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In this Supplement, we provide four sections intended to amplify and/or expand 

on specific topics raised in the main text.  The first section is an assessment of the data 

underlying Roeder and Emslie (1970) as given in an unpublished table made available by 

the senior author.  We assess general quality and consider possible sources for the 

discrepancy in    values between the canonical 0.30 obtained by Roeder and 

Emslie (1970) and the ~0.34 preferred in this study.  Section 2 provides a detailed 

description of the projection technique used in the main text to reduce compositional 

dependences of    on melt and olivine composition for literature data.  In Section 

3, we evaluate the sources of discrepancies between predictions of the Ford et al. (1983) 

and Toplis (2005) models for    and our experimental data.  Finally, Section 4 is 

a listing of all of the references for data incorporated into our database of olivine-liquid 

pairs from the literature.    
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1. An Assessment of the Experimental Data of Roeder and Emslie (1970)  

1.1. Introduction 

Roeder and Emslie (1970) is an enormously influential paper, marking one of the 

great advances in igneous petrology.  By experimentally determining the partitioning of 

magnesium and iron between olivine and liquid and using an exchange equilibrium 

involving the two cations, Mg and Fe+2, they showed that the temperature and 

composition dependences of single-element partitioning between phases largely canceled.  

Thus, given nothing but the composition of an olivine, it became possible to directly 

calculate the Mg/Fe+2 ratio of the coexisting liquid.  By focusing on olivine, Roeder and 

Emslie (1970) established that even the most common, compositionally simple minerals 

had a lot to say about their environment of formation.   

Although the work of Roeder and Emslie (1970) has provided an intellectual 

motivation for hundreds of subsequent papers, the vast majority of the experimental data 

remained unpublished and has, to our knowledge, never been compared quantitatively 

with later work.  At the time the paper was published, the editorial policies at 
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Contributions to Mineralogy and Petrology were not conducive to printing large data 

tables and electronic supplements did not exist.  Moreover, all of the data used in Roeder 

and Emslie (1970) were made freely available by the senior author upon request and, 

indeed, we obtained a copy of the data table (hereafter referred to as REUPDT), nearly 

forty years after publication.   

Our in-depth examination of the data of Roeder and Emslie (1970) was motivated 

by two of our reviewers who asked us to reconcile the discrepancy between our data and 

those in the recent literature suggesting that  for Hawaiian basaltic liquids is 

~0.34 with the canonical value of 0.30 obtained by Roeder and Emslie (1970).    
= 0.30 is still commonly used for generic petrologic calculations and a 0.04 difference in 

the selected    can have a large effect on the results, so it is important to see if the 

source of this discrepancy can be inferred.  Moreover, because Roeder and Emslie 

measured FeO and Fe2O3 by wet chemistry (albeit on their bulk experimental charges), 

this discrepancy does not simply reflect a difference in Fe+3/Fe+2 algorithm.  In section 

1.2, we begin our analysis of Roeder and Emslie (1970) by reproducing their calculations.  

These results establish a quantitative basis for determining the effect of different 

approaches to analyzing the data on .  We also confirm that a facial 

interpretation of their data using the procedures outlined in Roeder and Emslie (1970) 

does in fact lead to  ~ 0.30.  In sections 1.3 through 1.5, we apply our mass 

balance approach and other tools to evaluate the REUPDT data and discuss the 

implications of our results for the canonical value of  and the connectivity 

between results of our study and those of Roeder and Emslie (1970).  
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1.2. KD,Fe+2-Mg as determined by Roeder and Emslie (1970)  

As a first step towards analyzing the data of Roeder and Emslie (1970), we sought 

to reproduce their calculation of  as summarized in their Fig. 4.  This 

computation requires four pieces of information, the concentrations of MgO and FeO in 

the olivine and the concentrations of MgO and FeO in liquid.  Roeder and Emslie (1970) 

used electron microprobe analyses for both oxides in olivine (only forsterite and fayalite 

contents are given in REUPDT but these are readily converted to oxides).  For the liquid, 

Roeder and Emslie (1970) determined MgO and FeO* (i.e., total Fe as FeO) from 
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electron microprobe analyses of the glass but there are no direct analyses of FeO and, 

although wet chemical measurements were made of FeO (and Fe2O3), these were done on 

bulk splits, not on glass separates.  Thus, prior to calculating a value for   , FeO 

for the whole sample had to be disaggregated into FeO residing in olivine and FeO in the 

liquid.  Roeder and Emslie (1970) approached this problem through mass balance using 

MgO in olivine and glass, assuming that only these two phases contributed to bulk MgO.  

From the relative weights of the two phases, they then partitioned the known bulk FeO 

between liquid and olivine, also assumed to be present only in these two phases, and 

computed   .  Roeder and Emslie (1970) used the results of 27 experiments for 

this purpose (22 on a Kilauea olivine basalt, sample 654; three on a Hualalai ankaramite, 

sample C71; and two on a Hualalai alkali olivine basalt, sample C218).  Results for 

olivine-liquid experiments conducted in air are also given in REUPDT but    for 

these experiments were ignored due to the extreme sensitivity of calculated values on 

phase composition.  
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Figure A1 shows the results of our MgO-based olivine and liquid mass balance 

calculations to produce, in combination with electron microprobe data, the molar 

FeO/MgO ratios in the experimental olivines and glasses.  We use the same symbol set as 

Roeder and Emslie (1970) and a comparison of Fig. A1 with their Fig. 4 shows very good 

agreement in the distribution of points.  The very subtle differences between the two 

figures likely reflect round-off errors and the different modes of plot generation.  Our 

unweighted least-squares fit through the origin yields a slope (equal to   ) of 

0.305 ± 0.005, in complete agreement with the value of 0.30 reported by Roeder and 

Emslie (1970).  Considering the 27 individual  values, the overall range is from 

0.26 to 0.36, almost all of which (0.27–0.36) is encompassed by the 22 olivine basalt 

experiments (composition 654).  The mean and standard deviation for the entire data set 

is 0.31 ± 0.03 (the median value is also 0.31).   

D,Fe+2 -MgK

 D,Fe+2 -MgK

The individual    values based on MgO mass balance are not simply a 

random distribution of values with a large standard deviation as there is structure in the 

data associated with bulk composition, phase assemblage, and container material.  In Fig. 

A2a,    is plotted in the form of a histogram and disaggregated according to the 

bulk composition.  Experiments on the alkali olivine basalt (C218) and ankaramite bulk 
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compositions (C71) generally yield  values at the lower end of the distribution, 

except that    for 7-2-C71 is among the highest of the study.  Similarly, 

values for olivine ± trace spinel experiments are skewed to high values relative 

to the mean of all of the data (means of 0.33 vs. 0.30).  We can't appeal to fractionation to 

dramatically alter liquid compositions from one experiment to the next because the 

calculated melt fractions are all greater than 0.87.  Moreover, the bulk compositions are 

all similar, the range in SiO2 and Na2O+K2O values being 47.9–49.4 and 2.6–3.3 wt % 

when each bulk composition is normalized to 100 wt %.  Given the relatively small 

differences in glass compositions among the Roeder and Emslie (1970) experiments and 

literature data for basaltic melts, the large spread in  from 0.26–0.36 is 

surprising.  
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An additional type of systematic behavior can be seen when the    values 

are parsed by the experimental container material.  For the most reducing conditions, 

Roeder and Emslie (1970) generally used alumina crucibles with the other experiments 

being conducted in either Ag55Pd45 or Ag60Pd40 alloy capsules.  Figure A2b shows a 

histogram of    separated according to container material.   values 

obtained from the alumina crucible experiments form a coherent group ranging from 

0.327–0.344 (0.337±0.008, mean and 1σ), whereas the Ag-Pd capsule runs display far 

greater variations (0.260–0.362; 0.303±0.026) that are not correlated with temperature or 

redox conditions.  We conclude that we can reproduce Roeder and Emslie's (1970) 

calculations as they described them, but that the large scatter in the data, particularly 

among the Ag-Pd experiments, gives cause for concern.  In the following two sections, 

we provide an independent critical assessment of the internal consistency of their data. 
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1.3. Some basic acceptance criteria for Roeder and Emslie's experiments 

Before discussing the results of our mass balance calculations, we present some 

basic acceptance criteria as an initial quality check for the 27 experiments used by Roeder 

and Emslie (1970) to define   .  REUPDT gives full probe analyses of glass, 

excluding Cr2O3, but provides only wt % fayalite and forsterite for the olivine (2 digits), 

so that some of the usual tests of data quality for a crystalline phase, such as oxide totals 

or stoichiometry constraints, can’t be used directly.  We can, however, take advantage of 
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the low concentrations of elements other than Mg, Fe, and Si in olivine from basalts (e.g., 

Simkin and Smith, 1970; Sobolev et al., 2007, and data therein).  We accepted sums for 

olivine analyses between 97-103 but rejected run 8-2-C218 (wt % forsterite plus fayalite 

= 95) as requiring an implausible minor element contribution to bring the sum up to at 

least 97%.  This run is excluded from any further consideration.  Liquid compositions in 

terms of oxides also provide constraints on acceptable data.  Oxide totals for probe 

analyses in REUPDT used to compute  range from 98.0 to 100.8 (computed 

with all Fe as FeO) and we accepted this range as being viable.  The concentration of 

SiO2 in glass from 7-8-654 is, however, anomalously high relative to other glass 

compositions from runs on the 654 bulk composition (Fig. A3) and we therefore rejected 

this experiment.  A second experiment, 7-5-654, also has unusually high SiO2 relative to 

other experiments whose glass compositions are shown in Fig. A3 but we retain it for the 

time being.   

 D,Fe+2 -MgK

The REUPDT notes that two experiments, 7-1-654 and 9-1-654, contain 

clinopyroxene but there are no accompanying analyses.  Clinopyroxene crystallization in 

basaltic magmas is often associated with major shifts in melt composition (e.g., Seaman 

et al., 2004) and we would be forced to reject these experiments if significant amounts of 

clinopyroxene were present because we would be unable to perform an accurate mass 

balance calculation.  We therefore conducted a simple check for the onset of 

clinopyroxene crystallization by plotting CaO concentrations in the melt as a function of 

MgO, a variable sensitive to olivine fractionation (Fig. A4).  Note that the open symbols 

(clinopyroxene present) in Fig. A4 are indistinguishable from values expected from a 

simple linear extension of the line calculated for the clinopyroxene-absent experiments.  

Had significant crystallization of clinopyroxene occurred, the open symbols would have 

plotted well below the line.  We conclude that clinopyroxene crystallization can be 

neglected for these two experiments and have, therefore, included them in our subsequent 

analysis. 

 

1.4. Mass balance calculations on Roeder and Emslie's (1970) data 

Roeder and Emslie (1970) used MgO to mass balance olivine and glass so that 

they could determine   .  The major advantage to this approach is that it is not D,Fe+2 -MgK

 5



computationally intensive, an important consideration in the 1960s.  However, using only 

MgO also carries a major penalty because it neglects constraints on mass balance 

available through other elements.  In this section, we consider the results of all phase 

(excluding clinopyroxene)-all oxide mass balance calculations as applied to REUPDT.  

We excluded two of Roeder and Emslie’s 27 diagnostic experiments for reasons 

described above and performed mass balance calculations on the remaining 25, using the 

phase assemblage and compositions for each experiment as reported in REUPDT.  As 

with our experiments, the mass balance calculations are based on a non-linear system of 

equations presented by Albarède and Provost (1977), which incorporates uncertainties on 

the bulk and phase compositions.  Since most of Roeder and Emslie’s experiments 

contained phases that weren’t analyzed and some of the uncertainties are not given, we 

describe in the notes to Table A3 how we estimated required data not explicitly reported 

by Roeder and Emslie.  For those experiments containing clinopyroxene, we assumed 

that the modal abundance was very small and could be neglected. 

Modes, χ2 values, sum of squared residuals, FeO and Fe2O3 in the melt, and 

 obtained from the full mass balance calculations for Roeder and Emslie's 

experiments are given in Table A3.  Twenty-four of the 25 mass balance calculations 

yield χ2 values between 0.2 and 8.4.  All of these mass balance solutions are acceptable at 

the 95% confidence interval, i.e., the calculated Q value for the degrees of freedom 

associated with each mass balance calculation was ≥ 0.05, a consequence of the relatively 

large errors cited by Roeder and Emslie (1970).  The χ2 value for the mass balance fit of 

run 10-1-654 is, however, 29.6, yielding a Q of 0.00005 and we therefore rejected it from 

further consideration.  

  D,Fe+2 -MgK

Calculated liquid abundances in the 24 provisionally accepted experiments range 

from 81.5 to 98.4 wt % with most or all of the balance being olivine.  One experiment, 7-

5-654, has anomalously low olivine (Fig. A5a) and high spinel (Fig. A5b) in the 

calculated mode relative to expectations based on the other 7-X-654 experiments (those 

conducted on the 654 bulk composition with log ƒO2 ~ –7 and at variable temperatures).  

It also has high SiO2 relative to other 654 experiments (Fig. A3) and the second highest 

discrepancy we observed between FeO* of the bulk composition as measured by electron 

microprobe of the completely fused starting material and FeO* for the bulk run product 
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obtained by wet chemistry (Table A3).  It seems likely that a significant problem exists 

with this experiment and we therefore rejected it.  Of the 27 experiments used by Roeder 

and Emslie (1970) to evaluate   , we have thus far rejected four (8-2-C218 for 

low olivine sum, 7-8-654 for anomalously high SiO2 in the glass, 7-5-654 for an 

inconsistent calculated mode, and 10-1-654 because of a poor fit in the mass balance 

calculation).  For accepted experiments, the calculated olivine mode (Table A3) is 

between 1.4 and 12.2 wt %; when present, the spinel mode lies between 0.2 and 0.8 wt % 

and plagioclase abundances are < 6 wt %.  As noted above, the clinopyroxene mode is 

assumed to be zero, even when present according to REUPDT. 

D,Fe+2 -MgK

In Fig. A6a, we compare calculated  values from our complete mass 

balance fits to those based solely on MgO, as used by Roeder and Emslie (1970).  For 

individual experiments,    for the two calculation schemes differ by as much as 

0.04 and MgO-based    > 0.32 all convert to lower values in the full oxide mass 

balance calculations (but note that others are increased).  Differences in    that 

are apparent in Fig. A6a are mostly a consequence of our using FeO* in the liquid as a 

mass balance constraint.  For most experiments, the ratio of calculated    values 

is a linear function of ΔFeO* (liq), which we define as the percentage difference between 

(FeO + 0.89981×Fe2O3) in the liquid determined by mass balance and FeO* for the glass 

obtained using the electron microprobe (Fig. A6b; note that the liquid FeO and Fe2O3 

contents determined by mass balance largely reflect the olivine FeO value and the wet 

chemistry bulk FeO and Fe2O3 values).  In general, ΔFeO* (liq) > 0 leads to higher 

 values than expected from MgO-based mass balance and ΔFeO* (liq) < 0 leads 

to lower values.  Overall, the all oxide-all phase mass balance yields a smaller standard 

deviation suggesting that some of the scatter in Roeder and Emslie’s (1970) data is an 

artifact of their mass balance technique.  The averages are nevertheless similar 

(0.312±0.027 for MgO-based mass balance versus 0.305±0.020) and systematic 

behaviors noted above in discussing Fig. A2 remain intact or are strengthened.  For 

example, experiments conducted in Al2O3 crucibles yield a fairly tight cluster of 

 values (0.321±0.007) at the higher end of the distribution of all   s 

whereas the Ag-Pd results are more scattered and generally lower (0.301±0.020).  

Similarly, data for the C71 and C218 bulk compositions are mostly at the low end of 

 D,Fe+2 -MgK
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calculated    values.  Note that  for 7-2-C71, which is at the high end of 

 values when using MgO-based mass balance (0.343) becomes 0.301 and, 

mostly as a consequence of this, the average of the four C71 plus C218 experiments for 

an all-oxide all-phase mass balance calculation is lower, 0.28 instead of 0.30. 

D,Fe+2 -MgK  D,Fe+2 -MgK

  D,Fe+2 -MgK

Figure A7 shows olivine-liquid  values calculated using all oxides and 

reported phases in REUPDT as a function of bulk ∆FeO*.  There is no correlation 

between bulk ∆FeO* and    but we can distinguish three clusters of data, seven 

Ag-Pd experiments with bulk ∆FeO* < –3, two of which have bulk ∆FeO* < –5, a central 

region of five Al2O3 and eight Ag-Pd experiments with –3 < bulk ∆FeO* < +3, and four 

Ag-Pd experiments with bulk ∆FeO* > +3, three of which are > +5.  Splits analyzed by 

wet chemistry are both Fe-enriched and Fe-depleted relative to the true bulk composition, 

consistent with wet chemistry splits being both crystal-enriched and crystal-depleted 

relative to the bulk composition.  Variable amounts of Ag-Pd contamination in the 

analyzed splits may also play a role.  We show below that there are questions concerning 

the quality of most of the data with very high or very low bulk ∆FeO* in Fig. A7. 
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The primary purpose of the mass balance calculations is to determine the FeO 

content of the melt so that    can be computed but it can also find use in testing 

for internal consistency.  In the remainder of this section, we focus on the mass-balance 

generated Fe+3/Fe+2 of the experimental glasses, because this allows us to more easily 

consider Roeder and Emslie's (1970) data in light of a large body of work on Fe+3/Fe+2 

values in melts as a function of temperature and ƒO2.   

D,Fe+2 -MgK

For equilibrium between ferric and ferrous iron in a melt, the free energy of 

reaction for FeO + 0.25 O2 = FeO3/2 can be expressed in the form  
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where   , which is a function of temperature but not composition, is the standard state 

free energy of reaction and Xi and γi are the mole fraction and activity coefficient of i.  If 

the last term on the right is independent of oxygen fugacity, then a plot of 

→G
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ln X FeO3 / 2

X FeO( ) at constant temperature against lnƒO2 will yield a slope of 0.25.  In 

practice, γFeO3 / 2
γFeO  is generally a function of composition and, therefore of ƒO2, and 

thus the slope deviates from the ideal value of 0.25.  Figure A8a shows an example for a 

basaltic liquid at 1200°C taken from data of Hill and Roeder (1974).  An unweighted 

regression yields a slope of 0.20 and this is typical of results for basaltic liquids reported 

in the literature, which yield slopes of 0.19 to 0.23 (Fudali, 1965; Shibata, 1967; Hill and 

Roeder, 1974; Kress and Carmichael, 1988).  Note that the slope in Fig. A8a is well 

defined and that all of the points are within ~2σ of the line.  Note also that experiments in 

different container materials (alumina, Ag-Pd, and Pt) are all consistent with each other.  

We show below that consistency among the results of experiments produced in different 

container materials is an important issue for the data of Roeder and Emslie.   

Figure A8b is a histogram compiling slopes for plots of lnƒO2 versus 

  
ln X FeO3 / 2

X FeO( ) from literature experimental data and models for calculating 

Fe3+/Fe2+(see caption to Fig. A8 for references).  We restrict attention to melts for which 

the experimental range in lnƒO2 exceeded 4.6 (i.e., 2 log units) because the scatter in 

best-fit slopes rose sharply when smaller ranges were considered.  For simple systems, 

slopes ranged between 0.13 and 0.37 and for magmatic liquids, it was 0.19–0.23.  We 

take the observed range for magmatic liquids, 0.19–0.23, to contain the expected value 

for Roeder and Emslie's liquids; values outside this range are problematic and any slope 

outside the range 0.13–0.37 can certainly be regarded as indicating a very serious 

problem.  We use these criteria below to analyze the REUPDT for self-consistency. 

Although run temperatures for the 23 provisionally accepted experiments in 

REUPDT range from 1152–1256, most of the data can be clustered into one of four 

groups, ~1153°C, ~1180°C, ~1200°C, and ~1225°C.  There are four experiments 

conducted at higher temperatures (>1235°C), but the ƒO2s are virtually identical, so we 

can't conduct an isothermal slope test for them.  Figure A9 is a set of approximately 

isothermal plots of lnƒO2 versus ln(Fe+3/Fe+2) in order of ascending temperature.  Figure 

A9a shows runs conducted in the vicinity of 1153°C.  These are all experiments 

conducted in Ag-Pd capsules on bulk composition 654.  An unweighted regression 

through the three points yields a slope of 0.32, which is well outside the expected range 
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for a basaltic liquid (0.19–0.23).  It is not possible to construct a line with a viable slope 

using any pair of experiments involving the most ferric glass (7-1-654); the other two 

experiments, 8-1-654 and 9-1-654, do form a line with a viable slope (0.20), although the 

range in lnƒO2 is small (2.2 ln units).  We conclude that 7-1-654 was compromised 

although the precise nature of the problem(s) is unclear.  We tentatively accept 8-1-654 

and 9-1-654.  Fig. A9b shows a somewhat different case.  Here, three Ag-Pd experiments 

generate a slope of 0.23, within the expected range, albeit via a very small range in lnƒO2 

(2.5 ln units).  The calculated slope for all four data points, one an Al2O3 experiment and 

three conducted in Ag-Pd capsules, is, however, 0.176 < 0.19, suggesting that either the 

Al2O3 datum is in error or that the alumina and Ag-Pd experiments are inconsistent with 

each other (e.g., if both sets are correct, then the Al2O3 and Ag-Pd data are on different 

lines).  Since we can't distinguish between these possibilities based solely on this plot, we 

accept all of the data in Fig. A9b for the purposes of this test.  Figure A9c shows a clearer 

inconsistency between the alumina and Ag-Pd experiments.  The three Al2O3 experiments 

yield a slope of 0.19, within the expected range and, therefore, acceptable.  A very 

different result is obtained for the five Ag-Pd experiments.  Here the slope is 0.41, an 

implausibly high value.  Deleting 6-1-654, the most ferric point, which is anomalous in 

Fig. A6b, does not lead to a viable line for the remaining Ag-Pd data (slope of 0.247).  It 

is possible to draw a line sub parallel to the alumina data that goes through these lower 

four Ag-Pd data but this would imply that the alumina and Ag-Pd liquids have 

significantly different bulk compositions and that alumina addition to melts in the 

alumina experiments was very important in determining the Fe+3/Fe+2 ratio (i.e., the bulk 

compositions are sufficiently different so that the data lie on different lines).  This 

appears unlikely because the amount of alumina contamination in the alumina crucible 

experiments varies from experiment to experiment and yet all three points are consistent 

with the same line.  Moreover, Fe+3/Fe+2 models in the literature (e.g., Jayasuriya et al., 

2004) show that Al is a modest driver of this ratio and we would therefore not expect the 

alumina and Ag-Pd experiments to produce significantly different lines.  In addition, Hill 

and Roeder’s (1974) data shown in Fig.  A8a, which reflects experiments conducted in 

both alumina and Ag-Pd containers, are consistent with being on the same line.  We 

conclude that some, if not all, of the ~1200°C Ag-Pd experiments reported in REUPDT 
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are in error and, since we can’t distinguish reliably which, if any, might be valid, we 

reject all of them.  For data obtained in the vicinity of 1225°C (Fig. A9d), the slope of 

0.27 for the Ag-Pd data is higher than expectations for a basaltic melt (0.19–0.23) but, 

given the small range in lnƒO2 (2.3 ln units), we didn't enforce the slope consistency 

criterion for them.  The alumina crucible experiment and the Ag-Pd data are consistent 

with a line whose slope is 0.18 (i.e., < 0.19).  A higher slope could be obtained if the least 

ferric of the Ag-Pd experiments (7-6-654) were to be deleted or shifted in lnƒO2 but this 

would again be an arbitrary exercise and therefore, in the absence of additional data, we 

simply accepted all of the ~1225°C data.  We conclude, based on Fig. A9, that the Al2O3 

data can't be simultaneously consistent with all of the Ag-Pd data and that, even if one 

ignores the Al2O3 data, many of the Ag-Pd data are demonstrably inconsistent with 

expectations based on literature determinations of Fe+3/Fe+2 at constant temperature.  

Where there is sufficient range in lnƒO2 to confidently determine the slope for Ag-Pd 

runs in an isothermal lnƒO2 vs. ln(Fe+3/Fe+2) plot (Figs. A9a and A9c), the data fail the 

slope test.  Overall, we accepted twelve Ag-Pd experiments in the aftermath of the 

isothermal lnƒO2 vs. ln(Fe+3/Fe+2) slope test (two runs in Fig. A9a, three runs each shown 

in Figs. A9b and A9d and untested runs 7-2-C71 (1237°C), 7-10-654 (1238°C), 7-11-654 

(1251°C) and 7-4-C71 (1266°C)) but it is important to note that this collection largely 

reflects insufficient data to apply the slope test for a given temperature and not a 

successful passage through it.     

Figure A10, shows data for three ~1200°C alumina crucible experiments from 

REUPDT (Fig. 9c) together with the result for an additional basalt experiment, also run in 

an alumina crucible, reported by Hill and Roeder (1974).  The slope based on all four 

experiments is 0.22, which is within the expected range.  This result suggests that the 

alumina data of Roeder and Emslie (1970) are consistent with the alumina data of Hill 

and Roeder (1974).  Since the alumina, Ag-Pd and Pt experiments of Hill and Roeder 

(1974) also yield a consistent Fe+3/Fe+2 (Fig. A8a), this implies that the alumina crucible 

experiments of Roeder and Emslie (1970) are also consistent with the Ag-Pd experiments 

of Hill and Roeder (1974) and, therefore, the inconsistency of Roeder and Emslie’s 

alumina and Ag-Pd data is not inherent to their use of these different container materials.   
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Our analysis through Fig. A9 was restricted to nearly isothermal sets of data but it 

is also possible to construct a test based on the temperature dependence of Fe+3/Fe+2.  A 

wide variety of studies have demonstrated that ln(Fe3+/Fe2+) in an otherwise constant 

composition liquid is a linear function of inverse temperature but we are aware of only 

one determination for a magmatic liquid, a basalt studied by Kennedy (1948).  Figure 

A11 is a histogram of the temperature dependence for Kennedy's basalt, a variety of 

simple systems, and models for magmatic liquids (see caption to Fig. A11 for references).  

Coefficients of 104/T(K) range from 0.7 to 2.5 but the range 0.7–1.4 captures Kennedy's 

basalt (1.04), all of the models for magmatic liquids (0.85–1.27), and all but three of the 

simple system determinations.  We take the range of 0.7–1.4 as including the coefficient 

of 104/T(K) for all plausible basaltic liquids including those studied by Roeder and 

Emslie (1970).  

A temperature dependence test can provide a constraint independent of the 

isothermal slope test because it can be used to test data from temperatures for which data 

are too sparse or too close in lnƒO2 to allow a testable isothermal slope to be determined.  

To correct Fe+3/Fe+2 to some reference temperature Tref(K), we use the equation 

ln(Fe+3/Fe+2) at Tref = ln(Fe+3/Fe+2) at Texp + C×(104)×(1/Tref – 1/Texp), where Texp refers 

to the run temperature and C is an empirical constant whose value is in the range 0.7–1.4 

for Roeder and Emslie's liquids.  The temperature test is essentially a special form of the 

isothermal slope test and it will be most sensitive when the difference between the 

experimental and reference temperature is maximized.   

We selected a reference temperature of 1155°C for our variable temperature test 

because the highest temperature experiments were not tested using the isothermal slope 

test and because ~1155°C is the lowest temperature for which we conducted an 

isothermal test.  In Fig. A12, we adjusted the Fe+3/Fe+2 of the five alumina and twelve 

Ag-Pd experiments that provisionally passed all of the previously described tests to a 

reference temperature of 1155°C.  Each point was weighted by the inverse of its variance 

in ln(Fe+3/Fe+2) and the value of C, the coefficient of 104/T(K) was allowed to float 

within the range 0.7–1.4 so that squared deviations of all points from the best-fit line 

were minimized.  The resulting value of C is 0.94 and this is consistent to first order with 

the value of 1.04 obtained by Kennedy (1948) for a basalt.  The temperature corrections 
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are relatively small, <0.36 ln units but noticeable, especially for the highest temperature 

data.  If the data are all consistent with each other, we expect them to lie along a single 

line with a slope within the range 0.19–0.23 and since the best-fit line has a slope of 

0.186, we regard this as a plausible result.  Only two points (6-2-654 and, especially, 7-4-

C71) lie much more than 2σ off the line and are, therefore, potential candidates for 

rejection and only one of these (7-4-C71) is outside the 95% confidence interval for 

placement of the line.  However, we tentatively accept both.   

As a final test, we again consider  as a function of bulk ΔFeO* (last 

shown in Fig. A7), but now plot only the data that passed all of our previous tests (Fig. 

A13).  Upon comparing Figs. A7 and A13, it is immediately apparent that the Ag-Pd 

experiments at bulk ΔFeO* > +3 observed in Fig. A7 have disappeared, except for 7-1-

C218 (bulk ΔFeO* = +6.7), and that, although there are still several experiments with 

bulk ΔFeO* < –3, only one of these, 7-4-C71 (bulk ΔFeO* = –8.5), is below –5.  We note 

that 7-4-C71 is also anomalous in Fig. A12.  Given the natural gaps between the central 

cluster at –5 < bulk ΔFeO* < +3 and the two anomalous points and the fact that all of the 

other data with similarly large deviations in bulk ΔFeO* from zero can be shown to be 

compromised, we reject both 7-4-C71 and 7-1-C218. 

 D,Fe+2 -MgK

 

1.5. Discussion 

Overall, 15 of 27 experiments used by Roeder and Emslie (1970) pass all of our 

quality filters giving us an accepted collection of experiments to interrogate for    

values and, finally, to address the issue of what Roeder and Emslie’s data imply for 

.  For the alumina crucible experiments, we obtain  of 0.321±0.007.  

For accepted Ag-Pd experiments, we find  of 0.306±0.011 and, for the entire 

data set, we obtain    of 0.311±0.012.  Note that our analysis of Roeder and 

Emslie’s data has reduced the scatter for the entire data set relative to that of the original 

(   = 0.312±0.027) but the means are virtually identical.  It is also noteworthy 

that, although our inferred means for Roeder and Emslie’s data are low relative to the 

0.345±0.009 we obtained for our data and the 0.340±0.012 for literature data on broadly 

tholeiitic compositions, all of these estimates overlap at 2σ.   

D,Fe+2 -MgK

  D,Fe+2 -MgK  D,Fe+2 -MgK

 D,Fe+2 -MgK

D,Fe+2 -MgK

D,Fe+2 -MgK
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At first glance, it would seem that we have expended considerable effort to end up 

in essentially the same place as Roeder and Emslie (1970).  The canonical value for 

 is 0.30 (cf. Fig. A1) and the average for their individual experiments is 0.31.  

Our average for all accepted experiments from REUPDT is 0.31 (0.32 if the alumina 

experiments are preferred), which is lower than the ~0.34 we obtained and we are, 

therefore, left with a gap of 0.02–0.03 in .  In Fig. A14, we show a sensitivity 

diagram for a typical run with 8.2 wt % FeO in the melt and  = 0.30.  The wet 

chemical determination of FeO in a bulk run product can significantly affect    

and if a FeO determination was 10% high, this could explain a  difference of 

0.03.  However, bulk ΔFeO* deviations of accepted data (–5 to +3 %; Fig. A13) limit 

possible systematic errors in bulk FeO such that this source is unlikely to shift    

by no more than a few hundredths.  Systematic microprobe errors can also significantly 

affect   , and it is important to remember that a microprobe in the late 60s was a 

very different instrument than we have today.  A clear indication of this can be seen in 

the fact that Roeder and Emslie used working curves to obtain quantitative compositional 

information and it is possible that this led to systematic errors.  If, for example, their 

fayalite numbers were low relative to forsterite by just 1 on average, their inferred 

 would be low by ~0.02 (Fig. A14); we note that the olivine totals (Fa + Fo) in 

REUPDT are generally low.  Similarly, if MgO concentrations in the liquid from 

REUPDT are low by 2σ, this would shift  up by ~0.03.  Roeder and Emslie 

(1970) note that their errors are probably overstated, so that the nominal 2σ MgO effect 

shown in Fig. A14 may well refer to more than 2σ, but the point remains that systematic 

errors in glass composition can account for substantial differences in .  

  D,Fe+2 -MgK

 D,Fe+2 -MgK

 D,Fe+2 -MgK

D,Fe+2 -MgK

 D,Fe+2 -MgK

D,Fe+2 -MgK

D,Fe+2 -MgK

  D,Fe+2 -MgK

 D,Fe+2 -MgK

 D,Fe+2 -MgK

Finally, it is worth considering what the average  value would be using 

the individual MgO-based   s and our collection of “accepted” experiments, i.e., 

what might Roeder and Emslie have reported as the average olivine-liquid    
given this set of experiments.  The average  value (both alumina and Ag-Pd 

experiments) using MgO-based mass balance calculations on olivine and liquid would 

have been 0.315±0.021, higher than the canonical 0.30 and within error of the 0.34 we 

inferred in this work.  As was the case with the full data set, the alumina experiments 

 D,Fe+2 -MgK

D,Fe+2 -MgK

D,Fe+2 -MgK

 D,Fe+2 -MgK
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yield   s that define a tight cluster (mean = 0.336±0.008, 1σ), whereas the 

remaining Ag-Pd experiments vary from a high of 0.34 to a low of 0.28, with a mean of 

0.305±0.017 (virtually identical to the canonical value). Note that accepting the alumina 

data yields an average olivine-liquid  that is essentially identical to the one 

obtained in our work. 

D,Fe+2 -MgK

 D,Fe+2 -MgK

 

1.6. Concluding thoughts 

Finally, it is important to put our analysis of Roeder and Emslie’s data in its 

proper place.  The essence of Roeder and Emslie (1970) is not to be found in any specific 

value of   .  Nor is it in the efficacy of any particular experiment or collection of 

experiments.  It is in the realization that an experimental study of crystal-liquid 

partitioning in a complex system can yield quantitative insights into the origin and 

evolution of natural magmatic liquids.  It is in the realization that modern analytical 

techniques are tools that can provide great insight into igneous processes, especially if 

supported quantitatively through experimentation.  It is in the motivation provided to 

many hundreds of later researchers, some of whom took the basic concepts of Roeder and 

Emslie and transformed them into new but related ways of looking at geological 

problems.  These are the true legacies of Roeder and Emslie and there is nothing here that 

can or should affect them. 

D,Fe+2 -MgK

 

2. Projection of Olivine-Liquid Exchange Coefficients 

In this section, we expand on the brief summary given in the main text of the 

projection scheme we used to reduce the dependence of olivine-liquid  on the 

phase compositions.  
 D,Fe+2 -MgK

We begin by computing molar CMAS components of the liquid as defined by the 

projection scheme used in BVSP (1981, chapter 3.3): 

C = (CaO – P2O5/3 + K2O + Na2O)                               (A1a) 

 

M = (MgO + FeO + MnO)                                            (A1b) 

 

A = (Al2O3 + Cr2O3 + Fe2O3 + Na2O)                         (A1c) 
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S = SiO2 – 2×Na2O – 4×K2O),                                  (A1d) 

 

where the oxides are on a molar basis (e.g., mole % or mole fractions).  The value of “S” 

as used here and in the main article is then defined as 

 

“S” = S/(C + M + A + S).                                            (A1e) 

 

Figure A15a shows values of  vs. “S” for our nine QFM experiments 

(Table 3) and a collection of 446 experimentally determined olivine-liquid pairs obtained 

at QFM±0.25 taken from the literature (see section 4 for references to the data used).  

Values of FeO/Fe2O3 in the liquids for this figure were calculated using eqn 12 of 

Jarasuriya et al. (2004), one of the several available Fe2+/Fe3+ algorithms discussed in the 

main text.  The solid black curve is an unweighted least-squares fit to the equation: 

 D,Fe+2 -MgK

  

  D,Fe+2 -MgK = a + b×exp(c×“S”),                                         (A2)      

  

for all of the data, where a (0.4523), b (–0.5372), and c (–3.2001) are the least-squares fit 

parameters.  To obtain the projection of an experimentally determined value of    

to a value of  “S” = 0.5, we project along a curve parallel to the global fit, i.e., 

D,Fe+2 -MgK

 

[  ]0.5 =    – [a + bD,Fe+2 -MgK D,Fe+2 -MgK ×exp(c×“S”)] + [a + b×exp(c×0.5)]      (A3) 

 

where “S” in the equation above is the value of “S” associated with the particular 

 value being projected.  Two sample projection paths are shown schematically 

as red curves in Fig. A15a for experimentally determined points with “S” = 0.3994 (i.e., 

experimental “S” <0.5) and the other with an experimental “S” = 0.5508 (i.e., 

experimental “S” >0.5; both points are plotted as larger open circles).   

  D,Fe+2 -MgK

The purpose of this initial projection (eqns A1–A3; Fig. A15a) is to remove first 

order effects of the liquid composition on .  These projected data points are, 

however, correlated with the experimentally determined Fo contents of the olivine as 
 D,Fe+2 -MgK
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shown in Fig. A15b.  This suggests a dependence of 
 
on the olivine 

composition, a point discussed by Toplis (2005) and Tuff and O’Neill (2010), and thus 

we can use the olivine composition to construct a second projection.  We begin by 

defining a global unweighted linear least-squares fit to our QFM±0.25 database (black 

line in Fig. A15b):    

 D,Fe+2 -MgK

 

[  ]0.5 = d + eD,Fe+2 -MgK ×[Mg/(Mg+Fe)]ol    (A4) 

 

where d (0.4045) and e (0.07799) are least-squares fit parameters.  Individual data points 

are then projected to Fo88: 

 

[  ]0.5,88 = [  ]0.5 – {d + eD,Fe+2 -MgK D,Fe+2 -MgK ×[Mg/(Mg+Fe)]ol} + {d + e×[0.88]ol}  (A5) 

 

This is shown schematically in Fig. A15b for two points shown as larger open blue 

circles (the same two points that are plotted as larger open black circles in panel a).  Red 

lines extend from these two points parallel to the global fit to the open gray circles at an 

olivine Mg/(Mg+Fe) value of 0.88.  Projecting the solid blue circles parallel to the least-

squares line   These doubly projected points appear in histogram form in Fig. 4 of the 

main article. 

 Figure A16 compares unprojected  values from the QFM±0.25 data set 

to the doubly-projected   s.  Although the mean values of the two data sets are 

very similar, projecting the   s to “S” = 0.5 and Fo88 has decreased the standard 

deviation by a factor of two and removed essentially all of the skewness apparent in the 

distribution in Fig. A16a.  In our view this makes it much easier to visually compare 

histograms of   s that have been calculated using different Fe+3/Fe+2 algorithms.  

 D,Fe+2 -MgK

D,Fe+2 -MgK

D,Fe+2 -MgK

D,Fe+2 -MgK

 

3.  Comparisons of Our Data with predictions of the Models of Ford et al. (1983) and 

Toplis (2005) 

Ford et al. (1983) and Toplis (2005) parameterized Fe+2-Mg partitioning between 

olivine and melt based on large numbers of 1-atm and high-pressure experiments.  Both 
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parameterizations have been used in olivine-addition calculations where the goal is to 

estimate the compositions of parental mantle melts (e.g., Herzberg et al., 2007; Putirka et 

al., 2007) but both models predict substantially lower 
 

D,Fe+2 MgK  values than we obtain 

for our QFM and NNO experiments and of the QFM±0.25 data set from the literature if 

Jayasuriya et al. (2004) equation 12 is used to compute Fe+3/Fe+2 in the melt.  In this 

section, we examine the causes of differences between predictions of the Ford et al. and 

Toplis models and observed and calculated results for our experiments and those from the 

literature.   

Both the Ford et al. (1983) and Toplis (2005) models depend critically on the 

Fe+3/Fe+2 algorithm used to calculate FeO in the liquid as this is required to 

calculate
  

D,Fe+2 MgK .  Consider first Ford et al. (1983), who used the equation presented 

by Sack et al. (1980).  
  

D,Fe+2 MgK  values calculated using Sack et al. (1980) to obtain 

Fe+3/Fe+2 in the liquid for the QFM±0.25 data set are 0.014±0.008 lower than they are if  

eqn 12 of Jayasuriya et al. (2004) is used with differences ranging between –0.014 (i.e., 

using Sack et al. yields a higher 
 

D,Fe+2 MgK ) and +0.041.  Thus, the Ford et al. expression 

will on average predict 
  

D,Fe+2 MgK s for liquids at ƒO2s near QFM that are ~0.014 lower 

than those preferred here due solely to the different choice of Fe+3/Fe+2 algorithm.  

However, we obtain a larger difference if we apply either the Sack et al. (1980) Fe+3/Fe+2 

algorithm or the 
  

D,Fe+2 MgK  expression of Ford et al. (1983) to our QFM experiments.  If 

we calculate 
  

D,Fe+2 MgK  using the Fe+3/Fe+2 expression of Sack et al. (1980), we obtain 

0.320±0.009.  The model of Ford et al. (1983) gives 0.318±0.009.  These calculations are 

in good agreement with each other but are 0.023 and 0.025 lower (not ~0.014) than the 

mean 
  

D,Fe+2 MgK  calculated for the same runs (0.343±0.008) using the wet chemistry FeO 

value for run # 26 and eqn 12 of Jayasuriya et al. (2004) for the remaining experiments.  

For run # 26 (1500°C, QFM), the deviation is even larger.  A 
 

D,Fe+2 MgK  value of 

0.338±0.005 is observed experimentally for our run #26 (QFM, 1500°C) and, since 

Fe+3/Fe+2 was determined through wet chemistry, it is independent of Fe+3/Fe+2 
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algorithm.  This 
  

D,Fe+2 MgK  value is 0.034 higher than the 0.304 predicted by the Ford et 

al. model, well outside the 0.014±0.008 expected based on the literature QFM±0.25 data 

set.  The discrepancies we have just described with respect to model predictions for our 

data are closely tied to the temperature dependence of Ford et al.’s (1983) model as the 

deviations generally increase with increasing temperature (Fig. A17).  This effect appears 

to be driven primarily by the temperature dependence of Fe+3/Fe+2 as calculated by Sack 

et al. (1980) relative to that calculated by Jayasuriya et al. (2004), as shown in Fig. A18.  

This different temperature dependence is propagated through the Ford et al. (1983) 

model, which uses Sack et al. (1980), to yield low 
 

D,Fe+2 MgK  values at high temperatures 

(or high MgO contents) and suggests that the Ford et al. (1983) 
 

D,Fe+2 MgK  model is 

inaccurate for the highly magnesian liquids relevant to parental melts.  

We can perform a similar analysis using the Toplis (2005) model to calculate 

  
D,Fe+2 MgK .  Toplis (2005) incorporates the Fe+3/Fe+2 expression of Kilinc et al. (1983) 

into his model with an additional term for P2O5 taken from Toplis et al. (1994).  For the 

QFM±0.25 data set from the literature, the Kilinc et al. (1983) model yields 
  

D,Fe+2 MgK  

values that are 0.015±0.007 lower than those generated using Jayasuriya et al. (2004).  

This is similar to our observations described above for the Sack et al. (1980) Fe+3/Fe+2 

model.  The mean 
  

D,Fe+2 MgK  value for our QFM data calculated using the model of 

Toplis (2005) is 0.313±0.009, 0.030 lower than our mean 
 

D,Fe+2 MgK  value of 

0.343±0.008 (i.e., this is twice the deviation expected based solely on the different 

calculation schemes for Fe+3/Fe+2).  In contrast to the Sack et al. (1980) model described 

above, there is no substantive and systematic temperature difference in the Kilinc et al. 

(1983) model for Fe+3/Fe+2 relative to Jayasuriya et al. (2004) and yet there is a clear 

temperature dependence implicit in Fig. A17 for 
 

D,Fe+2 MgK  values calculated using the 

Toplis (2005) model.  A possible source for the unexpectedly large deviations and 

temperature dependence is the use of high-pressure olivine-liquid data in parameterizing 

equations for 
  

D,Fe+2 MgK .  Such data extends to significantly higher temperatures than the 
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1-atm data set (Fig. A19) so that values for temperature and pressure coefficients are 

likely to be dominated by these data and, since pressure and temperature are correlated 

for these experiments, the coefficients are also likely to be correlated.  Also, since the 

high pressure data used by Toplis (2005) include experiments run in Re (probably quite 

oxidizing), graphite (oxidizing enough to require a correction for the presence of Fe+3) 

and iron (probably reducing enough not to require a correction for Fe+3), there are likely 

to be trade-offs among the coefficients of temperature, pressure, and chemical terms to 

compensate for variable Fe+3/Fe+2 ratios that are not taken into account.  Refitting the 

model of Toplis (2005) to establish the influences of specific data on the coefficients is 

beyond the scope of this study but, as noted in the main text, neglecting Fe+3 in the melt 

for high pressure graphite experiments leads to low estimates of 
 

D,Fe+2 MgK , which would 

be consistent with the Toplis (2005) model underestimating 
 

D,Fe+2 MgK  values for our 

experiments (Fig. A17) and, by extension,
  

D,Fe+2 MgK  values for high-temperature, 

magnesian parental melts.   
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Fig. A1.  Molar FeO/MgO in olivine (ol) vs. molar FeO/MgO in the coexisting liquid 
(liq) from the 27 experiments used by Roeder and Emslie (1970) to determine the value 
of the olivine-liquid Fe+2-Mg exchange coefficient (KD).  Liquid FeO was determined by 
mass balance following the procedure described by Roeder and Emslie (1970): phases 
other than olivine and glass (spinel, clinopyroxene, and plagioclase) were ignored; the 
proportions of glass and olivine in each experiment were calculated using MgO contents 
of the glass, olivine, and bulk composition, respectively; FeO in the glass was calculated 
using the proportions of liquid and olivine and the measured FeO contents of the olivine 
and the bulk charge.  The unweighted least-squares line is forced through the origin and 
yields a KD of 0.305±0.005.  The relative positions of the points are extremely similar to 
those seen in Fig. 4 of Roeder and Emslie (1970). 
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Fig. A2.  (a) Histogram of individual ol-liq 

 
D,Fe+2 MgK  values from the 27 experiments of 

Roeder and Emslie (1970); liquid FeO for each experiment calculated as described by 
Roeder and Emslie and in the caption to Fig. A1.  The three different bulk compositions 
are denoted by dark (olivine basalt: 654), stippled (ankaramite: C71), and no shading 
(alkali olivine basalt: C218), respectively.  The overall spread in KD values is from 0.260 
to 0.362.  Although there is a tendency for experiments on the bulk compositions with 
lower silica contents (C71 and C218) to plot to the left of the diagram (to low KDs), one 
experiment on C71 produced a KD of 0.343. (b) Histogram of individual ol-liq 

  
D,Fe+2 MgK  

values distinguished by capsule material: red = either Ag55Pd45 or Ag60Pd40 alloy 
capsules; black = Al2O3 crucibles.  Note that the Al2O3 crucible experiments yield tightly 
clustered KD values (0.344–0.327), while those from the Ag-Pd alloy runs range from 
0.260–0.362. 
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Fig. A3.  SiO2 vs. MgO (both in wt %) in the experimental glasses from the Kilauea 
olivine basalt (bulk composition 654) experiments showing the anomalous silica value in 
run 7-8-654 relative to the other glasses.  Note that the SiO2 content of the glass in 7-5-
654 is also somewhat high relative to that seen in the remaining experiments. 
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Fig. A4.  CaO vs. MgO (both in wt %) in the experimental glasses from the olivine basalt 
(bulk composition 654) experiments showing that the two clinopyroxene (cpx)-bearing 
experiments (open circles) are consistent with the CaO-MgO trend defined by the 
clinopyroxene-free experiments (filled circles).  The solid black line is an unweighted 
least-squares fit to the clinopyroxene-free glasses. 
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Fig. A5.  Calculated olivine modes (a) and spinel modes (b) as a function of run 
temperature (°C).  Only the 7-X-654 series of experiments are plotted (where X denotes 
the run number).  Modes calculated using all oxides and all phases except clinopyroxene 
(this study).  The filled circles define tight linear arrays that are negatively correlated 
with temperature, whereas run 7-5-654 plots substantially off the olivine and spinel 
trends.  The calculated spinel mode for 7-5-654 is insensitive to the whether Cr-spinel or 
magnetite is used in the mass balance calculation. 
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Fig. A6.  (a) Olivine-liquid (ol-liq) 

 
D,Fe+2 MgK (R&E; MgO) where liquid FeO is calculated 

using the approach of Roeder and Emslie (1970) vs. ol-liq 
 

D,Fe+2 MgK  (all oxides) where 
liquid FeO is calculated using all oxides, a weighted mass balance approach, and with the 
compositions of all coexisting phases, except for clinopyroxene (this study).  Symbol color 
denotes the experimental container material: either an Ag-Pd alloy or alumina.  Error bars 
(1σ) for both sets of KD values are calculated by propagating FeO and MgO uncertainties 
associated with liquid and olivine compositions (uncertainties in FeO liquid for the Roeder 
and Emslie KDs were assumed to be the same as those for FeO liquid in the complete mass 
balance calculation, see notes to Table A1 for more discussion).  Unweighted mean and 1σ 
values for both sets of 

  
D,Fe+2 MgK s are given in the lower right corner of the figure.  Note that 

both mean values are based on 24 experiments (i.e., the three rejected experiments, 8-2-
C218, 7-5-654 and 7-8-654 were not included in the 

 
D,Fe+2 MgK  averages. (b) Ratio of KDs 

(KD R&E using MgO/KD, using all oxides) vs. ∆FeO* liquid defined as the percentage difference 
between the calculated FeO + 0.89981×Fe2O3 value from the mass balance (mb) and the 
microprobe (probe) glass FeO* value for each experiment: 100×[(FeO + 0.89981×Fe2O3)mb – 
FeO*probe]/FeO*probe.  Symbol color denotes the experimental container material (see legend). 
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Fig. A7.  Ol-liq 

  
D,Fe+2 MgK s (liquid FeO for each experiment calculated using a weighted 

mass balance approach, all oxides, and all coexisting phases except clinopyroxene) vs. 
bulk ∆FeO* in percent.  Bulk ∆FeO* is defined as the percent difference between the wet 
chemistry (wc) measurements on each experimental charge (FeO + 0.89981 Fe2O3) and 
FeO* measured by electron microprobe (probe) on each of the glassed starting materials: 
100×[(FeO + 0.89981 Fe2O3)wc – FeO*probe]/FeO*probe. Symbol color denotes the run 
container: red for an Ag-Pd alloy or black for alumina.  Error bars on 

 

×

×
D,Fe+2 MgK  are 1σ 

and are based on FeO and MgO uncertainties in olivine and glass, respectively. 
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Fig. A8.  (a) ln(Fe+3/Fe+2) molar vs. lnƒO2 for the ~1200°C superliquidus or near-liquidus 
experiments on bulk composition RHB (Hill and Roeder, 1974).  FeO and Fe2O3 
determined by wet chemistry (see Hill and Roeder, 1974 for a discussion of analytical 
methods).  Temperature range for the eight experiments is 1195–1202°C; only the Pt 
capsule air experiment is below the liquidus.  Error bars associated with ln(Fe+3/Fe+2) are 
one sigma and are based on the FeO and Fe2O3 uncertainties reported in Hill and Roeder 
(1974); for all but the two most reducing experiments, one sigma errors are smaller than 
the size of the symbols.  (b) Histogram of ln(ƒO2) coefficients (the slope of the line in 
panel a) at constant temperature and liquid composition for a wide range of non-
magmatic systems (e.g., iron oxide slags ), magmatic liquids (e.g., natural silicate 
liquids), and model expressions designed for magmatic liquids (e.g., equations for 
estimating Fe+3/Fe+2 as a function of temperature, ƒO2, and liquid composition; the 654 
bulk composition of Roeder and Emslie (1970) was used for calculating temperature 
dependences shown in the figure).  Experimental data references: Larson and Chipman, 
1953; Fudali, 1965; Shibata, 1967; Timucin and Morris, 1970; Hill and Roeder, 1974; 
O’Horo and Levy, 1978; Schreiber et al., 1980; Bowker et al., 1981; Mysen and Virgo, 
1983; Virgo et al., 1983; Mysen et al., 1984; Schreiber et al., 1986; Dingwell and Virgo, 
1987; Kress and Carmichael, 1988, 1989; Iwase et al., 1998; references for Fe3+/Fe2+ 
models: Sack et al., 1980; Kilinc et al., 1983; Kress and Carmichael, 1988; Kress and 
Carmichael, 1991; Nikolaev et al., 1996; Jayasuriya et al., 2004. 
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Fig. A9.  Calculated ln(Fe+3/Fe+2) in glass vs. ln(ƒO2) for the experiments of Roeder and 
Emslie (1970) on the 654 bulk composition; liquid Fe2O3 and FeO from mass balance 
calculations using all oxides and phases (except clinopyroxene).  Experiments from 
1152–1153°C are plotted in (a), from 1175–1180°C in (b), from 1195–1212°C in (c), and 
from 1214–1228°C in (d).  Regression lines and accompanying slopes are unweighted fits 
to the data: red solid lines are fits to the Ag-Pd capsule experiments plotted in each panel; 
solid black lines are fits to the Al2O3 crucible experiments; and black dashed lines are fits 
to all the points in a given panel.  Error bars (often smaller than the size of the symbols) 
are one sigma and are based on estimates of the uncertainties associated with the 
calculated FeO and Fe2O3 in the glass (see text for further discussion).  
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Fig. A10.  ln(Fe+3/Fe+2) vs. ln(ƒO2) for the ~1200°C alumina crucible experiments on 
bulk composition 654 (Roeder and Emslie, 1970) and RHB (Hill and Roeder, 1974).  
Slope is from an unweighted fit to the data; error bars are one sigma and are calculated as 
described in the caption to Fig. A9.  
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Fig. A11.  Histogram of temperature coefficients (104/T, K) for ln(Fe+3/Fe+2) in non-
magmatic and magmatic liquids and from model expressions (e.g., equations for 
estimating Fe+3/Fe+2 as a function of temperature, ƒO2, and liquid composition).  Data 
sources: Kennedy (1948), Johnston (1964), Sack et al. (1980), Kilinc et al. (1983), 
Mysen and Virgo (1983), Mysen et al. (1985ab), Kress and Carmichael (1988, 1991), 
Borisov and Shapkin (1989), Ghiorso and Kress (2004), Lange and Carmichael (1989), 
Ohashi et al. (2000), and Jayasuriya et al. (2004).  
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Fig. A12.  ln(Fe+3/Fe+2) corrected to a reference temperature of 1155°C vs. ln(ƒO2) for 
the five alumina and 12 Ag-Pd experiments that have provisionally passed all of the 
previously described tests that are described in the text.  The solid line is a weighted fit to 
the data and the dashed curves represent the 95% confidence interval for the regression.  
Error bars associated with each point are 2σ and are calculated as described in the caption 
to Fig. A9. 
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Fig. A13.  

  
D,Fe+2 MgK s (liquid FeO for each experiment calculated using a weighted mass 

balance approach, all oxides, and all coexisting phases except clinopyroxene) vs. bulk 
∆FeO* in percent (defined in the caption to Fig. A7).  Error bars are 1σ and are 
calculated as described in the caption to Fig. A6.  Only the experiments plotted in Fig. 
A12 are shown here.  Compare to Fig. A7. 
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Fig. A14.  The sensitivity of 

  
D,Fe+2 MgK  to changes in bulk FeO, liquid MgO, and Fo and 

Fa contents of the equilibrium olivine.  The filled black circle is the result of the mass 
balance calculation for run 7-3-654 (Table A1).  The green curve denotes the effect on 

  
D,Fe+2 MgK  and liquid FeO of increasing or decreasing the bulk FeO by the specified 

amount and rerunning the mass balance.  Changing the olivine composition from 
Fo79Fa20 to either Fo78Fa21 or Fo80Fa19 (weight units) and rerunning the mass balance 
results in the open blue circles.  The effect of changing the liquid MgO content by ±2σ is 
denoted by the open orange circles (uncertainties for bulk FeO and liquid MgO are listed 
in the notes to Table A1. 
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Fig. A15.  (a) S/(C + M + A + S) vs. ol-liq 

 
D,Fe+2 MgK  for the 1-atm QFM±0.25 

experiments compiled from the literature as part of this study.  Small open black circles 
are data from the literature; S/(C + M + A + S) calculated as described in the Supplement; 

  
D,Fe+2 MgK  calculated using FeO in each of the glass compositions as predicted by 

Jayasuriya et al., 2004 at the temperature and ƒO2 of that experiment.  The curved black 
line is an unweighted least-squares fit to this data using the expression:   D,Fe = a + 
b×exp(c×“S”) where “S” is equal to S/(C + M + A + S), the values of the coefficients a, 
b, and c are given in the Supplement.  The two larger open black circles are 
representative points that illustrate the effect of being moved parallel to the black line 
(path denoted by the two red lines with arrows) to an “S” value of 0.5; their projected 
positions are given by the two open blue circles.  The smaller filled blue circles represent 
the projected positions of all the other open black circles.  (b) “S” projected ol-liq 

  
D,Fe

+2 -MgK

+2 MgK  ([  D,Fe ]0.5) vs. coexisting olivine Mg/(Mg+Fe), atomic, values.  The filled 
and open blue circles are the same as those in Fig. A15a.  The black line is an unweighted 
least-squares fit using the equation: [  D,Fe ]0.5 = d + e

+2 -MgK

+2 -MgK ×[Mg/(Mg+Fe)]ol (values of the 
coefficients are given in the Supplemental text).  Red lines show the movement of two 
representative points (the same two points as in panel a) parallel to the black line to an 
olivine composition of Fo88.  This represents the second projection.  The filled gray 
circles define the now twice-projected ol-liq KD values.  It is these twice-projected values 
that are plotted in histogram form in Fig. 4 in the main article. 
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Fig. A16.  A comparison of unprojected ol-liq 

 
D,Fe+2 MgK s (a) and “S” and olivine Mg# 

projected values (b); both sets of 
 

D,Fe+2 MgK s calculated using experiments from the 
literature at QFM±0.25 and eqn 12 of Jayasuriya et al. (2004) to estimate the FeO content 
of the experimental glasses.  The mean and standard deviation (stdev) for each set of 

  
D,Fe+2 MgK s is listed in each panel. 
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Fig. A17.  Ol-liq 

  
D,Fe+2 MgK s as a function of temperature comparing  D,Fe s 

calculated using olivine and liquid compositions from the experiments from this study to 
those calculated using the parameterizations of Ford et al. (1983) and Toplis (2005).  
Filled black circles are calculated using liquid FeO contents as estimated by eqn 12 of 
Jayasuriya et al. (2004), liquid MgO contents, and olivine compositions; open circle 
indicates the   D,Fe  calculated using the wet chemistry FeO liquid determination.  
Blue and red circles are   D,Fe s calculated using the temperatures, ƒO2s, and liquid 
compositions of the experiments and the parameterizations of Ford et al. (1983) and 
Toplis (2005), respectively. 
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Fig. A18.  (Fe+3/Fe+2)Jay12/(Fe+3/Fe+2)Sack (molar) vs. temperature (°C) of the experimental 
glasses from the 1-atm QFM±0.25 data set compiled as part of this study.  “Jay12” and 
“Sack” in the y-axis label refer to Jayasuriya et al. (2004) eqn 12 and Sack et al. (1980), 
respectively. 
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Fig. A19.  Distribution of run temperatures from 1-atm experiments (a) and high-pressure 
experiments (b) included in the calibration data set of the Toplis (2005) olivine-liquid 
Fe+2-Mg exchange model.  Literature references are from the captions to Fig. 1, 8, 9, and 
10 of Toplis, and we assumed that all olivine-liquid-bearing experiments from these 
sources were used.  The pressure range in panel (b) is from 5 to 144 kbar and pressure 
and temperature show a strong positive correlation.  
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Table A1. Results of the mass balance calculations using the experimental data of Roeder and Emslie (1970) 

Run # liq ol sp plag liq FeO liq Fe2O3 χ2 SSR bulk∆FeO*  D
allK   D

mgK  ∆QFM 

7-1-654 0.882 0.110 0.008  5.979 5.878 1.12 0.62 8.85 0.330(28) 0.362(31) 2.06 
7-2-654 0.904 0.091 0.005  7.903 3.464 2.71 0.10 2.73 0.293(25) 0.298(25) 1.75 
7-3-654 0.931 0.065 0.004  8.146 3.515 0.50 0.17 2.03 0.302(26) 0.312(26) 1.46 
7-5-654 0.895 0.083 0.022  7.406 3.611 1.43 0.94 7.40 0.287(24) 0.330(28) 1.92 
7-6-654 0.966 0.032 0.003  8.295 3.042 1.18 0.33 –4.70 0.290(25) 0.281(24) 1.17 
7-9-654 0.940 0.057 0.003  8.268 3.148 1.73 0.09 –0.50 0.302(26) 0.294(25) 1.30 
7-10-654 0.976 0.022 0.002  8.262 2.894 0.17 0.02 –5.02 0.311(26) 0.314(27) 1.03 
7-11-654 0.984 0.014 0.002  8.351 3.084 0.46 0.10 –3.74 0.321(27) 0.311(26) 0.89 
6-1-654 0.952 0.043 0.005  4.945 6.695 0.19 0.07 –1.12 0.329(28) 0.348(30) 2.45 
6-2-654 0.974 0.020 0.006  6.804 4.678 0.82 0.20 –3.01 0.300(26) 0.289(25) 2.18 
6-3-654 0.967 0.026 0.007  6.942 4.619 1.69 0.29 –1.16 0.308(26) 0.293(25) 2.34 
8-1-654 0.815 0.122 0.004 0.058 8.456 2.927 2.09 1.12 –1.38 0.321(27) 0.302(26) 0.96 
8-2-654 0.912 0.085 0.003  9.115 2.320 0.36 0.30 1.42 0.315(27) 0.310(26) 0.68 
8-3-654 0.942 0.056 0.002  9.027 1.888 3.76 0.86 –6.72 0.320(27) 0.292(25) 0.39 
8-4-654 0.934 0.063 0.003  8.817 2.507 0.86 0.22 2.20 0.311(26) 0.327(28) 0.07 
9-1-654 0.841 0.143  0.015 8.695 1.896 3.62 1.10 0.89 0.295(25) 0.309(26) –0.01 
10-3-654 0.951 0.049   9.562 1.096 1.65 1.25 –1.10 0.328(28) 0.344(29) –1.94 
10-4-654 0.921 0.079   9.270 1.423 3.28 1.88 1.31 0.319(27) 0.344(29) –1.64 
10-5-654 0.892 0.106 0.002  9.334 1.166 0.44 0.47 0.21 0.325(28) 0.328(28) –1.35 
11-2-654 0.911 0.089   9.789 0.819 3.03 1.86 1.87 0.322(27) 0.340(29) –2.65 
7-1-C71 0.918 0.079 0.003  8.970 2.903 1.35 0.62 4.01 0.271(23) 0.273(23) 1.30 
7-2-C71 0.941 0.056 0.003  8.189 2.546 8.36 2.70 –3.68 0.301(26) 0.343(29) 1.03 
7-4-C71 0.962 0.036 0.002  8.745 1.983 0.99 1.26 –8.51 0.277(24) 0.279(24) 0.69 
7-1-C218 0.955 0.040 0.005 0.000 8.474 3.811 0.74 0.92 6.73 0.253(21) 0.260(22) 1.75 
  



 

Notes: Bold and italicized run numbers indicate experiments conducted in alumina crucibles; all other experiments were conducted in Ag-Pd alloy capsules.  Phase 

abbreviations: liq = liquid, ol = olivine, sp = Cr-spinel or magnetite, plag = plagioclase; values under these heading are phase proportions in weight fractions; values 

in bold and italics under the sp-heading indicate magnetite.  In run 7-1-C218, the mass balance calculation returned a plagioclase mode of zero; the qualitative 

plagioclase mode in Roeder and Emslie’s unpublished data table (REUPDT) is “trace”.  Liquid FeO and liquid Fe2O3 are the wt % concentrations of these oxides in 

the liquid calculated by mass balance.  SSR = sum of squared residuals from the mass balance.  Bulk∆FeO* is the difference (in %) between the bulk FeO* content 

determined by microprobe (probe) on each of the glassed starting materials and the wet chemistry (wc) bulk FeO and Fe2O3 measurements on each of the 

experimental charges: 100 [(FeO + 0.89981× ×Fe2O3)wc – FeO*probe]/FeO*probe.  D
allK  is the olivine-liquid exchange coefficient calculated using liquid FeO content 

based on a mass balance using all oxides and phases with the exception that clinopyroxene in runs 7-1-654 and 9-1-654 were assumed to be negligible;  D
mgK  is the 

exchange coefficient with liquid FeO determined following the procedure of Roeder and Emslie (1970).  Values in parentheses are 1σ uncertainties calculated by 

propagating the 1σ errors associated with FeO and MgO in liquid and olivine, respectively; uncertainties on the phase compositions are described below.  ∆QFM is 

the logƒO2 of the experiment relative to the QFM buffer (O’Neill, 1987).  Bulk compositions for the three starting materials are from Table 1 of Roeder and Emslie 

(1970) with the exception that the bulk FeO* value in each mass balance calculation was replaced by the wet chemical measurements of bulk FeO and Fe2O3 for each 

experiment; wet chemical data are taken from REUPDT.  Cr contents for the three bulk compositions (not reported in Table 1 of Roeder and Emslie, 1970) were 

estimated using Cr and MgO contents for lavas from Kilauea (1084 points) and Hualalai (77 points) from the GeoRoc database (http://georoc.mpch-

mainz.gwdg.de/georoc/).  The equation: Cr (ppm) = a + b×log(MgO, wt%), yielded fits with correlation coefficients (R) of 0.95 (Kilauea) and 0.90 (Hualalai), 

respectively and Cr2O3 contents in wt % of 0.0879 (Kilauea, 654), 0.0604 (Hualalai, C218), and 0.1009 (Hualalai, C71) for the MgO contents of the three bulk 

compositions; a and b values for the two sets of data are: –1375.17, 1959.79 (Kilauea) and –1705.77, 2318.70 (Haulalai).  Olivine compositions are based on 

reported forsterite and fayalite values (REUPDT) and were converted into oxide wt % of SiO2, FeO, and MgO.  The sum of the three oxides was fixed to that of the 

reported wt % sum of Fo and Fa, i.e., if Fo + Fa in a given experiment summed to 98 wt %, then the sum of SiO2, FeO, and MgO for olivine from that experiment 

was also fixed at 98 wt %.  Spinels compositions were estimated using the algorithm of Poustovetov and Roeder (2001).  When Cr-spinel was included in the mass 

balance, the Cr content of the melt was set to zero.  The model of Poustovetov and Roeder (2001) does not require a liquid Cr2O3 value and including Cr2O3 as an 

unknown in the melt leads to the Cr mass balance equation being under-constrained.  The model does require FeO and Fe2O3 liquid values and thus Cr-spinel 

compositions were calculated simultaneously during the mass balance minimization.  We also tested the liquid-magnetite model of Ariskin and Barmina (1999) for 

the more oxidized experiments, i.e., ≥QFM+1.75 (the model of Poustovetov and Roeder is not well calibrated under these more oxidizing conditions).  When 

magnetite was used in the mass balance, liquid and bulk Cr2O3 contents were set to zero.  For the six spinel-bearing experiments run at ≥QFM+1.75, the choice of 

which mass balance model to accept (Cr-spinel or magnetite) depended on which gave the lowest χ2 value and a non-zero spinel mode.  With two exceptions, the 

choice of Cr-spinel or magnetite had little effect on the calculated ol-liq KD; in runs 7-1-654 and 6-1-654, ol-liq KD decreased from 0.394 to 0.330 and 0.362 to 

0.329, respectively when magnetite was used in place of Cr-spinel.  For the four experiments that contained plagioclase, we used the model of Putirka (2005) to 

calculate a coexisting plagioclase composition.  FeO and Fe2O3 contents in the liquid were calculated based on the following constraints: (1) FeOliq + 

http://georoc.mpch-mainz.gwdg.de/georoc/
http://georoc.mpch-mainz.gwdg.de/georoc/


0.89981 Fe2O3
liq = FeO*liq (as measured by microprobe); (2) a1× ×FeOliq + a2×FeOol + a3×FeOsp = FeObulk; and (3) a1×Fe2O3

liq + a3×Fe2O3
sp = Fe2O3

bulk; where the 

a1, a2, and a3 are the calculated mass fractions of the phases.  Since sodium is known to be volatile in 1-atm experiments (e.g., Tsuchiyama et al., 1981), we allowed 

bulk Na2O to vary in order to minimize χ2; the closure constraint was applied to the bulk composition in that if bulk Na2O decreased, the remaining oxides in the bulk 

increased by a proportional amount.  Bulk ∆Na2O values (the difference in percent between the bulk Na2O content required to minimize χ2 and the bulk Na2O as 

measured by microprobe on the glassed starting material) for 22 of the mass balance calculations are less than the uncertainty on the sodium microprobe 

measurement (± 9%); for runs 10-4-654 and 7-2-C71, ∆Na2O is 10.2% and 9.3%, respectively.  It is clear from the liquid compositions that those experiments run in 

Al2O3 crucibles gained alumina.  For these five experiments, we allowed the bulk Al2O3 to vary along with Na2O and again the remaining oxide concentrations in the 

bulk increased or decreased depending on the relative changes in Al2O3 + Na2O.  For these five experiments, bulk ∆Al2O3 values range from ~5 to 31% and show a 

broad positive correlation with run temperature and run time.  Uncertainties on the bulk, liquid, and solid phase compositions are based on the relative errors reported 

in Roeder and Emslie (1970).  Specifically, fractional errors for SiO2, TiO2, Al2O3, FeO*, MgO, CaO, Na2O and K2O are 0.04, 0.04, 0.04, 0.04, 0.06, 0.05, 0.09, and 

0.08, respectively (for olivine we lowered the uncertainty for MgO to 0.04 on the assumption that the high concentration of MgO in olivine would allow for more 

precise analyses).  For Cr2O3 in Cr-spinel and the bulk composition we arbitrarily used a fractional error of 0.04.  For the wet chemical FeO and Fe2O3 contents in the 

bulk composition, we used the FeO and Fe2O3 measurements and their reported uncertainties from Hill and Roeder (1974) to calculate fractional errors and plot them 

as a function of FeO and Fe2O3 concentrations—the data sets are well fit by the following equations: FeO fract. error = 0.050691/(FeO, wt %); R = 0.98 and Fe2O3 

fract. error = 0.167676/(Fe2O3, wt %); R = 0.95.  For the calculated Fe2O3 liquid contents, we used the expression above for the 1σ uncertainties since the 

uncertainties are rather large (for the range of bulk Fe2O3 measurements, fractional errors vary from 0.419 to 0.025).  For the measured range of bulk FeO contents 

(5.3 to 10.8 wt %), fractional errors are substantial smaller than the FeO* microprobe uncertainty (0.01–0.005 vs. 0.04) and for this reason we added a constant term 

of 0.014 to the FeO fractional error equation when we applied it to the calculated FeO liquid contents.  This brought the calculated errors on the liquid FeO 

concentrations more in line with the microprobe uncertainties but nevertheless allowed us to retain the concentration dependence. 



Table A2. Compositions (in wt %) used for olivine-addition calculations 

 SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O P2O5  
MK low-Sia 48.75 2.63 13.89 0.044 11.57 0.169 7.89 11.30 2.42 0.393 0.215 

MK high-Sia 51.40 2.44 13.46 0.045 10.43 0.166 7.39 11.24 2.22 0.383 0.202 

MLb 51.90 2.04 13.84 0.051 10.41 0.166 7.62 10.70 2.22 0.339 0.206 

Kilc 50.65 2.42 13.20 0.070 11.06 0.168 7.96 10.83 2.25 0.426 0.233 
                                                      
a Mauna Kea low-SiO2 and high-SiO2 compositions based on glass compositions with ≥7 wt % MgO reported in Stolper et al. 

(2004); Cr2O3 contents based on whole rock Cr vs. MgO regressions (Cr calculated at MgO values of 7.89 and 7.39 wt %, 
respectively); whole rock data from Rhodes and Vollinger (2004).  Definition of glass and whole rock low-SiO2 and high-
SiO2 compositions from Stolper et al. (2004). 

b Mauna Loa composition represents the average of glass compositions with ≥ 7 wt % MgO from the GeoRock database 
(http://georoc.mpch-mainz.gwdg.de/georoc/).  Cr content calculated from Mauna Loa bulk rock data (Rhodes, 1996) as 
described in the note for the Mauna Kea low-Si composition. 

c Kilauea composition is the average of glass compositions from the GeoRock database with ≥ 7 wt % MgO. 

http://georoc.mpch-mainz.gwdg.de/georoc/


Table A3. Compositions of calculated parental Hawaiian magmas (in wt %) 

 KD Mg#ol ΔQFM SiO2 TiO2 Al2O3 FeO* MnO MgO CaO Na2O K2O P2O5 
MK1 0.30 0.90 –0.5 47.09 2.11 11.18 11.73 0.17 15.52 9.15 1.94 0.32 0.17 
MK1 0.30 0.90 –2.0 46.81 2.03 10.74 11.83 0.17 16.71 8.80 1.87 0.30 0.17 
MK1 0.30 0.91 –0.5 46.77 2.00 10.60 11.60 0.17 17.30 8.68 1.84 0.30 0.16 
MK1 0.30 0.91 –2.0 46.48 1.92 10.13 11.68 0.16 18.57 8.31 1.76 0.29 0.16 
MK1 0.34 0.90 –0.5 46.53 1.94 10.29 11.92 0.16 17.93 8.44 1.79 0.29 0.16 
MK1 0.34 0.90 –2.0 46.19 1.85 9.77 12.05 0.16 19.33 8.02 1.70 0.28 0.15 
MK1 0.34 0.91 –0.5 46.17 1.82 9.65 11.75 0.16 19.92 7.92 1.68 0.27 0.15 
MK1 0.34 0.91 –2.0 45.83 1.72 9.10 11.86 0.16 21.40 7.48 1.58 0.26 0.14 
MK1 0.34 0.91 –1.0 46.04 1.78 9.43 11.79 0.16 20.50 7.75 1.64 0.27 0.15 
MK2 0.34 0.91 –1.0 48.18 1.73 9.55 10.92 0.16 18.98 8.04 1.57 0.27 0.14 
ML 0.34 0.917 –1.8 48.01 1.35 9.15 10.81 0.16 21.22 7.14 1.46 0.22 0.14 
Kil 0.34 0.908 –0.7 47.74 1.74 9.49 11.37 0.16 19.02 7.84 1.61 0.31 0.17 
Kil 0.34 0.908 –1.4 47.54 1.69 9.24 11.43 0.16 19.73 7.64 1.57 0.30 0.16 
  
MK1 = Mauna Kea low-SiO2 composition; MK2 = Mauna Loa high-SiO2 composition; ML = Mauna Loa composition; Kil = Kilauea 
composition (all from Table A2). KD is the constant value Fe+2-Mg exchange coefficient between olivine and liquid used for each 
calculation; Mg#ol is the Mg/(Mg+Fe), atomic, of the target olivine; ΔQFM is the ƒO2 relative to QFM (O’Neill, 1987) used for each 
calculation.  Starting with each average glass composition in Table A2, 0.0001 weight fraction of equilibrium olivine was repeated added 
to each composition until the evolving composition was in equilibrium with the target olivine; at each step Fe+3/Fe+2 in the liquid was 
calculated using eqn. 12 of Jayasuriya et al. (2004), the specified ƒO2, and the temperature calculated using the expression of Beattie 
(1993); olivine MnO and CaO contents calculated using the expression of Beattie et al. (1991) for MnO and a cation-based version of the 
algorithm of Libourel (1999) for CaO; cation-based Al and Cr partition coefficients between olivine and liquid were 0.005 and 0.6, 
respectively (Bédard, 1994).  Parental Cr2O3 contents not listed.  See the main text for a discussion of the target olivine compositions and 
ƒO2s of Hawaiian lavas. 
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