31
6.83
4.23

CaO

11.12
10.57

9.99
11.66
9.94
9.94

10.91
10.77
10.85
11.76
11.92
11.91
12.03
12.00
11.91
11.83
11.75
10.96
10.88
10.93
11.10
11.13
11.01
10.99
11.16
7.72
9.56
9.45
9.48
9.32
9.22
7.29
7.35
7.32
7.68
7.43
7.49
7.47

11.44
11.32
11.14
11.32

11.17
11.25
11.26
9.51

11.23
11.26

8.48
8.39
7.69

13.72
13.59
13.66

13.85
10.17

8.86
11.86
12.43
11.96
11.83
12.06
12.11
12.18
12.40
12.02
12.50
12.10
12.32
11.18
11.95
9.05

Na2O

3.47
3.33

3.77
2.93
3.81
3.85
3.37
3.37
3.39
3.12
3.14
2.95
3.16
3.12
3.15
3.14
3.06
3.05
3.01
3.09
3.06
2.98
2.93
3.00
2.99
3.52
3.51
3.41
3.46
3.52
3.41
3.18
3.03
3.01
3.22
2.99
3.16
3.14
3.12
3.06
3.18
3.06

2.42
2.39
2.43
3.53
2.34
2.49

2.95
3.00
3.26
2.19
2.13
1.97

2.17
2.44

2.40
1.80
1.84
1.88
1.81
1.77
1.85
1.79
1.79
1.81
1.73
1.85
1.77
1.80
1.87
2.34

K2O

0.17
0.20

0.18
0.22
0.18
0.19
0.18
0.19
0.17
0.07
0.09
0.09
0.09
0.07
0.08
0.08
0.10
0.11
0.10
0.13
0.12
0.10
0.10
0.12
0.12
0.29
0.25
0.27
0.28
0.28
0.28
0.22
0.23
0.22
0.20
0.21
0.23
0.21
0.13
0.13
0.13
0.13

0.21
0.21
0.20
0.28
0.19
0.22

0.25
0.26
0.30
0.07
0.07
0.06

0.06
0.27

0.48
0.34
0.32
0.35
0.34
0.31
0.32
0.29
0.30
0.29
0.32
0.34
0.32
0.25
0.34
0.49

P 2 O 5

0.24
0.20

0.25
0.21
0.28
0.25
0.20
0.20
0.20
0.15
0.16
0.14
0.16
0.15
0.16
0.15
0.18
0.14
0.13
0.13
0.10
0.09
0.11
0.11
0.11
0.32
0.21
0.20
0.23
0.21
0.24
0.31
0.28
0.28
0.29
0.28
0.27
0.28
0.14
0.13
0.17
0.15

0.11
0.09
0.08
0.17
0.14
0.13

0.16
0.17
0.17
0.06
0.07
0.07

0.08
0.21

0.15
0.08
0.16
0.09
0.10
0.06
0.14
0.09
0.11
0.11
0.08
0.13
0.10
0.09
0.17
0.17

Total

99.90
99.64

100.39
99.56

100.03
99.97
99.84

100.20
99.96

100.49
100.62
100.34
100.87
100.14
100.44
100.16
100.39
99.94
99.84
99.52
99.86
99.77
99.63
99.70
99.80
99.61
99.04
99.80
99.40
99.16
99.86
99.77
99.77

100.19
99.95

100.37
100.03
99.50
99.94
99.49
99.35
99.34

99.14
99.12

100.02
99.52
99.28
99.87

99.90
99.92

100.13
100.56
100.47
99.35

100.98
99.90

99.15
99.73
99.99
99.89
99.56
99.74

100.28
99.84

100.13
100.42
99.68
99.79
99.52
99.39

100.27
99.03

S

1080
740

1140
540

1120
1140
800
830
800

1020
1020
1010
1010
1010
1010
1040
1000
620
650
580
640
680
680
660
640
420
590
580
570
570
580
740
760
780
690
770
800
780
780
780
750
740

1070
1080
1040
450

1090
1080

260
190
240

mo970
970

1020
467

170
110
90

100
90

110
100
100
110
110
110
110
130
210
110
260

Notes: Glass compositions generally correlate quite well with the units determined by shipboard studies (Parson, Hawkins, Allan, et al.,
1992). The only petrographic units showing significant within-unit heterogeneities were Unit 6 and Subunit 10a at Site 834. Unit
6 has been divided into Subunits 6a, 6b, and 6c and the single anomalous composition in Unit 834-10a is identified with an asterisk
(*). Note also that the lowermost sample from Unit 834-12 and the uppermost sample from Unit 834-13 were mislabeled during
shipboard sampling and these have been transposed.
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Table 3. Fe^/XF
Leg 135 glasses.

, MgO, FeO*, and S concentrations in

Site

834

836

839

Unit or
subunit

2a
2a
6a
6c
7
8

10a
10a
10a
10a
12
12

1

3
3

Core,
section

13X-1
14X-1
Avg
Avg
Avg
Avg
39R-1
40R-1
41R-1
Avg
57R-1
Avg
3H-3
4H-CC
19R-1
23R-1

FeO*

9.90
10.20
10.33
8.67
8.99
8.89

11.33
11.47
11.55
11.45
12.87
12.88
12.40
9.24
8.61
8.93

MgO

6.20
5.72
5.52
6.71
8.14
6.32
4.97
4.69
4.62
4.76
3.57
3.45
3.81
8.22
6.69
6.65

Fe 3 + lFe

0.112
0.223
0.139
0.154
0.103
0.171
0.286
0.278
0.281
0.282
0.182
0.177
0.277
0.131
0.231
0.260

ΔNNO

-1.29
0.43

-0.77
-0.41
-1.37
-0.12

1.02
0.96
1.07
1.04
0.01

-0.04
1.11

-0.75
0.76
1.04

S
(ppm)

1080
740

1140
810

1010
660
570
570
580
570
780
760
190
970
110

no

Notes: Samples with a specific core designation can be identified by
comparison with Table 2. When glass from several samples had to be
combined to provide enough material for titration, the result is
indicated as an average (Avg). When glasses from different samples
were combined, the results for S, FeO*, and MgO are given as
average compositions.

1 .J

1.0

0.5

0.0

-0.5

-1.0

1 ^

-

MORE\

\
-

1 1

1 1

A

A

— _

•

\

1 \ 1

• 834
G 836
A 839-

-

_

D

-

i

O

o

<

3 4 5 6 7 8 9

MgO (wt%)

Figure 2. ΔNNO vs. MgO in glass separates. Bold arrow labeled MORB is the

trend that MORB glasses appear to follow during fractionation (Juster et al.,

1989; Nilsson and Natland, 1991).

derived MORB sulfide-saturation line of Mathez (1980; Fig. 3).
Basaltic glasses from Units 834-6a and 834-7 are the only glasses
with petrographic evidence for immiscible sulfide melts in the mag-
mas. The glasses from Site 839 and Units 1 and 2 from Site 836 have
among the lowest S ever observed in deep-sea glasses and approach
the very low values suggested for IAV magmas.

DISCUSSION

Because BABB have geochemical affinities with both MORB and
IAV lavas, it is useful to consider our present understanding of/O2 and
S behavior in both of these rock types. Oxygen fugacity of relatively
primitive MORB (MgO > 7.5 wt%) is inferred from Fe3+/Fe2+ to be
approximately 2-3 log units below NNO (Christie et al., 1986). The
Fe3+/Fe2+ ratio of basaltic melts increases with silicate fractionation
until approximately 4.5 wt% MgO, at which point Fe-Ti oxide crystal-
lization commences and consumes Fe3+, and both Fe3+/Fe2+ and /O 2

decrease (Juster et al., 1989; Nilsson and Natland, 1991). Because
oxide precipitation appears to begin at/O 2 equal to that of the NNO
buffer in MORB compositions, it has been suggested that MORB
magmas are restricted to/O2 less than NNO (Juster et al., 1989).

The /O 2 of IAV lavas is poorly constrained in part reflecting the
paucity of undegassed arc glass. Experimental data and two-oxide
equilibrium studies suggest that/O2 in IAV lavas is two to five log units
higher than that of MORB (Fudali, 1965; Gill, 1981, and references
therein). It is unknown whether this relatively high/O2 reflects the IAV
source or processes associated with subaerial eruption.

Most of our understanding concerning S concentrations in oceanic
rocks results from studies of MORB, again reflecting the scarcity of
undegassed glass in other environments. Sulfur concentrations in
MORB glass are typically 800-1000 ppm and correlate positively with
Fe content (Mathez, 1976, 1980). Most MORB melts coexist with
immiscible sulfide liquids that occur as small blebs of Fe-sulfides in the
basaltic glass. Importantly, S concentration in basaltic melts is not an
independent parameter;/O2,/S2, Fe, and S content are linked (MacLean,
1969; Connolly and Haughton, 1972; Haughton et al., 1974).

All IAV lavas that have been analyzed to date contain less than 200
ppm S (Naldrett et al, 1978; Gill, 1981; Ueda and Sakai, 1984), how-
ever, these analyses were made on subaerial crystalline material that is
likely to have lost much of its S during eruptive degassing. A single
dredge in the Mariana Island Arc recovered glassy IAV material at 1170
m water depth (Garcia et al., 1979). These glasses also have low S
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Figure 3. S vs. Fe in the Leg 135 glasses. Also indicated is the MORB saturation
line of Mathez (1980).

(30-100 ppm), but their vesicle content is not described and their high
SiO2 (55%—61%) suggests that crystallization has been extensive. The
effects of vesiculation and fractionation on S concentration in IAV
lavas are unknown but are likely to be significant. Studies of melt
inclusions in phenocrysts suggest a tremendous range in S concentra-
tion from very low to nearly MORB-like (Anderson, 1974; Devine et
al., 1984). Given the unconvincing available data, it is ambiguous
whether the low S measured in IAV lavas is a signature of the source
or simply reflects processes associated with their petrogenesis.

Many of the BABB glasses in this study are significantly different
from MORB with respect to both/O2 and S; these differences must
reflect differences in their sources, their petrogenetic environments,
or both. As S concentration is intimately related to/O2, the causes of
the high and variable/O2 of these lavas will first be explored.

Oxygen Fugacity

Several authors have attempted to constrain fluxes of the alkali
and alkaline earth elements from the descending slab so as to quantify
the "subducted component" in IAV lavas (Tatsumi et al., 1986;

607



K.N. FARLEY

McCullogh and Gamble, 1991; Hawkesworth et al., 1991). Quantifi-
cation of these models is extremely difficult because the composition
of the downgoing plate is variable and poorly constrained, the mantle
wedge is variably depleted, and the effects of a volatile fluid on
melting and crystallization processes in the mantle wedge are only
poorly known. Nonetheless, most authors agree that an alkali-rich,
hydrous fluid is driven off of the descending slab and plays a role in
arc and backarc petrogenesis (e.g., Perfit et al., 1980; Gill, 1981;
Hawkins and Melchior, 1985; Sinton and Fryer, 1987; Hochstaedter,
Gill, and Morris, 1990; McCullogh and Gamble, 1991; Hawkesworth
et al., 1991). Although the oxidizing capability of such a fluid is
unconstrained, it is likely to have the capacity to increase the/O2 of
the depleted mantle. This is supported by the work Mattioli et al.
(1980) who showed that lherzolite nodules with mineralogic and
geochemical evidence of metasomatism by a hydrous fluid have
higher/O2 than unmetasomatized nodules.

If the high-/O2 Lau Basin glasses reflect the incorporation of a
hydrous fluid, there should be a relationship between/O2 and those
trace elements present in such a fluid. Various trace element concen-
trations and isotope ratios (data from Hergt and Hawkesworth, this
volume) were plotted as a function of/O2 and least squares linear
regressions were computed (examples in Fig. 4). If high/O2 reflects
the incorporation of a hydrous fluid, the correlations should be strong-
est for those elements with an affinity for such fluids.

Correlation coefficients (r2) range from 0 to 0.85 and are listed in
order of decreasing degree of correlation in Table 4. The correlation
data have been subdivided into three categories: strong correlations
(r2 > 0.6), possible correlations (0.6 > r2 > 0.35), and no correlations
(r2 < 0.35). As the r values incorporate the relative errors associated
with analyses of the various elements and the magnitude of the total
variation in concentration, small differences between r2 values are not
as significant as the general order that is observed. The important
point is that for some elements,/O2 correlates well with concentration,
whereas for other elements, no correlation is observed. In particular,
concentrations of the large ion lithophile elements (LILE: e.g., Rb,
Cs, Ba, and K) exhibit strong positive correlations with/O2 (Fig. 4A).

One should note that these calculations have not been corrected in
any way for the effects of fractionation. This is not an ideal solution
because other studies have concluded that some of these lavas repre-
sent moderately fractionated compositions (Parson, Hawkins, Allan,
et al., 1992; Hergt and Nilsson, this volume; Ewart et al., this volume).
Unfortunately, the effects of crystallization processes, on Fe^/XFe
cannot be accurately predicted (Fig. 3; Juster et al., 1989). Further-
more, the variability in some trace element concentrations reflects
variations beyond the effects of fractionation. Therefore, it is neces-
sary to assume that the variability in both Fe^/LFe and some trace
element concentrations is dominantly a source signature and the
secondary effects of fractional crystallization have been relatively
minor. This assumption is supported by the observation that the most
mafic samples (MgO > 6 wt%), those that are least likely to have been
affected by fractionation processes span nearly the entire range in/O2

space (circled points in Fig. 4).

When the elements and isotope ratios are listed by decreasing r2

values as determined above (Table 4), the order of the elements is
remarkably similar to estimates of trace element affinity for a fluid
phase as determined by Tatsumi et al. (1986) and McCullogh and
Gamble (1991). In an experimental study evaluating trace element
mobility during dehydration of serpentinite, Tatsumi et al. (1986)
concluded that trace element affinity for such a fluid follows the order
Rb > Ba > K > Sr > La > Y. Based on patterns observed on MORB-
normalized trace element diagrams, McCullogh and Gamble (1991)
suggested that trace element affinity for a slab-derived hydrous fluid
follows the order Rb > Ba > Pb > K > U > Th > Sr > La > Ce > Nb >
Y. Those elements that correlate well with/O2 (particularly Rb, Ba,
and K) are suggested to be the most fluid-mobile elements by both
models. The relatively poor r2 values for Pb, Th, and Sr are rather sur-
prising because these elements have been suggested to be relatively

Table 4. Various trace elements and isotopic ratios
and the correlation coefficient (r ) between the con-
centration of that element or the ratio and/02

Element/ratio

Strong correlations:

Rb
Ba
Cs
K2O
87Sr/86Sr

Possible correlations:
U
207 p b /204 p b

W
Th
Pb

No correlations:
Ta
Nb
208 p b / 204 p b

Zr
Ce
206pb /204p b

La
Hf
1 4 3Nd/1 4 4Nd
Sr
Y

Ba/La
Ce/Pb

S

r2

0.85
0.82
0.74
0.65
0.65

0.58
0.48
0.47
0.45
0.37

0.21
0.15
0.15
0.07
0.06
0.05
0.03
0.03
0.02
0.00
0.00

0.74
0.52

0.80

Notes: Trace element and isotope data are from Hergt and

Hawkesworth (this volume). Note that the correlations of

fθ2 with S and Ce/Pb are in the opposite sense as the other

well-correlated elements.

mobile in a fluid phase (McCullogh and Gamble, 1991; Hawkesworth
et al., 1991). The absence of a correlation between/O2 and Sr, despite
the good correlation between/O2 and 87Sr/86Sr, may reflect the second-
ary effects of Plagioclase crystallization. According to one model
(McCullogh and Gamble, 1991), Pb is a highly mobile element, yet
only a poor correlation with/O2 is observed (r2 = 0.37). Such discrep-
ancies may reflect the model-dependent nature of fluid mobility stud-
ies or differences in subduction/dehydration regimes in individual
subduction zones.

Because the effects of fractionation cannot be accounted for in the
r2 calculations, it is desirable to observe correlations in elemental and
isotopic ratios. Various trace element ratios, such as high Ba/La and
low Ce/Pb, are characteristic of IAV lavas and are thought to reflect
the incorporation of an alkali-rich (high Ba and Pb, low La and Ce)
fluid in IAV petrogenesis. As these elements are highly incompatible
during melting and crystallization processes, these ratios should re-
main relatively constant and reflect their source even as their concen-
trations change. Good correlations with/O2 for both Ba/La (positive;
Fig. 4B) and Ce/Pb (negative) support the suggestion that the ele-
mental correlations described above are not simply a fortuitous con-
sequence of fractionation processes. Interestingly, the correlation of
Ce/Pb with/O2 is stronger than that of either Ce or Pb alone.

Correlations with /O 2 also provide insight into the behavior of
radiogenic isotope ratios. The 87Sr/86Sr ratio correlates relatively well
with/O2 (r2 = 0.65; Fig. 4C), whereas no correlation is observed for
the Nd isotopes (r2 < 0.1); this is consistent with the suggestion that
Sr is carried by a fluid phase whereas Nd is not. Although there is
good coherency among the Pb isotope ratios themselves (Hergt and
Hawkesworth, this volume), the 207Pb/204Pb ratio shows a possible
correlation with /O2, whereas no correlation is observed for the
208pb/204pb o r 206pb/204pb r a t i o s pe rhaps the "subducted component"
has a stronger effect on 207Pb/204Pb than the other isotopes of Pb in
the Lau Basin mantle.

Although the suggestion of an oxidized, hydrous, LILE-rich fluid
derived from a descending slab is not new, this is the first relationship
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0.7024
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ΔNNO (log units)

834 π 836 839

Figure 4. Rb concentration (A), Ba/La (B), and 87Sr/86Sr (C) vs./O2 (ΔNNO)
in Leg 135 glasses. Dashed lines are linear regressions through the data with
correlation coefficients as indicated. Circled points indicate those glasses with
MgO > 6 wt%. Note that these relatively high MgO glasses occur through-
out and thus the correlations cannot result simply from the effects of frac-
tional crystallization.

between/O2 and the elements likely to be carried by such a fluid that
has been observed in basaltic glass. If the order of r values is indica-
tive of the composition of such a hydrous fluid in the Lau-Tonga sys-
tem, then this component is characterized by high/O2, Rb, Ba, Cs, K,
and 87Sr/86Sr, and by possible enrichments in U, Th, W, Pb, and
207Pb/204Pb. Those elements that show no correlation with/O2 (r2 <
0.35) are probably not introduced by this fluid phase; their variability
must reflect heterogeneities in the mantle and/or fractionation effects.

Sulfur

In this section, the low and variable S concentrations of these lavas
will be explored. In particular, (1) As these melts are below sulfide
saturation, does S behave as an incompatible element? (2) Does
mixing occur between high-S and low-S source components? and (3)
Is the solubility of S decreased as a result of the elevated/O2? Does
this lead to increased S-loss during submarine degassing?

/. Sulfur as an Incompatible Element

Most of the glasses do not coexist with a sulfide phase and therefore
the melts from which they formed are likely to have been undersatu-
rated with respect to sulfide melts. If S is exhausted during partial
melting of the mantle source (e.g., Hamlyn et al., 1985; Hamlyn and
Keays, 1986; Natland et al., 1991), then the resulting magmas will be
below saturation. As long as sulfide-saturation is not reached during
fractional crystallization and S does not enter into any other crystal-
lizing phases, S should behave as an incompatible element (i.e., its
concentration in the melt should increase in proportion with other in-
compatible elements). Using MgO as a measure of fractionation, there
is clearly no consistent increase in S concentration with decreasing
MgO (Fig. 5). In fact, some of the least fractionated glasses have among
the highest S concentrations (e.g., Units 834-7, 836-3, and 836-4) and
vice versa (e.g., Units 834-10a, 836-1, 836-2, 839-1, and 839-9).

Furthermore, S concentrations are not correlated with those of
most incompatible elements. In particular, there is no correlation
between S and either the rare earth elements (REE) or the high
field-strength elements (HFSE; e.g., Nb, Ta, Zr, and Y). There is,
however, a strong negative correlation between S content and the
LILEs (e.g., Rb; Fig. 6A). Although a negative relationship between
two elements cannot indicate that they are both behaving incompat-
ibly during crystallization, it does suggest that the concentration vari-
ations are linked.

2. Mixing

Trace element and isotopic studies indicate that these lavas repre-
sent mixing between at least three compositional end-members: two
asthenospheric components and at least one "arc-like" component
(Hergt and Hawkesworth, this volume). It is therefore appealing to
try to constrain the wide range of S contents by mixing of low-S
(arc-like) and high-S (MORB-like) sources. Excellent negative cor-
relations are observed between S and LILE concentrations (e.g., Rb;
Fig. 6A) and many ratios involving these elements (e.g., Ba/La; Fig.
6B). However, the particularly striking relationships are of the sort
S/LILE vs. 1/LILE (Figs. 6C and 6D). A straight line on such a
diagram is consistent with, although not conclusive evidence for,
binary mixing between high-S/low-LILE and low-S/high-LILE com-
ponents. The implied end-members from these diagrams are remark-
ably similar to what have been suggested for MORB (-1000 ppm S,
-0.05 wt% K2O, -0.03 ppm Rb, and -4 ppm Ba) and IAV (-50 ppm
S, -0.35 wt% K2O, -7 ppm Rb, and -75 ppm Ba). Thus, it is possible
that the wide range of both S and LILE concentrations represent
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Figure 5. S vs. MgO for Leg 135 glasses. Note that S does not increase with
decreasing MgO as would be expected if S behaves as an incompatible element.

609



K.N. FARLEY

7

6

? 5

CL 4
Q.

X)
QI 2

1

0

A'

a

~ A

-

-

I

A

I

•

1

1 1

-

A

a

200 400 600 800 1000 1200

Sulfur (ppm)

0.0005 0.0010 0.0015 0.0020

1/K

30

25

α 2 0

\ 15 -
σ

m 10

5

0

I A

i

i

•

i

i

«

t

i

i

•f

i

i

α

200 400 600 800 1000 1200

Sulfur (ppm)

0.05 0.10 0.15 0.20 0.25

1/Bα

834 o 835 Ü 836 839

Figure 6. Various relationships between S and LILEs illustrating the general result that high LILE concentration is
coupled with low S and vice versa. A. S vs. Rb. B. S vs. Ba/La. C. S/K vs. I/K. D. S/Ba vs. 1/Ba.

mixing between depleted asthenosphere and a hydrous fluid intro-
duced during subduction and dehydration of the slab.

To test this mixing hypothesis it is necessary to explore the mass
balance constraints concerning the S and LILE budgets of the hypo-
thetical components. It is generally agreed that in regions of IAV and
BABB petrogenesis, the dominant mixing component is the depleted
asthenosphere and that the subducted component acts as an LILE-rich
contaminant. In the case of the LILEs, it is easy to envision how the
addition of a very small amount of trace element enriched fluid can
mix with a large amount of trace element depleted mantle and have a
tremendous effect on the resulting composition. However, with re-
spect to S, we must explain the opposite relationship; the arc compo-
nent is apparently very low in S, yet it must mix with a large amount
of a high-S component and generate low-S melts. To satisfy mass
balance constraints, negative S concentrations are required in the
subducted component.

Another argument against the mixing hypothesis involves the
relationships between S and other classes of trace elements which
have distinctive abundances in MORB and IAV lavas. To explain the
very low S content of boninites, Hamlyn et al. (1985) and Hamlyn
and Keays (1986) argued that low S is a characteristic of second stage
melts in which the bulk of the S inventory was removed during a
previous partial melting event. This argument is often invoked to
explain the low HFSE concentrations in IAV and BABB lavas (e.g.,
Gill, 1981; Hawkins et al., 1984; Hawkins and Melchior, 1985;
McCullogh and Gamble, 1991). If previous depletion events control
both S and HFSE, the relationship between S and HFSE should be at
least as strong as that between S and those elements introduced during
later enrichment events. The lack of any correlation between S and
the HFSE, coupled with the excellent negative correlations between
S and the LILEs, strongly suggest that S concentration is more closely
related to those processes that are responsible for the enrichment of
LILEs than for the depletion of HFSE. Although the excellent S-LILE

relationship could theoretically be consistent with binary mixing, both
the low S concentrations and the excellent S-LILE relationship must
have another origin.

3. Low Sulfur Solubility and Sulfur Loss During Degassing

The relationship between/O2 and S solubility will be reviewed so
that the significance of any relationship between S and/O2 for these
samples can be determined. Katsura and Nagashima (1974) con-
cluded that the solubility of S (with respect to silicate-vapor equilib-
ria) in magmas of various compositions is strongly dependent on/O2

and reaches a minimum at/O2 of approximately NNO (their fig. 3).
Furthermore, at/O2 lower than NNO, S is dissolved in the melt as S2"
and behaves as observed in MORB. At/O2 greater than NNO, much
of the S dissolves as SO4" (Sakai et al., 1982; Carroll and Rutherford,
1988; Nilsson and Peach, 1993) and the effects on basaltic magma
are essentially unexplored.

The term "solubility" in the petrologic literature refers to the S con-
tent of the silicate melt in equilibrium with another S-rich phase (sulfide
liquid, anhydrite, or a vapor phase). The Lau Basin magmas are, for
the most part, undersaturated with respect to a sulfide liquid, as evi-
denced by the near absence of sulfide globules and the lack of a rela-
tionship between S and Fe. In addition, there is no evidence that these
magmas were saturated with anhydrite, which might result in a rela-
tionship between S and Ca (Carroll and Rutherford, 1985,1987). If the
Lau Basin magmas were controlled by silicate-vapor systematics, the
experimental results of Katsura and Nagashima (1974) are applicable
as these experiments were saturated only with an S-bearing vapor phase.

Significantly, a strong negative correlation (r2 = 0.80) is present
between S concentration and oxidation state in the Lau Basin glasses
(Fig. 7), suggesting that the two parameters are intimately related. S
concentration decreases steadily with increasing /O 2 until approxi-
mately NNO + 1. These oxidized lavas are likely to be recording the

610



LAU BASIN BASALTS

minimum in S solubility, which occurs at approximately NNO (Kat-
sura and Nagashima, 1974). In addition to the decreased solubility of
S in these oxidized melts, any degree of submarine degassing could
further decrease the magmatic S concentrations.

Previous studies of volatile behavior during submarine degassing
have concluded that at water depths greater than 200-500 m degas-
sing is dominated by CO2; H2O and S are not lost in appreciable
quantities at these pressures (e.g., Moore and Fabbi, 1971; Moore and
Schilling, 1973; Dixon et al, 1991). However, the degassing behavior
of various volatile species from oxidized, volatile-rich lavas such as
those recovered on Leg 135 is essentially unknown. Insufficient data
are available on other volatile constituents in these lavas to make more
than intuitive inferences regarding degassing, but the high vesicle
contents (approaching 50 vol% in some glasses; Parson, Hawkins,
Allan, et al., 1992) suggest that degassing processes might be quite
different in these backarc lavas than in MORB. Arelationship between
S concentration and extent of degassing is supported by a crude
negative relationship between vesicles and average S concentration
for a given geochemical unit (Fig. 8). Using vesicle contents of nearby
whole rocks as a proxy for degree of degassing is somewhat risky.
Low vesicle contents can indicate both undegassed or highly degassed
magmas and vesicle content varies by as much as 20 vol% within
some of the geochemical units (Parson, Hawkins, Allan, et al., 1992).
The relatively low vesicle contents of the Site 839 lavas (given their
extremely low S) may suggest that they have already undergone
extensive degassing. More data on the behavior of other volatiles in
these lavas are crucial before quantitative conclusions concerning
degassing of these melts can be made.

In conclusion, the low S concentrations of the "arc-like" samples
(particularly those from Site 839) probably reflect the effects of a
petrogenetic process rather than a source characteristic. If LILEs are
introduced into the Lau Basin mantle by a hydrous fluid, the intro-
duction of this fluid into the mantle may also increase the/O2. High
/O 2 lowers the solubility of S, which could promote S loss during
magmatic degassing. Thus, the low S concentrations in many of these
glasses reflect the higher/O2 of the supra-subduction zone environ-
ment and not a low-S source.

Comparison to Other Backarc Glasses

Although a small amount of S data for various other BABB exists
in the literature, they are not coupled with /O 2 data and therefore
cannot be compared directly to the results of this study. Despite the
uncertainties introduced by combining S data generated by various
analytical methods (e.g., Dixon et al, 1991), the available data from
various backarc basins have been combined to ascertain whether the
low and variable S concentrations observed in the Leg 135 glasses
are anomalous (Fig. 9). Although S concentrations from no single data
set suggest any correlation with Fe, the combined data indicate that
most BABB magmas show a reasonable correlation between S and
Fe. Interestingly, the backarc samples always fall at lower S for a
given Fe content than do MORB glasses. This relationship is as would
be expected if additional Fe3+ acts simply as a dilutant with respect to
the Fe-S relationship of Mathez (1976, 1980). Simple calculations
suggest that the trend observed in Figure 9 is the trend that is predicted
given a Fe^/XFe of approximately 0.2 (Nilsson, 1993). Although
careful n θ 2 studies of BABB glasses are rare, this Fe^/XFe is
approximately what has been observed and suggested (Hawkins and
Melchior, 1985; Hochstaedter, Gill, Kusakabe, et al., 1990; Nilsson,
1993). No explanation can be given for the very low S concentrations
from some of these localities, as the/O2 and degree of degassing at
most sites were not determined. It is possible that the low S in other
backarc basins may be caused by low S solubility as a result of high
/O 2 and that loss of S species from arc and backarc lavas during
degassing may be a widespread phenomenon (even at considerable
water depths).
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Figure 8. Average S concentration vs. range in vesicle content for each unit.
Vesicle content (vol%) is the range determined by point counts of nearby
samples (Parson, Hawkins, Allan et al., 1992). Lines connect points at the
extremes of vesicle contents for each unit and single points indicate that only
one sample was counted from that unit. Fields enclose points from the same
site. Symbols as in previous figures.

CONCLUSIONS

The Leg 135 backarc glasses are characterized by relatively high
and variable Fe3+/Fe2+ (and therefore /O2). A strong correlation be-
tween/02 and the LILEs (and 87Sr/86Sr) suggests that a high/O2-high
LILE component may be involved in the petrogenesis of these mag-
mas. When the elements and ratios are ranked in order of decreasing
degree of correlation with /O2, the order is remarkably similar to
suggested trace element fluid mobility generated by "slab flux" models
(e.g., Tatsumi et al., 1986; McCullogh and Gamble, 1991; Hawkes-
worth et al., 1991). The high-/O2, high-LILE component is therefore
suggested to be a hydrous fluid produced during slab dehydration.

Sulfur concentration in the Leg 135 glasses is low and variable
and is not coupled with FeO* as it is in MORB glasses. S does correlate
negatively with both /O 2 and the LILEs. The correlation is in the
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Figure 9. S vs. Fe for other backarc basin data. MORB saturation line from
Mathez (1980). Data sources are as follows: Scotia Sea = Muenow et al. (1980);
Lau Basin = Davis et al. (1991); North Fiji Basin = Aggrey et al. (1988); Sumisu
Rift = S from Hochstaedter, Gill, Kusakabe, et al. (1990) and FeO* from
Hochstaedter, Gill, and Morris, (1990); Mariana Trough = S from Kusakabe
et al. (1990) and FeO* from J. Hawkins (unpubl. data, 1988).

wrong sense to record incompatible behavior and does not extend to
other trace elements and isotope ratios as it should if mixing were
involved. S solubility is strongly dependent on /O 2 and the low S
concentrations reflect the high/O2 of these glasses.

The low-/O2 glasses (i.e., Unit 834-7) suggest very little influence
of an alkali-rich, high-/O2, hydrous fluid; their major and trace element
characteristics are much like MORB, S concentrations are high, and
they are saturated with a sulfide melt. Conversely, the high-/O2 glasses
(i.e., those from Site 839) record the significant influence of such
a hydrous fluid. The LILEs are enriched, /O 2 is relatively high, S
solubility is low and much of the S has been lost during degassing.

We must await more detailed studies of other BABB with coupled
S and /O 2 data before determining if such a process is of global
significance in backarc basins and island arcs.
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