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One of the goals of igneous petrology s to use the subtle and more
obuvious differences in the geochemustry of primutive basalts to place
constraints on mantle composition, melting conditions and dynamics
of mantle upwelling and melt extraction. For this goal to be achieved,
our first-order understanding of mantle melting must be refined by
hugh-quality, systematic data on correlated melt and residual phase
compositions under known pressures and temperatures. Discrepancies
wn earlier data on melt compositions from a fertile mantle composition
[MORB (nud-ocean ridge basalt) Pyrolite mg-number 87/ and
refractory lherzolite (“Tinaquillo Lherzolite mg-number 90) are
resolved here. Errors in earlier data resulted from drift of W/Re
thermocouples at 1 GPa and access of water, lowering liquidus
lemperatures by 30-80°C. We demonstrate the suitability of the
sandwich’ technique for determining the compositions of multiphase-
saturated hiquids i lherzolite, provided fine-grained sintered oxide
mixes are used as the peridotite starting materials, and the changes
m bulk composition are considered. Compositions of liquids in
equilibrium with lherzolitic to harzburgitic residue at 1 GPa,
1300—-1450°C wn the two lherzolite compositions are reported.
Melt compositions are olivine + hypersthene-normative (oliine
tholeutes) with the more refractory composition producing a lower
melt fraction (7-8% at 1300°C) compared with the model MORB
source (18=20% at 1500°C).
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INTRODUCTION

The determination of peridotite partial melt compositions
is an important constraint on models of magma genesis
and geodynamics (Green & Falloon, 1998). However,
the experimental determination of mantle melt com-
positions is not an easy matter (Falloon et al., 1997,
19994). One of the major hurdles facing any experimental
study is quench modification of the melt composition by
rapid metastable crystallization on the rims of primary
crystal phases during quenching of the experimental run.
One technique used extensively in experimental studies to
avoid this problem is the so-called ‘sandwich technique’,
wherein a layer of basalt (a melt component) is allowed
to react with melt and residual phases produced from
the peridotite composition of interest (Stolper, 1980;
Takahashi & Kushiro, 1983; Fujii & Scarfe, 1985; Falloon
& Green, 1987, 1988). The rationale of the sandwich
technique is straightforward: if we have thermodynamic
equilibrium, then we are free to vary the modal pro-
portions (hence the bulk composition) of equilibrium
phases without affecting their compositions. Therefore
in the sandwich experiment, a layer of a melt component
(of composition close to the anticipated equilibrium melt
composition) 18 placed in contact with the peridotite of
interest (wherein a greater modal percentage of the
main melt-contributing reactants has been prepared) and
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allowed to react, providing large areas of melt at the end
of the experiment that can be more casily analysed and,
more importantly, are relatively unaffected by quench
modification. Sandwich experiments are also an analogue
of wall-rock reaction processes in the Earth’s mantle
(Kelemen ez al., 1992) and are more appropriately referred
to as peridotite reaction experiments. Obviously, the
success of the sandwich technique in establishing correct
mantle melt compositions will depend on the choice of
reactants used, the nature of the starting materials, the
elimination of other potential experimental problems (e.g.
temperature control, Fe loss, volatile content, etc.), and
the achievement of equilibrium.

The deliberate placement of chemically different layers
in the experimental charge obviously introduces the
possibility of local chemical systems in which phase
compositions may differ, and the total charge may not
reach equilibrium.

An alternative approach by Kinzler & Grove (1991,
1992) (abbreviated to KG91 and KG92 hereafter) to
the determination of liquid compositions saturated in
peridotite residual phases avoided peridotitic com-
positions but instead used basaltic compositions in which
relatively small proportions of liquidus phases were pres-
ent at the pressures and temperatures of interest. The
identification of liquids lying on olivine + orthopyroxene
+ clinopyroxene =+ plagioclase cotectics (and thus pos-
sible melts from plagioclase lherzolite or lherzolite res-
idues) was based on systems dominated by liquid rather
than crystalline phases.

Several recent studies, using other experimental tech-
niques (KG91; KG92; Hirose & Kushiro, 1993; Baker
& Stolper, 1994; Kushiro, 1996), have criticized the
‘sandwich’ approach for determination of peridotite par-
tial melt compositions. In comparison with their own
peridotite melting data, Kinzler and Grove (KG91;
KG92) noted that melt compositions from sandwich
experiments performed by both Fujii & Scarfe (1985)
(FS85) and Falloon & Green (1987) (FG87) at 1 GPa
had the following anomalous features compared with
other experimental data: (1) temperatures for equilibrium
with a spinel lherzolite residue were too high; (2) the glass
compositions from sandwich experiments had normative
diopside contents that could not be explained by the
KG92 melt model; (3) glass compositions from sandwich
experiments were not multiply saturated in the stated
residual mineralogy at the P and 7 of the experiment.
These anomalous features were attributed by KG92 to
lack of reaction between the melt layer and the peridotite
layer, implying that the equilibrium state had not been
achieved during the course of the experiment.

Accordingly, here we critically evaluate our earlier
data and other studies, to derive a thoroughly checked
dataset at 1 GPa. We present reversal experiments on
two of the glass compositions considered anomalous by
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KG92 from the FG87 dataset. We also present additional
direct melting experiments and new reaction experiments
on the peridotite compositions MPY-87 and T(Q-40 used
in the FG87 study. In Appendix B, we present the phase
compositions, including new glass analyses normalized
to the international glass standard VG-2, and thus are
able to demonstrate mass balance calculations for the
earlier experiments (Falloon & Green, 1987, 1998) as
well as our new experiments. Robinson et al. (1998)
(RWB98) have also applied the sandwich technique to
determine the compositions of mantle melts at 1-5 GPa,
and this study provides a useful comparison.

Our new results demonstrate that the temperatures of
equilibrium reported in FG87 (and a subset of FG88)
are in error (correct temperatures are presented in Ap-
pendix A) and two glass compositions reported in FG87
are incorrect, i.c. not multiply saturated with the stated
residual phases. The lack of equilibrium in the two
experiments, however, was due to thermocouple drift
and the failure of the layered charge to re-establish
equilibrium in the time available. Our new data dem-
onstrate that the sandwich technique, used in an ap-
propriate manner, is indeed an effective method for
determining the equilibrium compositions of peridotite
partial melt compositions.

DISCUSSION OF EARLIER DATA

KG92 concluded that the invariant points (10° Pa to 6
GPa) defined in the simple system CaO-
MgO-Al,05-S10, (CMAS) represent the maximum tem-
peratures possible for the equilibria olivine +
orthopyroxene + clinopyroxene + spinel/plagioclase
+ liquid, ie. liquid in equilibrium with a lherzolite
residue as opposed to harzburgite, wehrlite or dunite
residue. At 1 GPa, this temperature is ~ 1322°C (Walter
& Presnall, 1994), and KG92 noted that the data of
FG87 predict T of equilibrium with a spinel lherzolite
residue extending to 1400°C, well above the inferred
maximum temperature defined by the CMAS system
(see KG92, fig. 3). KG92 also noted that a subset of the
FG87 and the FS85 dataset had anomalously high CaO
and CaO/AlLO; values and consequent high normative
diopside (Di) contents in comparison with other preferred
data. The identification of these problem data led KG92
to doubt the attainment of equilibrium in the sandwich
technique, and to state that ‘sandwich experiments do
not provide reliable approximations of melt compositions
saturated with the spinel-lherzolite assemblage’.

To further test these conclusions, KG91 and KG92
performed crystallization experiments on a suspect melt
composition from both I'S85 (composition no. 10, table
6, FS85) and FG87 (glass from run T-2113, FG87)
datasets. If these two compositions are indeed equilibrium
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liquids, then they should be liquid and multiply saturated
with their stated residual phases at the experimental P
and 7 (1310°C in the case of the FS85 composition and
1375°C 1in the case of the FG87 composition). The test
for multiple saturation is that the liquid composition,
when reacted with the residual mineralogy at the stated
P and 7, does not change its composition. If the melting
process includes any reaction relationship, ie. in-
congruent melting relationship of one or more phases,
then the liquidus phase(s) of the equilibrium melt will
not reproduce the residual phases. In the case of both
the I'S85 and the FG87 compositions, both were liquids
at their stated P and 7, consistent with equilibrium, but
clinopyroxene alone was the liquidus phase in both
compositions. As no reaction experiments were per-
formed by KG91 and KG92, the significance of clino-
pyroxene crystallizing as the sole liquidus phase in these
compositions is uncertain. However, KG91 found that the
composition from FG87 first crystallized clinopyroxene at
1325°C, 50° below the conditions specified by FG87.
The differences between the FG87 result (liquidus at
1375°C) and the KG91 result (liquidus at 1325°C) could
be caused by H,O in the experiments of KG9l or
incorrect temperature measurement by FG87, using a
W/Re thermocouple.

To test these possibilities, we have performed crys-
tallization and reaction experiments on the T-2113 com-
position as well as on an additional composition from
the dataset of FG87 ('T-2140). We will use the results from
these experiments to critically evaluate the previously
published data of FG87,88 and the peridotite-sandwich
technique. We also present additional experimental data
at 1 GPa for peridotite compositions MPY-87 and TQO-
40. These two compositions are, respectively, a com-
position for source lherzolite for mid-ocean ridge basalt
(MORB) based on a primitive olivine tholeiite glass
(DSDP-3-18) (Green et al., 1979) and a refractory natural
lherzolite (Tinaquillo Lherzolite, Green & Falloon, 1998).
Both have been extensively studied in their subsolidus
and melting behaviour.

EXPERIMENTAL AND ANALYTICAL
TECHNIQUES

Experimental techniques

Starting compostitions

All starting compositions used in the experimental study
are presented in Table 1. The starting compositions
(except for T-2113, synthetic starting material kindly
provided by R. Kinzler) were prepared from a mixture
of analytical grade oxides and carbonates (Ca, Na, K),
ground under acetone in an agate mortar. This mixture
was pelletized and sintered overnight (~16-20 h) at

PERIDOTITE MELTING AT 1 GPa

950°C. An appropriate amount of synthetic fayalite was
then added to the sintered mixes and the mixture was
again ground under acetone, before storage in glass vials
in a 110°C oven. The composition TQ-40 (Table 1) is
a refractory lherzolite (minus 40 wt % Fog,.q) composition
modelled on the natural Tinaquillo Lherzolite ( Jaques
& Green, 1980). The rationale for using olivine-depleted
compositions in experimental studies was presented in
FG87. The compositions 10/1300, 15/1350 and 5/
1250 (Table 1) are calculated equilibrium partial melt
compositions of Tiaquillo Lherzolite from the study of
Jaques & Green (1980). The composition 95-1 (Table 1)
1s a synthetic composition modelled on the primitive
back-arc basin glass composition 123 95-1 studied by
Falloon et al. (19995).

Run assemblies and temperature control

All experiments (Tables 2 and 3), except two runs (TFB-
11 and TFB-12, Table 2, which were performed at the
University of Bristol), were performed using standard
piston-cylinder techniques in the High Pressure Laborat-
ory housed in the School of Earth Sciences, University
of Tasmania (UTas). All experiments used NaCl-Pyrex
assemblies (except runs T-3629 and T-3635, Table 2,
which used talc-Pyrex assemblies) with graphite heaters
and a Wg;Res/W;sReos (W/Re, Type D) thermocouple
(calibrated against the melting point of Au and the
em.f. of a Type S, Pt/PtyRhj, (Pt) thermocouple, at
atmospheric Pin an Ar atmosphere). Temperatures were
controlled to within +1°C of the set point using a
Eurotherm type 818 controller. No P correction was
applied to the thermocouple calibration. All UTas ex-
periments employed graphite capsules with fired py-
rophyllite and alumina spacers, and mullite and alumina
surrounds. The thermocouple enters the assembly
through a composite two- and four-bore alumina sheath
and is shielded from the graphite capsule by a 1 mm
alumina disc. The thermocouple junction is formed by
crossing the thermocouple wires utilizing the four-bore
alumina sheath, which forms the top 5 mm of the alumina
thermocouple sheath. All experimental components and
starting materials were stored in an oven at 110°C.
Experiments were performed using the hot piston-out
technique ( Johannes et al., 1971). For experiments with
run numbers >T-4276, an initial overpressurization of
~ 0-5 GPa was employed to help prevent oxidation of the
W/Re thermocouple. In our more recent work (Falloon et
al., in preparation) we employ a continuous nitrogen gas
flow over the thermocouple exit from the end plate of the
piston-cylinder apparatus, which prevents thermocouple
oxidation at 1 GPa (Walter & Presnall, 1994). The
overpressurization technique employed in this study pro-
duces results consistent with this new work at 1 GPa.
Pressures are accurate to within +0-1 GPa.
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Table 1: Starting compositions used in this study
Composition SiO, TiO, Al,O,4 Cr,0,4 FeO MnO MgO CaO Na,O
T-2113 50.47 0-42 15.29 0-32 7.4 12.05 12.83 115
T-2140 50.78 0-67 15.42 0-27 7.79 1112 12-10 183
MPY-87 44.32 0-16 4.33 0-44 9.82 0-10 36-84 3.34 0-39
TQ-40 47.50 0-13 5.35 0-75 7.51 0-18 32.80 4.97 0-30
TQ 44.95 0-08 3.22 0-45 7.66 0-14 40.03 2.99 0-18
10/1300 49.03 0-30 14-35 9.00 13-63 1240 1.15
15/1350 47.12 0-53 1447 10.93 14.57 10-88 1.25
5/1250 50-09 0-33 17-86 7.68 10-20 12-44 130
95-1 47.90 0-42 16-52 0-11 8.49 0-11 10-67 1430 1.40

High-pressure experiments performed at the University
of Bristol (UB) used BaCOj; pressure cells with a graphite
furnace, and BaCO; and crushable alumina as inner
spacers. Starting compositions were loaded into inner
graphite capsules and sealed into an outside platinum
capsule (3mm o.d.) by welding. Experiments used a
W/Re thermocouple entering the assembly through a
four-bore alumina sleeve. The thermocouple was pro-
tected from the capsule by a thin alumina disc (1 mm). No
P correction was applied to the thermocouple calibration.
Experiments were brought to the desired P and 7 using
the hot piston-out technique.

Analytical techniques
Electron microprobe microanalysis

At the end of each experiment, the entire experimental
charge was mounted and sectioned longitudinally before
polishing. Experimental phase compositions presented in
Table 4 were analysed either by wavelength-dispersive
microanalysis using a Cameca SX-50 microprobe housed
in the Central Science Laboratory, UTas (operating
conditions 15 keV, 20-25 nA) or energy-dispersive micro-
analysis using a Cameca MICROBEAM microprobe
housed in the Research School of Earth Sciences, The
Australian National University (operating conditions
15keV, 5 nA). All glass analyses have been normalized
to the composition of international glass standard VG-2
(Jarosewich et al., 1980), which was analysed together
with the glasses under the same analytical conditions.
Phase compositions for the FG87,88 experiments are
presented in Appendix B. The phase compositions were
analysed by either wavelength- or energy-dispersive
microanalysis. Wavelength-dispersive microanalysis was
performed using either the UTas SX-50 microprobe or
a Jeol JXA 8600 Superprobe with Link Analytical AN10/
85S X-ray analysis system and LEMAS automation,

housed in the Department of Geology, UB (operating
conditions 15keV, 15 mA). Energy-dispersive micro-
analysis was performed by a JEOL JX-50A electron
probe microanalyser (operating conditions 15 keV, 5 nA,
calibrated using pure Cu, formerly housed in the Central
Science Laboratory, UTas). Reanalysed glass analyses,
normalized to VG-2, were performed using wavelength-
dispersive  microanalysis using the UTas SX-
50 microprobe.

FTIR spectroscopy

H,0O contents of selected experimental glasses (Table
5), including some from the study of FG87,88, were
determined using Fourier transform infrared (FTTR) spec-
troscopy. Measurements were performed using a Bruker
IFS 66 spectrometer with attached optical microscope
(all reflecting optics) and Bruker Opus/IR reduction
software, housed in the Central Science Laboratory,
UTas. Run products were doubly polished (30-70 pm
thick, using superglue for bonding to a standard thin-
section glass slide, during polishing). Diameters of ana-
lysed areas were usually 60-90 pm. During each analysis,
100 scans were collected with the resolution of four
wavenumbers between 4000 and 2400 cm'. H,O con-
tents were estimated using the main OH-stretching peak
at ~3500cm™" following the calibration of Dan-
yushevsky et al. (1993).

Calculation of %F in peridotite melting and reaction
experiments

To calculate the degree of partial melting (%) for the
peridotite compositions of interest in this study
(Tinaquillo Lherzolite and MORB Pyrolite) we have
applied the following procedures to our direct melting
and reaction experiments on the TQ-40 and MPY-87
compositions.
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Table 2: Experimental run data on 1-2113 (inferred melt), TO-40 and (1-2115 + TQ-40) compositions

No. Run no. Run T Calculated Time Wt % ML;/ML¢ Basalt Phase assemblage
(°C) T (°C) (h, min) basalt composition
Crystallization experiments (T-2113)
1 T-4123 1375 24 T-2113 L
2 T-4313 1350 27, 10 T-2113 L
3 T-4320 1340 24, 20 T-2113 L
4 T-4300 1325 25, 30 T-2113 Cpx + L
Peridotite reaction and melting experiments
Series D
5 T-3629 1375 1370 179 0-371 10/1300 Ol + Opx + L
6 T-3635 1325 1319 24.6 10/1300 Ol + Opx + Cpx + Sp + L
7 T-4081 (i) 1500 1
(i) 1375 1381 24 0 Ol + Opx + L
8 T-4126 (i) 1500 1
(i) 1325 1314 24 0 Ol + Opx + Cpx + Sp + L
Series E
9 T-3980 1325 1310 24 12.0 0-380 5/1250 Ol + Opx + Cpx + Sp + L
10 T-3981 1325 1321 24 15-4 0-440 15/1350 Ol + Opx + Cpx + Sp + L
1 T-4125 1375 1325 24 38.0 0-718 T-2113 Ol + Opx + Cpx + Sp + L
12 TFB-11 1314 1380 24 16-5 0-337 15/1350 Ol + Opx + L
13 TFB-12 1314 1371 5 184 0-376 5/1250 Ol + Opx + L
14 T-4080 1375 1344 24,10 40.0 0.727 95-1 Ol + Opx + L
15 T-4321 1325 1359 97,7 25.0 0-535 T-2113 Ol + Opx + L
16 T-3982 1325 24 0 Ol + Opx + Cpx + Sp + L
17 T-3976 1350 1349 29, 10 0 Ol + Opx + Cpx + Sp + L
18 T-3978 1400 24,15 0 Ol + Opx + Sp + L
19 T-4304 1400 1409 21, 30 0 Ol + Opx + L
20 T-4014 1450 1411 24 0 Ol + Opx + L
21 T-4301 1450 1495 25,10 0 ol + L
22 T-4174 1500 1 0 Ol + L

ML;/ML;, ratio of the initial mass of liquid in the bulk composition (given by wt % basalt) and the final mass of liquid in the

bulk composition (given by mass balance, Table 4). Ol, olivine;

opx, orthopyroxene; cpx, clinopyroxene; sp, spinel; L, glass.

Calculated temperature (°C) is the calculated OLT using the Ford et al. (1983) geothermometer.

(1) For each experiment we first use the known bulk
composition of the experiment to test for mass balance
of all residual phases using least-squares linear regression
(using the software Petmix). If the experiment has come
to equilibrium and all phases have been analysed correctly
then we must be able to demonstrate positive proportions
for all phases with a very low sum of the squares of the
residuals for the oxides. In the case of our direct melting
and reaction experiments (n 23) were are able to
demonstrate positive proportions for all phases with very
low sum of the squares of the residuals (average 0-08 +
0-07, range 0-0023-0-2968; see Tables 4 and 6). In
general, if an experiment as a result of a least-squares
linear regression mass balance calculation has negative

phase proportions and/or a very high sum of the squares
of the residuals (i.e. » 1-0), then there is either a problem
with attainment of equilibrium over the course of the
experiment or alternatively there are significant errors in
the analyses of the experimental phases, and/or cal-
culation of the bulk composition (i.e. error or inaccuracy
in the weighing in of the layered components so that the
nominal bulk composition differs from the true bulk
composition). Such experiments should not be used for
any petrogenetic modelling.

In the case of direct melting experiments this is all that
1s necessary to calculate the % present in the experiment.
The %1 calculated for direct melting experiments on the
TQ-40 and MPY-87 compositions by mass balance is
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Table 3: Experimental run data on T-2140 (inferred melt), MPY and (1-2140 + MPY-87) compositions

No. Run no. RunT Calculated Time Wt % ML;/ML¢ Basalt Phase assemblage
(°C) T (°C) (h, min) basalt composition
Crystallization experiments (T-2140)
1 T-4090 1400 24 T-2140 L
2 T-4282 1350 26 T-2140 L
3 T-4283 1338 24, 15 T-2140 Cpx + L
4 T-4276 1320 21 T-2140 Cpx + L
Peridotite reaction and melting experiments
Series D
5 T-4083 1400 1391 24 77-0 0-816 T-2140 ol +L
6 T-4324 1320 1325 72, 25 12.7 0-397 T-2140 Ol + Opx + Cpx + Sp + L
7 T-4296 1338 1336 67, 30 33.0 0-660 T-2140 Ol + Opx + L
Series E
8 T-4338 1319 1330 46 35.0 0-648 T-2140 Ol + Opx + L
9 T-4284 1344 1349 75, 40 127 0-363 T-2140 Ol + Opx + Sp + L
10 T-4318 1330 1355 73 132 0-363 T-2140 Ol + Opx + L
1 T-4183 1400 1363 26 16-0 0-381 T-2140 Ol + Opx + L
12 T-4033 1300 24 0 Ol + Opx + Cpx + Sp + L
13 T-4297 1337 1328 49 0 Ol + Opx + L
14 T-4298 1400 1371 45, 30 0 Ol + Opx + L
15 T-4306 1450 1441 21,15 0 Ol +L

ML;/ML;, ratio of the initial mass of liquid in the bulk composition (given by wt % basalt) and the final mass of liquid in the

bulk composition (given by mass balance, Table 4). Ol, olivine;

opx, orthopyroxene; cpx, clinopyroxene; sp, spinel; L, glass.

Calculated temperature (°C) is the calculated OLT using the Ford et al. (1983) geothermometer.

given in Table 6 (column 4). RWB98 proposed a more
sophisticated method of calculating %F, by calculating
Fand its standard error for ecach individual oxide resulting
in a calculation of an average %I as a weighted mean
with a standard error (see their appendix). Figure 1 and
Table 6 demonstrates that simple mass balance for all
oxides by linear least-squares regression (where the cal-
culation demonstrates positive phase proportions and a
very low sum of the squares of the residuals) produces
identical results to the RWB98 calculation. In the cal-
culation of %F by the method of RWB98 the phase
proportions of spinel used were those given by mass
balance, not an arbitrary small amount of 0-2 wt % as
proposed by RWB98.

To calculate the % F for the TQ (Table 1) composition
we simply multiply column 7, Table 6, by 0-6, as the
only difference between the TQ-40 and TQ) compositions
is the subtraction of 40 wt % olivine, and these values
are given in column 9, Table 6.

(2) In the case of peridotite reaction experiments the
next step is to test for mass balance into the peridotite
of interest using the analysed melt and phases in the
reaction experiment. There should be positive pro-
portions for all phases and a very low sum of the squares

of the residuals. In all cases (n = 14) we are able to
demonstrate positive proportions for all phases with very
low sum of the squares of the residuals (average for TQ-
40 reaction experiments 0-15 + 0-14, » = 8, range
0-0219-0-4753; average for MPY-87 reaction ex-
periments 0-05 + 0-04, n = 6, range 0-0055-0-1143;
see Tables 4 and 6). The residual sums for reaction
experiments on TQ-40 are higher than for the MPY-87
reaction experiments because the reactants used were
significantly different in composition from the expected
equilibrium partial melt, except for runs T-4125 and T-
4321, which have residuals similar to those of the MPY-
87 reaction experiments (Table 6). We also calculated
the %F into the peridotite of interest using the method
of RWB98 and again found identical results to our mass
balance calculations (Table 6), i.e. both methods are
‘correct’ if applied to equilibrium experiments in which
the added melt layer does not diverge strongly from the
equilibrium melt composition.

(3) The final step in establishing the % F of the peridotite
of interest from our reaction experiments is to compare
the compositions and mode of residual crystals in the
reaction experiments with those in direct experiments on
the peridotite of interest at the same P and 7. We have

2368



PERIDOTITE MELTING AT 1 GPa

FALLOON et al.

¢€000 lenpisay

(2)o-00L (5)62°0 (€)8z°L (8)8LclL (L)LLL (7)¥L-0 (1)08 (£)eg-SL (€)95°0 (L)8-6¥ (S)V (€)0G€E-0 sse|n

pru |oulds

()66 (8)84°L (¥)Lz0 (6)6°7L (6)s°1C (¥)6L-0 (2)9°¥ (9)L-G (@)LL-0 (¥)8°1G €WV (€)v€0-0 auaxoudoul|)

(8)6'66 (L)zeL (2)¥0-0 (L)6-C (2)e-Le (9)Lz0 (€)6-a ey (L)60-0 (€)L-vs 9V (¥)292-0 auaxolAdoyno
(9)6:66 @)vv-0  (9)S¢0 (2)9¢-0 2)v-8y (€)oz':0  (L)6L-0L (2)e-or (S)V (2)oge-0 BUIAIIO 186€-L

G6L0°0 |enpisay

(¥)0-00L (eez-o (€)9e-L  (v)6LecL (Leltt (r)9L-0  (8)zv-L (L)g-9lL (2)8v-0  (9)za-6¥ (Q)V (9)9L€0 sse|9

‘pu |auidg

Gz o0l 9G°L [4Al\] vevL z8Le 9L-0 144 299 9L-0 L9°1G 18S (8)990-0 auaxoidoui|n

(£)8-66 (Lelt (L)¥0-0  (v)89-C (2)9-Le (2610  (£)99'S (9)ev (0)90-0 (8)z-vs (€ (6)98¢2-0 auaxolAdoyuQ
(S)L-00L (9)9v'0  (€)¥C0 (L)¥0 (2)8-8% (9)6L°0 (1)9°6 (9)ee-ov (§2)4 (9)62€0 SUIAIO 086€-L
3 salieg

€200°0 |enpisay

(€)8:66 (¥)8€°0 (9)8L°L (L)€L (9)29°LL ()SL-0 (6)E"L (L)8-GL (€)¥50 (1)0-0S 9V (€)6v2-0 sse|n

vL-zol L2-9€ 800 6€8L 186 6€-G€ S 13 Jauidg

(L)5'66 (L)g°L (2)9L-0 ()6-0L (S)L¥T (8020 (L)L-S (2)s ¥ @)LL-o (L)0-€S €wv (S)LL0-0 auaxoudoul|)

(€)9-86 (€)e-L (L)80°0  (9)0LC (9)9°L€ (6)6L°0 (2)8°S (6)6°€ (1)60°0 (8)5¥S (§2)4 (7)9L2°0 auaxolAdoynQ
(L)v-66 (£)1L50 (9)ze-0 (€)o-6¥ (L)z-o (L)Y-6 (v)es-ov (t4)7 ()60 SUIAIO 9CLy-L

96¥0°0 |enpisay

(€)2°66 (£)95°0 (€)8:0 (L)ecL (9)e9o-elL (€)9L-0 (L)9°L (2)eeel (2)ev-0 (1)5-05 (S)\V (9)9G€0 sse|H

(6)L-00L (g)ee-L (9)¥8°L (€)e-ee (0)8L-S (2)s¢ (2)6-99 (f4)4 (6)L220 auaxolAdoyuQ
(9)86:00L (¥)92°0 (9)SL-0 (8)L6°67 (1)9-8 (LeLy €WV (9)607-0 SUIAIO L807-L

(z)e-LoL (9)50-0  (L)9z0 @zl (9)98CL (G)Y9-LL (€)6L-0 (L)9-L (L)6Y-GlL (€)ov-0 (L)z-0S GV sse|n

pru |ouldg

‘pu auaxoudoul|)

()v-LoL (6)GY-L (2)50-0  (8)99-C (€)L-0€ (¥)6L-0 (L)L-9 28y (2)L0-0 (2)0-vs 9V auaxolAdoyuQ
(L)L-1olL (S)LV°0 (S)LE0 (L)E Ly (¥)9L-0 (2oL 8Ly (L\V SUIAIO GE9E-L

0€L00 |enpisay

(¥)9-00L (L)20'0  (¥)LS0 (¥)96:0 (2)6'LL  (9)00vL (2)6L°0 (2)9°L (L)9-€L (€yee-0 (L)8-08 (S)\V (7)e8Y-0 sse|9

(L)EL-LOL (¥)eL-o (2)eL (L)€0°0 ()ec (G)p-ce (2)sL-0 (1)9°'S 9)LC (¥)90°0 (¥)5-GS (S)V (9)¥GL-0 auaxolAdoyuQ
(2)z-LoL (£)Lz:0  (L)Ly0 (v)9€-0 (L)8-8v (€)g1-0 (L)z6 (L)g-ov (Q)V (€)1L9g-0 BUIAIIO 629¢-L
d selies
0¥-01 uo suawnadxa Huiaw pue uoijoeas ayopLdd

YSEL0 |enpisay

(z)o-LoL (2)8L-0 (eer-L  (9)8LcL  (¥)58'8 (£)99-L (|)L-LL (€)95-0 (Ly-Ls (£39)7 (2)eL0 sse|n
(2)6-00L (L)L (g)ee0 Q)L (9)9-6L (1)8'S (gL (0)LL-0 (2)e-Ls (€W (2)9z0 auaxolAdoul|) 00€Y-L
€LLZ-1 uo syuawiiadxa uonezijeisiiy
agoud OIN f0%0 O%N 0oed obn Oun 094 f0%vY ‘oL ‘ol adA an aseyd "ou uny

spompouq uns ppusuniagxa fo suoyisoquior) :F 3qy.

2369



DECEMBER 2001

NUMBER 12

VOLUME 42

JOURNAL OF PETROLOGY

2€50°0 |enpisay

(v)L°66 (9)2L-0 (9)6L°0  (L)60°LL  (L)S0°9L (L)6°L ()18l (9)¥€0 (2)eLs eV (8)507°0 sse|n
(9)8-66 (L1 (L8 (g)o-ce (LS (L)9-C (9)L-95 9V (L)9L-0 auaxolAdoyno
(g)z-00L (5)91°0 (2)ze0 (2)v-6v (v)8z°8 (19 Ly (1204 (L)0EV0 auIAIIO
‘pu sse|H

(v)86 (€)8-9¥% (€)¥20 (€)o-LL (8)€2°0 (2)L-otL (2)1-g¢ (8)€2°0 (2)¥-0 (e |ouids
(9)9:66 (8)€0°L (8)8L°L (L)9:€€ (€)LL'0  (9)€0°G (214 (S)7-9G Qv auaxoiAdoyuo
(6)£8:00L (L)¥S0  (9)9g0 (7)9€°0 (2)EL-6¥ (7)GL-0 (2178 (2)5-0% (€W auIAIO
92100 |enpisay

(9)z-00L (£)560 (7)¥0L (€)o-€L (el (G)6L°0 (@)L (v)8-€lL (2)87°0 (L)¥-05 (Q)V (9)50€-0 sse|n
pu |oulds

(L)8-66 (6)89-L (2)sL-0 (£)9-0L (€)Lve (9)02°0 (€)e-S ey (€)LL-o (¥)L-€S (§2)4 (1)20:0 auaxoudoui|)
(9)8:L6 ()81 (L)ae (Q)L-Le (L)z0 (2)8-s 9Q)L¥ (9)Gvs €V (6)LLZ0 auaxolAdoyuo
(G)9-00L (9)59:0  (€)5€0 (6)8€°0 (v)z6v (€)6L°0 (€)L-8 (€)5-0% (G)V (¥)90%°0 aUIAIO
‘pu sse|H

pu |ouids

Zv-00L 79l 0z°0 6L 8Lz 8L0 9Ty 65 zL0 822 189S auaxoudoul|)
(v)L-00L (0)5€°L (2)70°0 (28T (2)L-Le (2910 (L)19G Wy (1)80-0 ()2 vs (v auaxoJAdoyuQ
(2)6-00L (2)€9:0  (€)gz0 (€)eg0 (6)26°8¥ (€)1z0 (2)e'6 (2)v-ov 9V auUIAIIO
9¥00-0 |enpisay

(v)9-L0L (L)ey0 (€)96°0 (L)o€L (L)zeL (r)vL-0 (1)9L (8)LE YL (2Q)Lv0  (8)¥8°6Y (G)V (2)L9%°0 sse|n
(e)v-LoL (L)SL0  (L)evL (2)¥00 ()9 (€)9rLe (v)EL0 (L)9'S (L)ov (€)900 (2)¥vs (ev (€)192:0 auaxoiAdoyuo
(G)¥-LoL (L)oz:0  (¥)8€0 (2)e€0 (€)z-6¥ (2)80°0 (2)e'6 (L)g-0v v (2)692°0 auIAIIO
20€0°0 |enpisay

(€)9-00L (7)€5°0 (€)80'L  (L)z6TL (L)e-zL (2)L10 (L)gL €l (€)LY-0 (€)L-09 (Q)V (G)L£9°0 sse|n
9'86 760 86l Ly-€€ L9V SLT 92-99 S (L)Lv0-0 auaxolAdoyuQ
(v)L-00L (L)6L°0 (2)rL-0 (£)09-6% (L)L6 (Lo Ly €WV (8)LL2°0 auIAIIO
L1600 |enpisay

(2)8'L6 (€)L€0 (€)90°L  (¥)98°LL  (L)96°€EL (r)Lz0  (9vvL (9)zr¥L (2)9g'0  (6)8L-0S 9V (L)67°0 sse|n
(g)e-00L (eyeL (e (€)0-ze (9)GL-0 (LS (S)8°€ (€)20°0 (€)26S (G)V (L)6L-0 auaxoiAdoyuo
(€)6°66 (9)ZL-0 (2)0€-0 (L)6°67 (9)LL-0 (258 (L)0° Ly (1204 (8)9LE0 auIAIO
0v8L-0 |enpisay

(v)9-L6 (2)8€0 (2)66°0 (L)Lt (LevL (9)¥L-0 (L)6°L (g)98-zL (L)L¥-0 (1)8-09 (Q)V (L)67°0 sse|n
(v)z-00L (8)9G°L (¥)90°0  (8)6L°C (€)zze (S)EL-0 (LS (v)e-€ (2)50-0 (267G (G)V (2)EL-0 auaxolAdoynQ
(€)z-00L (€)€0°0 (2)ze0 (2)8-6v (€)8L-0 (€)L8 (8)50°L¥ (G)V (L)L€0 auIAIO
€900°0 |enpisay

(€)8-00L (€)5€°0 (r)9LL  (8)80°€L  (L)00-TL (€)60°0  (9)29°L (9)ze-aL (€)870  (6)06°6Y (G)V (1)625°0 sse|n
pru |ouldg

£'86 StL GGl 8zLT 4%4 6LG A 19S (76200 auaxoudoul|)y
(v)€'66 (et (2)0C (S)Lze (219G (LIe€ (9)2-GS (G)V (G)€LzZ0 auaxoiAdoyuo
(L)€°66 (r)7L-0 (€)GL-0 (9)LL-6Y (1)8'6 (6)58-0¥ GV (e)eze0 BUIAIO
aqo.d OIN £040D O%N oed obw Oun 024 OV ‘o1L ‘oIS adAL an aseyd

Y0EV-L

8L6¢€-L

9L6¢-L

¢86¢E-L

Lzey-L

0807%-L

cl-g941

Li-gd1

Selv-L

‘ou uny

PINUU0I f ]GV

2370



PERIDOTITE MELTING AT 1 GPa

FALLOON et al.

¥9LL-0 lenpisay

(€)z-00L (v)L€0 (9)Ly-L (L)g-LL (el (L)0'6 (Levl (9)L:0 (2)L-6V (LV (L)s€-0 sse|9

(8)¥-zoL (€)L-9e (v)ZL0 (2)g-LL (2)e-LL (e)Lve (2)eg0 Qv (¥)¥00-0 |oulds

(8)5-66 (6)6€°L (€)a-c (G)L-Le (€)99 (g)8-€ (9)z0-0 (€)9-¥S (§20% (z)oL-0 auaxolAdoyuQ
(¥)0-66 (2)62°0 (v)L€0 (2)8Ly (8)58-0L (2)8-0v (§2) (L)¥S-0 auIAIO v8Zy-1

12600 |enpisay

(€)z-00L (2)zo:0  (2)Le0 (€Ll (@LcL (9Lt (2)60-0 (L)g-8 (L)L0-SL (1)89-0 (L)8-6¥ 9V (L)vS-0 sse|D

(S)v-00L (¥)60-0 (Lt (L)L00 (2)9¢ (r)L-Le (€)oL-o (2)59 (L)L-€ (2)60-0 (G)L¥S 9V (1)50-0 auaxolAdoynQ
(2)0-00L (v)€z0  (2)ee0 (2)ee0 (@)LLy (€)900 (z)s8-0L (2)v-ov GV (6)0LY-0 auIAIlO 8eey-1L
3 salies

60LL°0 |enpisay

(€)9-00L (v)62-0 (6)9s-L  (B)gzzL  (8)90-CL (1)9-8 (9)00-5L (G)99-:0  (6)29-6V (1) (L)0s-0 sse|9

(9)8-00L (9)zeL (L)8z (2)L9-0¢ (8)L59 (2)8e (2)o-gss eV (2)oL-0 auaxolAdoyuQ
(2)8-00L (9)€z-0 (€)LE0 (L9 LYy (6)L0°LL (L)vL-ov 9V (L)ov-0 auIAIIO 962Y-L

59100 |enpisay

(e)v-LoL (€)0g-0 (2)g9-L (LzL  (L09:LL (8)0L'0  (E)L¥8 (G)o6°GL (L)6L°0 (€)z-6v GV (L)ze0 sse|D

(€)v-coL (L)9z (@)LL-o (€)r-8L (9)v0-0 (2)6-0L (Lvy (2)zz:0  (L)020 €V (2)00-0 |auidg

(9L L0l (L9 (2)s€0 (e)evlL (2)s-02 (v)oL-0 (2)L-g (9)1-9 (2)¥2T0 (9)5LS eV (6)8L0-0 auaxoiAdouly

(G)o-zoL (€)oL-0 (LetL (1)80-0 ()9 (2)¥-0¢ (G)L0°0 (1)6'9 (2)e's (2)EL-0 (e)L-€5 GV (L)gL-0 auaxolAdoyuQ
(g)o-coL (9vz:0  (P)ve0 (L)ze0 (€)G-LYy (2)EL-0 (Lv-LL (@)L-ov Qv (9)705-0 auIAIlO veer-1

G¥8€-0 |enpisay

(€)8'66 (9)z€0 (9)LeL (L)ool (9)L9vL (L)z-8 (2)gvL (L)¥S0 (L)8-6¥ (G)V (L)ev6:0 sse|D
(9)z-LoL (6)900 (€)1-09 (€)L8 (Q)LL-Ly eV (9)250-0 auIAIlO €807-L
d selies
L8-AdINl Uo sjuawiddxa uonoeal pue Bupjaw ayopuad

20220 |enpisay

(6)z-LoL (8)51-0 (6)50'c  (L)08°LL (2)z'6 (L)L€°8 en-LL (L)EL0 ()90 (OL)V (L)¥8-0 sse|D
(g)g-00L (Lo-L (8)9z-0 (Lot (9)66L (e)e-s (€)a-s (9)Lz0 (L)e-ecs 9V (L)GL-0 auaxolAdoul|n 9L2v-L

£992-0 |enpisay

(9)g-L0L (v)520 (9)98:L  (9)ve-zL (L)e-oL (L)o-8 (2)8-GL (¥)89-0 (2)L-0 9V (L)56:0 sse|D
(v)g-LoL (L1 (9)ze-0 (6)L-GL (8)6-0¢ (€)o-s (V)9 (9)9L-0 (9)6-cS (LV (1)50-0 auaxolAdoul|n €8¢Y-L
0vL2Z-1 uo syuawiadxa uonezijjeisiiy
(9)e-66 (6)95:0  (9)6€0 (v)ez-0 (@)z-1s (L)gL-0  (8)LE9 (6)6L-LY eV auIAIIO VLLY-L

LYL00 |enpisay

(v)z-00L (£)L6°0 (1)S0 (L)z'8 (L)vLe (£)L0°0 (L)6°L (1)9-8 (v)82-0 (L)L-zs GV (€)865-0 sse|D
(L)9-66 (v)Ly-0 (@)Lzo (L)8-05 (G)zL9 (Lg-Ly (Vv (€)v6€-0 auIAIlO LOEY-L

€960°0 |enpisay

(£)8-00L (6)08-0 (€)LL0 (2)L-oL ()9l (9)0z-0 (2)9-L (L)Lt (e)e€-0 (2)LLs (G9)V (6)0S7°0 sse|n

(2)66 Q)L @1 (9)g-ve (8)zL-0 (Lg v Q-1 (v)z-LS (v (L)eL-o auaxolAdoyuQ
(£)8-00L (2)9:0  (9)9¢€0 (v)LL-0 (2)z-05 (@2)LL-0 (L)Lt (20607 Qv (8)Lzv0 auIAIlO 7107-1
aqo.d OIN f0%0 O°eN oed 0B OUN 094 Kok ‘olL ‘ols adAL an aseyd ‘ou uny

2371



NUMBER 12 DECEMBER 2001

VOLUME 42

JOURNAL OF PETROLOGY

9oeJ] “u1 fo|qissodwil sdejtano uediubis Inoyum sisAjeue apew ([aulds Ajjeioadsa) azis uielb [|ews AJoA 8yl asneodaq J0 palipow

youanb sem sseyd sse|b 8y} esnedeq Jayle ‘paullLIBlep 10U 0] SI8ydl ,pru, ‘paulelqo sem sisAjeue auo Ajuo 81sym sased 8soyl ul sisAjeue a|buls e 0} si9)al

g, ‘saseyd uaylo yum sdejiano juesiyiubis aAey 0} sasAjeue pasned (syie| Jejngel uiyl ‘6°9) w0y s 10 |e1SAIO 9yl JO 9zIS ||ewsS 9y} JayHa aiaym (duaxolAdoul|d

Ajuoww09) sased 9soy} ul SiISAjeue paloa|as e 0} Su8jdl ,|9S, ‘sasayiualed ul UaAIb abeiaAe 9y} WI0) 0} PasN Jaquunu 8y} Yum ‘() abelane ue si sisAjeue ayl Jaylaym
0} si9jal ,0dA|, ",0q01d, Japun uaAIb ale s|ejo] pazijewlouun abelaAe ay) pale|nd|ed usaq aAey sabelane 21049q % IM Q0L Ol Pazijeuwllou uaaq aAey sasAjeue ||y
's|enpisal 8y} Jo saienbs ayl Jo wWNS ay} 0} SI9JdJ ,|ENPISAY, pue ‘XIWidd 91emyos ayl Buisn uoissalbal Jeaul| salenbs-1sea| Buisn pawlopad sem uonoedy 1yblom
ul (gINl) @duejeq sselN "600:0 F OvS-0 01 S184al (6)0yS-0 "B°0 panud sHuUN 1se| 8y} JO SWI) Ul O| ale ddue|eq SSeW J0 siSAjeue yoea 0} 1xau sasayjualed ul siaquinp

€LE00 |enpisay

(9)¥-00L (€)500  (€)85°0 (L (€)g-8 (P)v-LL (v)e-oL (r)v-LL (€)€50 ()0-0G (Vv (2)eLe0 sse|n
(L)L-00L (9)5€°0 (2)vz-0 (1)5-87 (1)8'6 @)Ly (S)IV (2)629-0 BUIAIIO
L9€0°0 |enpisay

(8)¥-zoL (9)87°0 (LeL (2)LoL (e)L-eL (2)e6 (L)6€L (8)0L0 (L)g6r  (OL)V (£)08z0 sse|n
(G)o-zoL vyl (ee (9)2-0€ (L)¥0°0 (1)5'9 ey (9)20°0 (€)9:7S (€W (1)80-0 auaxolAdoyno
(Lot (€)g€0 (€)52°0 (2)9L LYy (Lot (L)6°0¥% (G)\V (9)L¥9-0 aUIAIIO
89620 |enpisay

(£)9-00L (v)ov-0 (L)L (L)ezL (L)8-LL (1)0'6 (2)87L (6)28°0 (2)E67 (S)V (2)€2°0 sse|n
(9)o-LoL (r)EL-L (2)9¢ (€)v-0e (1)6:9 @)Ly (r)vL-0 (€)6'7S eV (€)zL-o auaxolAdoyuQ
(L)LotL (2)5€°0 (6)9€°0 (@) Ly (2)eLL (2)Lov (S)V (21790 aUIAIO
‘pru sse|H

(2)8-€0L (2)se (G)¥00 (€)o-8L (2)9-0L (2)9v (€)52°0 (2)5°0 (S)IV |oulds
(9)€'66 @n-L (1)2°0 (21191 (L)5-8L (LY00  (P)ELy (6)6'9 (6)G1°0 (2)ELS (e auaxoidoul|n
(¢)v-66 (¥)v6:0 (v)g-¢ (¢)L-62 (6)eL-0 (LL-L (9)v-9 (9)ez-0 (v)L-€s (§2)7 auaxolAdoyuQ
(€)v-LoL (2)z0 (2)81-0 (L)G Ly (B)EL0 (L)8-LL (L)z-0v (2M4 BUIAIO
86LL0 |enpisay

(v)€-86 (9)7°0 (Q)sv'L  (8)6L0L  (L)8Z°€EL (€)€L0 (1)0'6 (e)6L€L (1)2S0 (2)L-09 (G (L)ev-0 sse|n
(L)9Y°66 (1)18°0 (0)50°0  (L)L6°L (e)eze (5)80°0 (L)€9 (5)56°C (0)LL0 (v)v-GS (v (2)¥00 auaxoiAdoyuo
(6)5'66 (2)zL0  (1)8€0 (¥)82°0 (2)0'87 (r)zL-0 (1)L-0L (8)8€-0¥ 2\ (1)€5-0 auIAllO
L6800 lenpisay

(e)e-00L (G)ov+0 (2)veL (L)S'LL  (B)E0°EL (€)EL 0 (1)6'8 (L)5vL (2)69°0 (L)7-67 (S)V (6)79€-0 sse|9
(9)e-L0L (G)50°0  (B)¥L'L (0)50°0 (144 (v)eLe (@)LLo (1)L9 (2)9°€ (¥)80°0 (9)8'7S (G)V (L)LL-o suaxosAdoyuo
(7)L-00L (2)6L'0  (9)9g-0 (2)zg0 (@)L Ly (L)zL0 (2)0-LL (2)e-0¥ (G (6)825°0 auIAIO
aqo.d OIN f04D O%eN 0oed obi Oun 0°4 fOV ‘o1L ‘oIS adA| an aseyd

90€V-L

86211

L62Y-1

€eov-L

€8ly-1

8LEY-L

‘ou uny

panuguos 1 quy,

2372



FALLOON et al.

Table 5: H,0 contents of ‘nominally

anhydrous’ experimental glasses

Run no. T Anhydrous  %H,0 Hydrous
(°C) T (°C) T (°C)
Falloon & Green (1987), Series A
T-1511 1220 1277 0-50 1219
T-1478 1225 1322 0-44 1266
T-1480 1275 1367 0-69 1302
Falloon & Green (1987), Series B
T-2113 1375 1327 0-08 1296
T-2138 1350 1299 0-08 1268
Peridotite melting experiments
T-4301 1450 1496 0-10 1461
Crystallization experiments
T-4320 (T-2113) 1340 — 0-06 —
T-4300 (T-2113) 1325 — 0-05 —
T-4282 (T-2140) 1350 — 0-07 —
T-4283 (T-2140) 1338 — 0-07 —
Peridotite reaction experiments
T-3629 1375 1370 0-04 —
T-3980 1325 1310 0-15 —
T-3981 1325 1321 0-15 —
TFB-11 1314 1380 0-65 1316
TFB-12 1314 1371 0-66 1307
T-4284 1344 1349 0-14 —
T-4318 1330 1355 0-04 1331

Temperature (°C) is the nominal run temperature. Anhydrous
temperature (°C) is the OLT calculated using the olivine
geothermometer of Ford et al. (1983). Hydrous temperature
(°C) is calculated using the empirical expression of Falloon
& Danyushevsky (2000).

made this comparison in two ways. First, we have used
the method of RWBY98 to demonstrate that there is no
significant difference between calculated % when using
either the proportions of solid phases in the actual bulk
composition or those calculated by mass balance for the
peridotite of interest (compare columns 6 and 7, Table
6). The close matching of these results demonstrates that
the addition of the reactant to the peridotite of interest
has simply increased the amount of liquid present in the
experiment, and has not significantly affected the modal
proportion of any other phase. Second, we have cal-
culated the solid residue composition using the %F cal-
culated by the RWB98 method (column 7, Table 6) and
the analysed melt for each reaction experiment and
performed mass balance calculations for the residue using
the solid phases only. In every case except run TFB-12
(Table 6) we are able to demonstrate positive phase
proportions and a very low residual sum (column 8,

PERIDOTITE MELTING AT 1 GPa

Table 6). This indicates that the compositions of the solid
phases are appropriate for the residue of the peridotite
of interest at the stated P and 7. In the case of TFB-12,
the composition of the added reactant was significantly
different (as reflected in a residual sum for the residue
of >1; see column 8, Table 6) from the expected equi-
librium melt of the peridotite of interest so that it has
resulted i an equilibrium phase assemblage for a com-
pletely different peridotite composition (see further dis-
cussion below). As with direct melting experiments the
%I for TQ was calculating by multiplying the values in
column 7, Table 6, by 0-6.

In general, it 13 recommended that the above three
steps should be applied to all experimental peridotite
melting and reaction experiments. In our experience,
mass balance with positive phase proportions with a very
low residual sum is the most rigorous test of equilibrium,
good analytical data and appropriateness of the results
of peridotite reaction experiments to petrogenetic mod-
elling. The method of RWB98 should not be applied to
experimental data that do not satisfy the above general
criteria. This is because their technique will produce a
result for %F regardless of the quality of mass balance
and may also calculate positive %JF for mass balance
calculations that demonstrate negative melt phase pro-
portions. In these cases, the RWB98 results are internally
contradictory.

EXPERIMENTAL RESULTS
Crystallization experiments
In this study, we have chosen to perform reversal ex-
periments on the highest temperature liquid compositions
identified by KG92 as anomalous (T-2140, 1400°C; T-
2113, 1375°C) from the FG87 dataset. In Fig. 2, we
project these two compositions into the molecular norm-
ative basalt tetrahedron and compare them with cal-
culated equilibrium melt compositions using the
equations of KG92. The calculated melt compositions of
KG92 compared with the experimental glass com-
positions have significantly higher normative olivine and
lower normative diopside contents (Fig. 2). Also shown
in Fig. 2 are the reanalysed glass compositions normalized
to the international glass standard VG-2, and the original
basalt compositions placed as the melt component in the
sandwich experiments of FG87. In the case of T-2140,
the basalt reactant was MORB glass DSDP3-18-7-1 and
for T-2113 it was the calculated equilibrium melt at
1300°C for Tinaquillo Lherzolite from the study of Jaques
& Green (1980).

Crystallization experiments on T-2113 and T-2140 are
presented in Tables 2 and 3. In both cases the glass
compositions are liquids at the stated P and 7 of the
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Table 6: Results of %Y calculations on Tinaquillo Lherzolite (TQ-40) and MORB Pyrolite (MPY-87) at
1 GPa

No.  Run no. T (°C) Bulk compositions Peridotite of interest

1 2 3 4 5 6 7 8 9
%F Residual  %F %F Residual  %F %F Residual®  %F
(Petmix) (RWB) (Petmix) (RWB)' (RWB)? TQ

Tinaquillo Lherzolite

Direct melting experiments on TQ-40

1 T-4301 1495 n.a. n.a. n.a. 59.8(3) 0-0747 n.a. 60-5(3) n.a. 36-3
2 T-4014 1411 n.a. n.a. n.a. 45.0(9) 0-0963 n.a. 41-4(4) n.a. 24.8
3 T-4304 1409 n.a. n.a. n.a. 40-5(8) 0-0532 n.a. 39:9(3) n.a. 23.9
4 T-4081 1381 n.a. n.a. n.a. 35.5(6) 0-0456 n.a. 35-3(2) n.a. 212
5 T-3976 1349 n.a. n.a. n.a. 30-5(6) 0-0126 n.a. 28(1) n.a. 16-8
6 T-4126 1314 n.a. n.a. n.a. 24.9(3) 0-0023 n.a. 23-9(4) n.a. 14-3
Reaction experiments using TQ-40
7 T-3629 1370 48-3(4) 0-0130 48-4(3) 35(1) 0-1163 36-2(3) 34.8(5) 0-2761 209
8 TFB-11 1380 49(1) 0-1840 47-0(3) 35(1) 0-1071 34-8(3) 34-4(4) 0-3038 20-6
9 TFB-12 1371 49(1) 0-0917 48-9(3) 33(2) 0-4753 35-0(3) 33.7(4) 1-0944 20-2
10 T-4080 1344 67-1(5) 0-0302 67-2(3) 33(1) 0-1238 36-0(2) 32-3(4) 0-3543 19-4
1 T-4321 1359 46:7(2) 0-0046 46-8(3) 29-5(8) 0-0699 28-5(3) 29:4(3) 0-1421 176
12 T-4125 1325 52.9(4) 0-1840 52.5(4) 26(1) 0-0576 24-1(4) 23-2(6) 0-3151 139
13 T-3980 1310 31-6(6) 0-0195 29-5(4) 21-0(6) 0-0219 20-4(4) 19-9(4) 0-0661 119
14 T-3981 1321 35.0(3) 0-0032 34-8(3) 22(2) 0-1951 24.0(3) 20-8(6) 0-3380 12:5

MORB Pyrolite

Direct melting experiments on MPY-87

15 T-4306 1441 n.a. n.a. n.a. 37-3(2) 0.0313 n.a. 37-3(4) n.a. n.a.
16 T-4298 1371 n.a. n.a. n.a. 28-0(7) 0-0367 n.a. 28-1(4) n.a. n.a.
17 T-4297 1328 n.a. n.a. n.a. 23(2) 0-2968 n.a. 23-1(4) n.a. n.a.
Reaction experiments using MPY-87

18 T-4183 1363 42(1) 01198 43.7(2) 28-9(6) 0-0351 28-6(2) 28-7(1) 0-0696 n.a.
19 T-4318 1355 36:4(9) 0-0897 37-7(2) 26(1) 0-0055 26-4(2) 26-5(2) 0-1199 n.a.
20 T-4284 1349 35(1) 0-1164 35-3(4) 25(1) 0-0613 24-8(4) 25.0(4) 0-1118 n.a.
21 T-4296 1336 50(1) 0-1709 50-0(2) 24(1) 0-1143 23.7(2) 24.5(2) 0-2009 n.a.
22 T-4338 1330 54(1) 0-0921 53(2) 25.1(8) 0-0674 24.0(1) 23(1) 0-2375 n.a.
23 T-4324 1325 32(1) 0-0165 31(1) 20-1(1) 0-0162 19(1) 20(1) 0-0259 n.a.

‘RWB’ refers to Robinson et al. (1998). Numbers in columns 3, 6 and 7 are the average weighted mean %F calculated using
the method of Robinson et al. Numbers in parentheses in columns 3, 6 and 7 are the standard error on the %F calculation
of those workers; e.g. 35-2(9) refers to 35-2 with a standard error of +0-9. ‘%F (Petmix)’ refers to the %F calculated by least-
squares linear regression using the software Petmix. Numbers in parentheses in columns 1 and 4 are 1o in terms of the
last units cited; e.g. 59-8(3) refers to 59-8+0-3. ‘Residual’ refers to the sum of the squares of the residuals for the Petmix
calculation. ‘%F (RWB)" refers to %F calculated using the solid modes present in the actual experiment of interest as
determined by Petmix, and ‘%F (RWB)? refers to the %F calculated using the solid modes present in the peridotite of interest
as determined by Petmix (see text for details). ‘Residual® refers to the sum of the squares of the residuals for the Petmix
calculations using the residual crystals in the experiment and the calculated residue composition for the peridotite of
interest. The %F values in column 7 were used to calculate the residue composition. Column 9 lists the calculated %F (0-6
x %F in column 7) for Tinaquillo Lherzolite (TQ, Table 1, not the minus 40 wt % olivine composition TQ-40). In the case of
direct melting experiments, bulk compositions and peridotite of interest are equivalent so results are presented only in
columns 4-9. Temperature (°C) is the calculated OLT using the Ford et al. (1983) geothermometer (Tables 2 and 3).
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Fig. 1. %F calculated by least-squares linear regression (using software Petmix) vs the average weighted mean %# calculated using the method
of Robinson et al. (1998). @, results for the peridotite of interest (column 4 vs column 7, Table 6); O, results for the bulk compositions of

peridotite reaction experiments (column 1 vs column 3, Table 6).

original experiments (FG87) but their liquidus tem-
peratures are significantly lower and the liquidus phase
1s clinopyroxene. The results of our crystallization ex-
periments for T-2113 are identical to those obtained by
KG91, demonstrating agreement between the techniques
used in the various laboratories. To check for liquidus
depression by inadvertent access of HyO, we have meas-
ured H,O in four of these runs by FTIR spectroscopy,
finding <0-1% H,O (Table 5).

We have investigated the possibility of incorrect tem-
perature measurement by calculating the anhydrous ol-
wvine liquidus temperatures of the entire FG87, 88 dataset.
The calculated liquidus temperatures are compared with
experimental temperatures in Fig. 2. Falloon & Dan-
yushevsky (2000) have demonstrated that the Ford e
al. (1983) olivine geothermometer can reproduce the
experimental olivine liquidus temperatures (OLT) of
anhydrous olivine-saturated liquids to within ex-
perimental uncertainty of +15°C. As can be seen from
Fig. 3 the reported experimental temperatures are either
too high (FG87, series A; FG88, series A) or too low
(FG87, series B), and this aspect 1s discussed further in
a later section. We have investigated the question of
compatibility of liquid and residual lherzolite mineralogy
by performing additional reaction experiments and direct
melting experiments on the MPY-87 and TQ-40 peri-
dotite compositions. The results of these experiments are
presented below.

The sandwich experiments performed by FG87 and
FG88 can be divided into three series (A, B and C; see
Appendix A). Both series A and B experiments used
graphite inner capsules with a platinum outer capsule.
However, the series A experiments used a larger graphite
capsule than the series B experiments. The series G
experiments (FG88 only) used graphite capsules only.
The series A and G experiments used a Pty /PtoRh;,
(Pt) thermocouple whereas the series B experiments used
a Wy;Re;/W;sRey; (W/Re) thermocouple. The tem-
peratures given by the tungsten/rhenium thermocouples
were accepted as correct by Falloon & Green (1987,
1988) and the temperatures of the series A and C
experiments were corrected (using an olivine mg-number
vs T correlation) to the temperatures defined by the series
B experiments, because of suspected drift of the Pt
thermocouple in the reducing environment of the high-
pressure piston-cylinder assembly (Holloway & Wood,
1988). In Appendix A, we report the original nominal
uncorrected run temperatures, as well as the ‘corrected’
temperatures of FG87, FG88, and the newly calculated
anhydrous and hydrous run temperatures based on the
olivine thermometer of Ford et al. (1983). From Fig. 3
and Appendix A, it appears clear that both access of
water (series A experiments) and use of W/Re vs Pt/Rh
thermocouples have resulted in incorrect temperature
determinations for experimental glasses in the FG87,
FG88 data.
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Fig. 2. Comparison of glass compositions from sandwich experiments (runs T-2140 and T-2113) from FG87 with calculated equilibrium melt
compositions using the parameterization of KG92 for melt compositions in equilibrium with a spinel lherzolite residual assemblage, and the
compositions of the initial reactants used in the sandwich experiments of FG87 in the molecular normative projection from Ol (a) onto the face
(Jd + CGaTs + Lc)-Di-Qz and from Di (b) onto the base (Jd + Cals + Lc)-Qz-Ol of the ‘basalt tetrahedron’ (FG88, see insert). O, glass
composition from run T-2140 (FG87); @, reanalysed glass compositions from run T-2140, this study (Appendix B); [, glass composition from
run T-2113 (FG87); W, reanalysed glass composition from run T-2113, this study (Appendix B); ¥r, MORB glass reactant DSDP3-18-7-1 used
in experiment T-2140; %, reactant CEPM 10/1300 (Table 1) used in experiment T-2113; crossed circle, calculated equilibrium melt using the
compositional parameters of the glass from T-2140 and the equations of Kinzler & Grove (1992); small [, calculated equilibrium melt using
the compositional parameters of the glass from run T-2113 and the equations of Kinzler & Grove (1992).

As can be seen from Fig. 3, the plotted data can be
broadly divided into three groups. Series A experiments
of FG87 and FG88 have higher calculated OLT than
the uncorrected experimental liquidus temperature—we
infer that this was due to water access (Table 5). Series
C and B experiments of FG88 have, in most cases,
calculated OLT equal to the uncorrected liquidus tem-
perature—we infer that the ‘uncorrected’ temperatures
were correct within experimental error. Most series B
experiments of FG87 have lower calculated OLT than
their experimental temperature (Fig. 3, Appendix A). Of
particular significance is that the T-2113 glass com-
position in experiments T-4320 and T-4300 has cal-
culated anhydrous OLT (1327°C) that is identical to its

experimentally determined liquidus within experimental
uncertainties (+ 15°C). Also, both the original T-2113
glass and the crystallization experiments (T-4320, T-
4300) on the T-2113 compositions have identical H,O
contents (~0:05-0-08 wt %, Table 5). These two ob-
servations support the hypothesis that the originally re-
ported (1375°C) liquidus temperature of run T-2113 was
anomalously high as a result of oxidation of the W/Re
thermocouple. Oxidation of the W/Re thermocouple
changes the e.m.f. of the thermocouple such that although
the displayed run temperature of the experiment is con-
trolled to within +1°, the actual temperature in the
experimental charge is lower, and falls with progressive
oxidation. If oxidation is rapid, then an obvious power
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Fig. 3. Calculated olivine liquidus 7 (Appendix A) using the olivine geothermometer of Ford ¢t al. (1983) vs the nominal run 7 (Appendix A)
for the nominally anhydrous glasses from the sandwich experiments of FG87 and FG88. @, series A experiments of FG87; O, series B
experiments of FG87; ©, series A experiments of FG88; crossed circles, series B experiments of FG88; <, series C experiments of FG88. (See

text for series definitions.)

decrease to the experimental assembly is observed. How-
ever, if oxidation is occurring slowly then it may not be
possible to observe any significant power decrease.

In contrast to T-2113, the glass composition from T-
2140 has a calculated OLT slightly lower (1319°C) than
its experimentally determined liquidus (~ 1338°C, Table
3). From Fig. 3 we infer that the problematic behaviour
of W/Re thermocouples at 1 GPa is not evident at >1
GPa (FG88, series B) and that series A experimental
techniques permitted a depression of the liquidus of
~50-70°C as a result of access of water (Table 5).

Reaction and melting experiments

Two new series of reaction and melting experiments
were performed using the MPY-87 and TQ-40 peridotite
compositions. Series D reaction and melting experiments
were performed to test whether despite the uncertain
temperature of experiments T-2113 and T-2140, the
glass compositions from runs T-2113 and T-2140 still
represent equilibrium melts of TQ-40 and MPY-87,
respectively, at temperatures to be determined. The series
E reaction and melting experiments were performed over
a temperature range at 1 GPa as part of our evaluation
of the sandwich technique as a reliable method for
determining equilibrium mantle melt compositions.

Series D reaction and melting experiments

The results of the series D reaction experiments (Table
3 and 4) are presented in Figs 4 and 5. We first performed
reaction experiments at the stated temperature (i.e. ‘cor-
rected’ 7') of FG87 for both T-2113 and T-2140. In the
case of T-2140, we used the synthetic mix of the T-2140
composition, and in the case of T-2113, we used the
calculated equilibrium melt from Jaques & Green (1980)
(CEPM 10/1300). In both cases (run T-3629, Table 2,
Fig. 4; run T-4083, Table 3, Fig. 5) the residue was not
spinel lherzolite but either harzburgite (T-3629) or dunite
('T-4083). In addition, the resultant glass compositions
after reaction are significantly different from both T-
2113 and T-2140 (Figs 4 and 5). The results of these
experiments indicate that both T-2113 and T-2140 are
not equilibrium melts of TQ-40 or MPY-87 respectively
at the stated P and T of FG87, consistent with the
conclusions of KG91, KG92. We also performed reaction
experiments at the caleulated OLT of both T-2113
(1327°C) and T-2140 (1319°C) to test whether these glass
compositions are in equilibrium with a spinel lherzolite
residue (as observed in the experiments of FG87, but at
lower temperatures).

In run T-3635 (at 1325°C, 1 GPa), we reacted the
CEPM 10/1300 composition with TQ-40 and obtained
a glass in equilibrium with spinel lherzolite. As the glass
composition is identical to T-2113 (Table 2, Fig. 4), we
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Fig. 4. Comparison of glass compositions from series A peridotite melting and reaction experiments on TQ-40 (Table 2) with the glass
composition from run T-2113 in the molecular normative projection from Ol (a) onto the face (Jd + CaTs + Lc)-Di-Qz and from Di (b)
onto the base (Jd + CaTs + Lc)-Qz-Ol of the ‘basalt tetrahedron’. O, glass compositions from direct melting experiments T-4126 and T-
4081; <, glass compositions from reaction experiments T-3635 and T-3629; %, initial reactant composition CEPM 10/1300 (Table 1) used in
the series A reaction experiments; [, reanalysed glass composition from run T-2113, this study (Appendix B); [, glass composition from run

T-2113 (FG87).

infer that T-2113 1s indeed an equilibrium melt of TQ-
40 at a corrected temperature of ~1325°C. To further
test this conclusion, we performed two reversal ex-
periments using the TQ-40 composition, without the
basalt layer. In run T-4126, we held the TQ-40 com-
position at 1500°C for 1 h before bringing the run
temperature to 1325°C. A high-temperature olivine +
liquid phase assemblage recrystallized to a lower-tem-
perature spinel lherzolite + liquid assemblage, over a
24 h period. As can be seen from Fig. 4, the glass in run
T-4126 is almost identical to the glass composition from
run T-2113 and T-3635. In a similar manner, run T-
4081 was initially held at 1500°C for 1 h before tem-
perature was lowered to 1375°C. Run T-4081 resulted
in a harzburgite residue and a glass (Fig. 4) that is very
similar to the glass in run T-3629. In summary, our

crystallization, reaction and direct melting reversal ex-
periments demonstrate that run T-2113 is an equilibrium
melt of TQ-40 at 1325°C leaving a lherzolite residue
and that the equilibrium assemblage of TQ-40 at 1375°C
1s harzburgite + liquid (see Table 4).

For the MP-87 composition, in run T-4296 we reacted
the T-2140 composition at its experimentally determined
liquidus of 1338°C and in run T-4324 we reacted the
T-2140 composition at its calculated OLT (1320°C)
(Table 3). Run T-4296 resulted in a harzburgite residue
and run T-4324 resulted in a spinel lherzolite residue.
As can be seen from Fig. 5b, the glass compositions from
both T-4296 and T-4324 are significantly different from
the glass in run T-2140, suggesting that run T-2140
did not achieve equilibrium during thermocouple and
temperature drift in the original experiment. In summary,
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Fig. 5. Comparison of glass compositions from series A peridotite reaction experiments on MPY-87 (Table 3) with the glass composition from
run T-2140 in the molecular normative projection from Ol (a) onto the face (Jd + CaTs 4 Lc)-Di-Qz and from Di (b) onto the base (Jd +
CaTs 4+ Lc)-QzOl of the ‘basalt tetrahedron’. [, glass compositions from reaction experiments T-4324, T-4296 and T-4083; @, reanalysed
glass composition from run T-2140, this study (Appendix B); O, glass composition from run T-2140 (FG87).

our reversal experiments on the T-2140 composition of
FG87 demonstrate that it is not an equilibrium melt of
MPY-87 composition, as there is a consistent shift in
composition when it is reacted at its stated 7 (1400°C),
its experimentally determined liquidus (1338°C) and at
its calculated OLT (1320°C).

The contrasting results from our reversal experiments
on the T-2113 (equilibrium) and T-2140 (non-equi-
librium) glass compositions provide insight into the FG87
dataset that used the W/Re thermocouple. All the runs
(nine experiments, see Appendix A) of that study, except
one (T-2078, which was initially overpressed to 2 GPa),
performed using the W/Re thermocouple have suffered
varying degrees of temperature drift to lower values (as a
result of oxidation?) during the course of the experiments
(average 1-8 + 0-8°C/h). Thus ‘true’ run temperatures
are significantly lower than published by FG87 (see
Appendix A). Because those workers used fine-grained

synthetic starting materials, equilibrium between crystals
and melts was, in most cases, maintained during this
progressive temperature drop, resulting in fully equi-
librated and homogeneous run products, as demonstrated
by the reversal experiments on the T-2113 composition
at 1325°C. On the basis of our results, the most important
factor determining whether a bulk composition maintains
equilibrium despite progressive temperature fall as a
result of oxidation of the W/Re thermocouple is not the
absolute temperature fall, but the rate of fall. In our
experience, runs with >2:6°C/h temperature drop owing
to oxidation of the W/Re thermocouple should be treated
with caution. In the case of the FG87 series B experiments,
both runs T-2140 and T-2123 suffered rates of decrease
>3-5°C/h. In these two experiments, the glass has failed
to maintain equilibrium with olivine as temperature has
declined, as demonstrated by reversal experiments on
the T-2140 glass composition.
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Fig. 6. Comparison of glass compositions from series B peridotite melting and reaction experiments on TQ-40 (Table 2) in the molecular
normative projection from Ol (a) onto the face (Jd + CaTs + Lc)-Di-Qz and from Di (b) onto the base (Jd + CaTs + Lc)-Qz-Ol of the
‘basalt tetrahedron’. @, glass compositions from direct melting experiments on TQ-40; &, glass compositions from peridotite reaction experiments
on TQ-40; %, compositions of initial reactants in the peridotite reaction experiments (Table 1); crossed square in (a), composition of TQ-40;
dashed line, equilibrium mantle melting cotectic for TQ-40 at 1 GPa based on the results of this study and T. J. Falloon (unpublished data,
1999); filled field labelled MORB encloses the compositions of 50 primitive glasses mg-numbers > 0-68 (for data sources see caption to fig. 4 of

FG87).

Series I reaction and melting experiments

To evaluate the sandwich technique as a suitable method
for determining mantle melt compositions at 1 GPa
independent of the thermocouple drift problems, ad-
ditional peridotite reaction experiments were performed
on the MPY-87 and T(Q-40 compositions to compare
with the results of direct melting experiments (Tables 3
and 4). In the case of T(Q-40, basalt compositions of
significantly different normative compositions (10/1300,
5/1250, 15/1350 and T-2113, Table 1) were used. In
the case of MPY-87, the T-2140 composition was used
(Table 3). The rationale of the series E reaction ex-
periments was to demonstrate that using different basaltic

layer compositions (but all derived from TQ-40 at a
different P, 7 condition), the resulting glass compositions
defined the same mantle melting cotectic as defined by
direct melting experiments on the respective peridotite
compositions (Tables 3 and 4). The results of the series
E experiments are presented in Figs 6-9. In view of the
potential uncertainties caused by the possible presence
of H,O in nominally anhydrous experimental glasses and
thermocouple drift during experiments, we have used
the calculated anhydrous olivine liquidus temperatures
(using Ford et al., 1983) for comparative purposes in Figs
8 and 9. As can be seen from Figs 6 and 7, the glass
compositions from the reaction experiments (with the
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Fig. 7. Comparison of glass compositions from series B peridotite melting and reaction experiments on MPY-87 (Table 3) in the molecular
normative projection from Ol (a) onto the face (Jd + CaTs + Lc)-Di-Qz and from Di (b) onto the base (Jd + Cals + Lc)-Qz-Ol of the
‘basalt tetrahedron’. @, glass compositions from direct melting experiments on MPY-87; O, glass compositions from peridotite reaction
experiments on MPY-87; %, compositions of initial reactant T-2140 in the peridotite reaction experiments (Table 1); half-filled circle in (a),
composition of MPY-87; dashed line, equilibrium mantle melting cotectic for MPY-87 at 1 GPa based on the results of this study and T. J.
Falloon (unpublished data, 1999); filled field labelled MORB encloses the compositions of 50 primitive glasses mg-numbers >0-68 (for data

sources see caption to fig. 4 of FG87).

exception of TFB-12) define the same cotectics as the
glass compositions from direct melting experiments on
the respective peridotite compositions. Attention is drawn
to the effects of changes in bulk composition (by mixing
TOQ-40 with different liquids) which shift the harzburgite
residue trends in the projection from olivine. As can be
seen from Fig. 8, the major element compositions of the
reaction and direct melting glasses define the same trends
with respect to temperature. Also, the direct melting
and reaction experiments define the same %JF trend
[calculated with respect to lherzolite compositions

MORB Pyrolite (mg-number 87) and Tinaquillo Lher-
zolite] with respect to temperature for the two peridotite
compositions (Fig. 9), indicating that there are no sig-
nificant differences in the residue compositions between
reaction and direct melting experiments. Run TFB-12,
although not anomalous in the projection from Di (Fig.
6b), has significantly lower normative D1 in the projection
from Ol (Fig. 6a). This simply reflects the fact that if the
initial reactant is not chosen carefully, the resultant bulk
composition may be unable to ‘buffer’ the differences
between the reactant and actual equilibrium melt
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Fig. 8. A comparison of the wt % SiO, (a), AL,O; (b), FeO (c), CaO
(d), Na,O (e), TiO (f) contents and mg-number values (g) vs temperature
(°C) between glass compositions from direct peridotite and peridotite
reaction experiments on TQ-40 and MPY-87. Symbols as for Figs 5
and 6. Temperature is the calculated OLT using the Ford et al. (1983)
geothermometer (Tables 2 and 3). mg-number = Mg/(Mg + Fe’™),
with total Fe calculated as Fe’*.
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composition for the model peridotite. In the case of

TFB-12, the reactant was a low normative Di glass
composition (CEPM 571250, Table 1) and the liquid in
equilibrium with harzburgite residue reflects the low
normative diopside content of the bulk composition.

DISCUSSION

Our aim in this study was to re-evaluate several ‘an-
omalous’ results identified by others in our earlier studies
(FG87, 88), and to understand the technical reasons for
these results. By these and additional experiments, we
provide here datasets for melt and residual mineral
compositions at 1 GPa on two lherzolite compositions,
MP-87 and TQ-40, which define progressive melting
from ~1300°C to 1450°C. The availability of such
quantitative data is a necessary step in both formulating
and evaluating generalized models of peridotite melting
that can be applied to different mantle compositions. In
carrying out this study, we confirm that uncertainties
and errors can be introduced into experimental studies
by difficulty in controlling access of water and by be-
haviour of thermocouples, particularly in drift to lower
temperature during oxidation of the W/Re thermocouple
at low pressure (<1-5 GPa).

H,0O contents of ‘anhydrous’ experiments

Falloon & Danyushevsky (2000) have demonstrated that
the Ford et al. (1983) olivine geothermometer can be
used to calculate the olivine liquidus temperatures for
anhydrous compositions to within +15°, and as can be
seen from TFig. 3 a number of experiments (FG88, series
B and C) have experimental and calculated liquidus
temperatures consistent with the Ford et al. (1983) re-
lationship. However, it is also evident from Fig. 3 and
Tables 2 and 3 that a number of experimentally de-
termined liquids have calculated OLT >15°C (including
runs T-1511, T-1478, T-1480, T-4301, TFB-11, TFB-
12 and T-4318) above their nominal run temperatures.
This effect could be explained by small amounts of H,O
in the experimental glasses. We have tested this by
analysing these glasses for HyO by FTIR spectroscopy,
and these results are presented in Table 5 and Fig. 10.
The analysed H,O contents of these glasses are consistent
with the expected olivine liquidus depression based on
the study by Falloon & Danyushevsky (2000), as can be
seen from Fig. 10. We also analysed for H,O some glasses
that had calculated OLT within 15°C of their nominal
temperatures (runs T-3629, T-3980, T-3981, T-4284).
The H,O contents of these glasses varied from 0-04 to
0-15 wt %. On the basis of the empirical relationship of
Falloon & Danyushevsky (2000), these H,O contents
should have resulted in a liquidus depression of between
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Fig. 9. The variation of the calculated %# (wt %) with temperature (°C}) for the peridotite compositions MPY-87 and Tinaquillo Lherzolite
(TQ, not the minus 40% olivine composition TQ-40). Symbols as for Figs 6 and 7. %/ is calculated by the method of Robinson et al. (1998)
(column 7, Table 6, for MPY-87; column 9, Table 6, for TQ ). Temperature is the calculated OLT using the Ford et al. (1983) geothermometer
(Tables 2, 3 and 6).
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Fig. 10. The calculated liquidus depression for runs T-1511, T-1478, T-1480, T-4301, TFB-11, TFB-12 and T-4318 vs analysed H,O in wt %
(Table 5). Dashed line, empirical expression for the olivine liquidus depression from Falloon & Danyushesvky (2000).

24 and 38°C. Possible explanations for the absence is a ‘background level’ of ~0:05% H,O contents in
of observable depressions are as follows: (1) as these nominally anhydrous experiments, present even in the
experiments all used the W/Re thermocouple, it is pos-  experiments of the dataset used by Ford et al. (1983) to
sible that the W/Re thermocouple suffered minor calibrate their olivine geothermometer. At present, we
amounts of oxidation (between—0-6 and 2°C/h); (2) there  do not have sufficient data to distinguish between these
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possibilities, and further FTIR analyses of H,O contents
of nominally anhydrous experimental glasses are required
(work in progress).

Evaluation of the sandwich technique

Our experimental study, utilizing fine-grained synthetic
starting materials, demonstrates that the sandwich tech-
nique is an effective approach for determining the com-
positions of mantle melts and important petrogenetic
parameters such as the variation of % F'with temperature.
Our experimental study also demonstrates the utility of
the olivine geothermometer of Ford e al. (1983), com-
bined with FTIR analysis of H,O in experimental glasses,
in evaluating thermocouple performance during mantle
melting experiments. Some of the criticisms of the sand-
wich technique are based on misconceptions of the con-
cept of ‘multiple saturation’ or on disagreements among
peridotite melting studies using natural mineral mixes as
starting materials. For example, Hirose & Kushiro (1993),
using the diamond aggregate technique, criticized the
sandwich technique because their experimental results
differed from those of Takahashi & Kushiro (1983) for
the same peridotite composition HK-66. Both studies
used natural mineral mix starting materials, and, as
demonstrated by Falloon et al. (19994), such studies are
likely to produce erroneous results no matter what tech-
nique is used (.e. direct melting, diamond-aggregate
entrapment, sandwich).

The recommended approach is to perform direct melt-
ing experiments first on a fine-grained, sintered mix of
the composition of the peridotite of interest, establishing
the composition of residual phases and an estimate (in-
cluding mass balance) of the liquid composition and
phase projections. This estimated melt composition can
then be used as a reactant in sandwich experiments, with
the expectation that a large pool of liquid, free of quench
modification, will be present, along with residual phases
matching those of the forward experimental work with
intergranular (quench-modified) melt of the same com-
position as in the layer.

Melt compositions at 1 GPa

Projection of bulk compositions and melt compositions
into the ‘basalt normative tetrahedron’ illustrates that the
lower temperature melting trend is constrained to lie on
an olivine + orthopyroxene + clinopyroxene (+ Cr
spinel) cotectic and the shift of liquid compositions onto
olivine + orthopyroxene cotectics occurs (as expected)
at higher temperatures. The effect of varying bulk com-
position (by addition of the basaltic sandwich layer) in
controlling the harzburgite trend is well illustrated in the
projection from olivine (Fig. 6a, especially run TFB-12).
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In the plots of oxides vs temperature [Ford ef al. (1983)
temperature at 1 GPa], only CaO (Fig. 8d) shows change
in slope as the residue changes from lherzolite to harz-
burgite. The differences in slopes of the SiO,, FeO vs
temperature plots of the MPY-87 and TQ-40 com-
positions reflect the different mg-number and FeO con-
tents of the two compositions. The difference in
refractoriness between the two compositions is also ap-
parent in Fig. 9, where, at 1320°C, the melt fraction
present in the Tinaquillo Lherzolite composition is 11—
14%, whereas it is 20-23% in the MORB Pyrolite
composition. However, within the 10-40% melting
range, the rate of increase of melt fraction with rise in
temperature 1s very similar for the two compositions and
largely represents solution of olivine + orthopyroxene
+ minor spinel.
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P Nominal run ‘Corrected’ Calculated H,0 Calculated
(GPa) T (°C) T (°C) anhydrous (wt %) hydrous
run T (°C) run T (°C)
Series A (Pt/Rh thermocouple)
Falloon & Green (1987)
T-1511 1-0 1220 1310 1273 05 1215
T-1472 1.0 1250 1350 1308
T-1493 1-0 1225 1350 1294
T-1478 1-0 1225 1400 1306 0-44 1250
T-1464 1-0 1300 1420 1351
T-1480 1-0 1275 1420 1357 0-69 1292
T-1461 1-0 1250 1420 1357
Falloon & Green (1988)
T-1516 0-8 1225 1350 1276
T-1512 0-8 1250 1400 1306 0-4 1252
T-1479 1.2 1305 1450 1376 0-33 1326
T-1515 2-0 1455 1420 1434
T-1501 2.0 1380 1430 1441
T-1513 2.0 1405 1450 1440 0-63 1377
T-1499 2.0 1430 1475 1425
Series B (W/Re thermocouple)
Falloon & Green (1987)
T-2123 1.0 1350 1350 1286
T-2140 1-0 1400 1400 1301
T-2113 1-0 1375 1375 1315 0-08 1284
T-2117 1-0 1325 1325 1286
T-2133 1-0 1350 1350 1296
T-2121 1-0 1350 1230 1277
T-2078 1-0 1300 1300 1278
T-2138 1-0 1350 1350 1299 0-08 1268
T-2136 1.0 1350 1350 1319
Falloon & Green (1988)
T-2189 1-2 1400 1400 1365
T-2192 1.5 1450 1450 1416
T-2056 1.5 1450 1450 1430
T-2069 2.0 1500 1500 1494
T-2207 2.0 1500 1500 1500
T-2086 2.5 1550 1550 1540
T-2065 3.0 1600 1600 1591
T-2075 3.0 1620 1620 1610
T-2087 35 1600 1600 1640
Series C (Pt/Rh thermocouple)
Falloon & Green (1988)
T-1994 1-2 1300 1375 1321 0-04 1297
T-1989 1.5 1300 1360 1343
T-1999 1.5 1350 1420 1380
T-2029 1-8 1400 1370 1398
T-2031 1.8 1450 1450 1428

Anhydrous temperature (°C) is the OLT calculated using the olivine geothermometer of Ford et al. (1983). OLT values are
calculated using the reanalysed glass compositions in Appendix B if available, otherwise the original glass composition as
reported in FG87 and FG88 is used. ‘Corrected’ temperatures are those reported originally in FG87 and FG 88. Pt/Rh refers
to the Pt/Pty,Rh,, thermocouple. W/Re refers to the W,sRe,s/Ws,;Re; thermocouple. Hydrous temperature (°C) is calculated

using the empirical expression of Falloon & Danyushevsky (2000). H,0 wt % determined by FTIR spectroscopy.
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Run no.

Falloon & Green (1987)

T-1511

T-1472

T-2123

T-1493

T-1478

T-2140

T-1464

T-1480

Phase MB Sio, TiO, Al,O, FeO MnO MgO CaO Na,O K,O Cr,0,
Olivine 0-56 40-41 1215 47.54

Orthopyroxene 0-19 53.01 0.28 6-47 7-47 0-10 29-43 2.46 0-10 0-69
Clinopyroxene 0-12 50-88 0-60 6-86 4.45 0-05 17.78 18-02 0-47 0-88
Spinel 0-01 018 0-23 57-68 10-12 0-09 20-53 0-06 111
Glass* 012 50-58 0-84 19.07 7-10 8-35 10-42 342 0-11
Residual 0-0047

Olivine 0-54 4074 0-22 11.22 47-60 0-24
Orthopyroxene 0-16 53.53 5.61 6-80 30-33 2.82 0.91
Clinopyroxene 0-07 50-82 0-35 7-27 5.03 0-15 19.03 16-08 0-46 0-81
Spinel 0-01 0-35 0-89 47-88 10-91 19-82 0-12 19-98
Glass 0-21 50-20 0-65 17.21 7-68 10-50 11-60 2.18

Residual 0-0008

Olivine 0-51 40-51 11.51 47.76 0-21

Orthopyroxene 0-11 53-56 0-19 5.45 6-93 30-12 2-92 0-82
Clinopyroxene 0-06 5119 0-31 717 4.58 0-12 18.71 16-85 0-32 1.20
Spinel tr. 0:-16 0-21 48-24 10-45 19-39 0-06 21-41
Glass* 0-31 50-18 0-78 1713 7-83 0-11 9.78 11-84 217 0-19
Residual 0-0093

Olivine 0-42 40-18 11-86 47-19 0-40

Orthopyroxene 0-13 5291 0-21 5.44 7-42 2991 2-93 0-09 0-95
Clinopyroxene 0-05 51.54 0-34 6-47 4.62 0-14 18-90 17-38 0-38 0-24
Spinel tr.

Glass* 0-41 50-20 0-76 17-30 7-63 10-01 11-80 216 0-09
Residual 0-2371

Olivine 0-55 40-40 10-81 48.20 0-29 0-30
Orthopyroxene 0-12 54.38 3-80 6-84 31-05 2-79 1-14
Clinopyroxene 0-01 52.26 0-24 5.86 5.44 2167 13.28 0-24 1-00
Spinel tr.

Glass* 0-31 50-52 0-68 16-08 7-80 0-12 10-68 12.01 1-90 0-21
Residual 0.0783

Olivine 0-51 40-79 10-68 48.02 0-28 0-23
Orthopyroxene 0-04 54.24 4-89 6-49 30-38 2-64 1-36
Clinopyroxene 0-01 51.44 0-27 6-32 4.82 0-07 19-61 15-43 0-36 1.57
Spinel tr. 0-22 36-12 11-10 18-58 33.99
Glass* 0-43 50-50 0-70 15-80 7-89 10-50 12.32 1-89 0-28
Residual 0-0335

Olivine 0-54 40-44 10-19 48.97 0-20 0-20
Orthopyroxene 0-08 55.50 2-98 6-35 32.13 217 0-86
Glass* 0-38 49.84 0-64 15-05 834 0-11 12-65 11-48 1.65 0-24
Residual 0-2409

Olivine 0-56 40-52 10-32 48-68 0-21 0-27
Orthopyroxene 0.06 55.03 2.98 6-67 31.82 2.35 1.15
Glass* 0-37 50-20 0-64 14.61 849 0-09 12.87 1113 1.64 0-31
Residual 0-0746
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Run no. Phase MB Sio, TiO, Al,O4 FeO MnO MgO CaO Na,O K,0 Cr,04

T-1461 Olivine 0-55 40-59 10-39 48.57 0-21 0-24
Orthopyroxene 0-03 54.64 4.14 6-49 3118 2-51 1-03
Glass* 0-41 50-55 0-64 14.22 825 0-11 12-88 11-26 1-69 0-40
Residual 0-0699

T-2113 Olivine 0-328 4073 982 48-84 0-40 0-22
Orthopyroxene 0-212 54.89 4.02 5.568 31-41 2.73 1.36
Clinopyroxene 0-043 51-96 0-19 5-83 4.57 20-84 15.03 1-59
Spinel tr. 0-71 0-11 29.72 1127 16-73 0-27 40-57
Glass* 0-41 50-17 0-42 15-43 7-68 11-46 13-05 1-21 0-26
Residual 0-0087

T-2117 Olivine 0-27 40-22 12.84 46-67 0-27
Orthopyroxene 0-21 54.53 0-59 4-12 7-22 29-87 2-53 1-15
Clinopyroxene 0-10 5113 1-40 5.92 5.64 1946 14.57 0-37 151
Glass* 0-41 50-42 3-38 15-56 815 0-13 822 9-70 3-48 0-76 0-15
Residual 0-0249

T-2133 Olivine 0-51 40-84 10-08 48-65 0-21 0-22
Orthopyroxene 0-09 54.06 0.22 7-26 6-33 29-19 2.51 0-43
Clinopyroxene 0-11 51.29 0-30 7-00 4-05 19-18 16-81 0-24 1-14
Spinel tr. 48-39 9-46 20-58 21.57
Glass* 0-28 50-01 0-68 17-36 7-13 10-24 12-22 2.05 0-13
Residual 0-0458

T-2121 Olivine 0-26 40-69 12-40 46-42 0-36
Orthopyroxene 0.21 53.27 0-26 6-79 7-45 28-85 2.74 0-13 0-41
Clinopyroxene 0-22 50-99 0-34 7-33 4.28 0-04 18-47 16-97 0-37 1-08
Spinel tr. 0-31 55.86 10-72 2153 0-38 1117
Plagioclase 0-09 52.21 3061 0-19 13-60 3-39
Glass* 0-20 50-06 1-08 18-00 800 9-00 1120 2.70
Residual 0-0154

T-2078 Olivine 0-28 40-63 10-44 48.-66 0-27
Orthopyroxene 0-24 54.01 0-23 5.88 6-16 30-14 2-93 0-66
Clinopyroxene 0-15 50-62 0-36 7-38 4.09 0-07 18.37 17-50 0-50 1-10
Spinel 0-01 0-27 0-16 53.73 9-80 20-50 0-16 15-30
Glass* 0-30 49.70 0-88 19-14 7-00 9-11 11-40 268
Residual 0-0105

T-2138 Olivine 0-33 41.18 10-03 48.53 0-27
Orthopyroxene 0-08 53.74 0-11 5.56 6-38 30-45 2.02 0-05 0-65
Clinopyroxene 0-09 5111 0-27 6-37 4.37 0-06 1948 16-71 0-34 1-30
Spinel tr. 0-31 0-23 39.99 10-52 18.78 0-22 2984
Glass 0-49 50.73 0-71 17-68 6-67 10-19 11.71 219
Residual 0-0954

T-2136 Olivine 0-44 40-96 9.22 49.59 0-24
Orthopyroxene 0-07 54.25 4.31 5.33 32-43 217 1-51
Clinopyroxene 0-04 50-20 0-51 7-82 3.85 0-18 18-34 17-46 0-46 119
Spinel tr. 0-23 0-18 38.76 9-85 18-98 0-21 3163
Glass 0-45 50-69 0-70 16-81 6-53 11-14 12-04 1.97
Residual 0-0117
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FALLOON et al.

PERIDOTITE MELTING AT 1 GPa

Run no.

Falloon & Green (1988)

T-1516

T-1512

T-1479

T-1994

T-2189

T-1989

T-1999

T-2192

T-2056

T-2029

Phase MB SiO, TiO, Al,O; FeO MnO MgO CaO Na,O K,O Cr,0;
Olivine 0-61 40-23 10-78 48-51 0-24 0-24
Orthopyroxene 0-11 54.23 4.01 6-76 30-91 2.96 113
Clinopyroxene tr. 51.42 0-29 5.66 4.33 19-36 17-05 0-24 1-64
Glass* 0-28 51-00 0-78 16-30 7-49 9-90 12-20 200 0-38
Residual 0-1333

Olivine 0-65 40-68 10-11 48.70 0-19 0-32
Orthopyroxene tr. 55.00 3.42 6-66 31-40 2.30 1.22
Glass* 0-36 52.36 0-69 14.43 7-94 0-10 1112 11-20 1.68 0-48
Residual 0-1900

Olivine 0-56 40-79 10-12 48-88 0-22

Orthopyroxene 0.07 53.91 4.07 6-45 31-89 2.66 1.02
Glass* 0-36 49.71 0-64 14.38 8-69 0-10 13.22 11.30 1.69 0-28
Residual 0-2269

Olivine 0-36 41.24 943 48.82 0-32 0-19
Orthopyroxene 0-13 53-87 5.74 5.42 30-81 2-46 1-69
Clinopyroxene 0-13 52.81 0-19 6-16 4.92 23.70 10-69 1-564
Glass* 0-38 49.72 0-74 17-50 6-77 10-91 12-02 2.01 0-37
Residual 0-0066

Olivine 0-30 41.25 9.06 49.25 0-37

Orthopyroxene 0-15 54.86 0-14 4.27 5.49 31.28 248 0-11 1-36
Spinel tr. 0-33 0-20 33-51 10-13 18-41 0-15 37-14
Glass* 0-54 49.94 0-69 15-08 7-20 12.75 12-25 1.80 0-32
Residual 0-0252

Olivine 0-227 4072 11-84 46-68 0-32

Orthopyroxene 0-394 52.00 0-28 8-47 7-40 28-44 2.55 018 0-58
Clinopyroxene 0-303 50.96 0-44 8.47 4.96 0.06 18:09 16-35 0.53 0-13
Spinel 0-025 0-67 0-20 62-35 9.06 21.70 0-15 5.78
Glass* 0-045 49.80 0-90 18-80 7-30 0-09 9-10 9-30 4.57 0-10
Residual 0-2776

Olivine 0-32 41.10 9.18 48.75 0-27 0-24
Orthopyroxene 0-16 53.16 0-20 6-65 5.39 30-15 268 177
Clinopyroxene 0-11 52.65 0-17 6-94 5.22 23-39 10-05 0.-44 114
Spinel tr. 0-36 0-15 46-70 8-96 20-08 0-19 23-51
Glass* 0-41 48-90 0-67 16-00 7-40 0-10 12-69 11-90 1.98 0-33
Residual 0-0021

Olivine 0-25 41.36 8.53 49.94 017

Orthopyroxene 0-14 54.89 5.07 5.05 31-32 2.44 1-23
Glass 0-6 49.19 0-59 14.58 7-36 14-42 1179 1.67 0-38
Residual 0.0628

Olivine 0-29 41-41 7-54 50-73 0-32

Orthopyroxene 0-21 55.05 4.26 4.77 31.79 2.72

Glass 0-49 48.97 0-42 13.77 6-87 15-52 12.98 1.07

Residual 3.8554

Olivine 0-25 40-93 11-35 47-49 0-14

Orthopyroxene 0-27 53-25 8-17 5-95 29-36 2-48 0-79
Clinopyroxene 0-35 51.08 0-27 8-21 5.30 21-20 12-53 0-81 0-58
Spinel tr. 0-38 0-28 60-49 9-49 21-65 0-11 7-51
Glass* 0-11 47-4 1.562 17-60 8.7 0-09 10-9 9.5 4.00 0-20 0-10
Residual 0-0365
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Run no. Phase MB Sio, TiO, Al,O4 FeO MnO MgO CaO Na,O K,0 Cr,0,4

T-2031 Olivine 0-27 41.01 9.24 48.-83 0-23 0-26
Orthopyroxene 0-24 53.76 6-64 5.40 30-33 2.61 1.27
Clinopyroxene 0-11 51-43 0-17 7-66 4-56 0-11 21-93 12.31 0-52 1-31
Spinel tr. 0-22 52-37 8-14 21-37 17-41
Glass* 0-37 47-42 0-76 15-3 8-30 0-08 1419 11.80 1.68 0-03 0-35
Residual 0-0312

T-2069 Olivine 0-23 41.29 8.16 50.-07 0-20
Orthopyroxene 0.23 54.78 4.13 5.28 32.18 2.63
Glass 0-52 47.52 0-52 12-96 8-29 1717 12-09 1.03
Residual 1.2042

T-1515 Olivine 0-54 40-12 11-60 48-10 0-18
Orthopyroxene 0-16 52.97 0-09 6-22 6-46 30-20 2-50 0-21 1-20
Clinopyroxene 0-1 51.97 6-94 5.13 2118 13-22 0-63 0-94
Spinel tr. 0-27 0-20 5811 9-84 21-43 0-06 10-00
Glass 0-19 4703 1.00 16-62 9.67 12-99 9.93 263 0-18
Residual 0.0247

T-1501 Olivine 0-49 39.70 11.37 48-10 0-35
Orthopyroxene 0-19 53.77 0-09 5.90 6-07 30-65 240 0-23 0-80
Clinopyroxene 0-08 50.93 0-14 8-34 5.66 0-06 21.25 12-09 0-69 0-85
Glass* 0-24 46-30 0-84 15-56 9-88 13.75 11-03 2.08 0-15
Residual 0.0366

T-1513 Olivine 0-51 40-39 10-76 48-39 0-27
Orthopyroxene 0-14 53.97 5-63 5-96 31-01 2-40 1-03
Clinopyroxene 0-04 51.57 0-24 7-08 5.58 0-10 2213 11-90 0-61 0-80
Glass* 0-31 47-47 077 14.51 9.87 012 13-89 10-98 2.01 0-37
Residual 0.0235

T-1499 Olivine 0-52 40-80 10-19 48-60 0-20
Orthopyroxene 0-12 53-43 0-09 6-04 6-27 30-31 2-61 0-17 0-99
Clinopyroxene 0-08 53.03 0-13 5.74 5.40 0-16 23-60 10-50 0-53 0-90
Glass* 0-28 46-3 0-81 16-15 10-20 0-13 1295 10-99 2.25 0-05 0-12
Residual 0-0374

T-2207 Olivine 0-47 41.02 925 49.30 0-20 0-23
Orthopyroxene 0-03 54.83 5.00 5.89 31.03 2.07 117
Glass* 0-50 48-60 0-57 1219 9-60 0-15 17-20 9-60 1.47 0-09 0-43
Residual 0-1268

T-2086 Olivine 0-18 41-48 7-71 50-61 0-20
Orthopyroxene 0-23 54.00 6-03 4-82 3171 2-49 0-95
Clinopyroxene 0-04 52.85 7-30 4.13 24.04 9-90 0-51 1-28
Glass 0-53 46-86 0-66 13.73 8.06 17-75 10-92 1.60 0-38
Residual 0-2248

T-2065 Olivine 0-17 41.51 7-49 50-60 0-19 0-21
Orthopyroxene 0-24 54.86 5.77 4.31 31.71 237 0.97
Clinopyroxene tr. 53.25 6-85 4.07 25.34 873 0-53 1-24
Glass 0-59 46-72 0-55 12.72 8-40 19-31 10-59 1.18 0-51
Residual 0-0768

T-2075 Olivine 0-11 41.35 7-08 51.13 0-20 0-23
Orthopyroxene 0-18 55.65 4.65 4.23 32-60 2.15 0-72
Glass 0.7 46-99 0-50 12.21 8-09 20-23 10-12 1.31 0-52
Residual 0-0622

T-2087 Olivine 0-19 41.35 7-97 50-47 0-21
Orthopyroxene 0.23 55.82 4.76 4.60 32.02 214 0-64
Clinopyroxene 0-07 53.82 0-23 6-47 4.21 24.22 9.47 0-99 0-59
Garnet 0-05 42.23 0-47 22.95 5.88 22.06 5.12 1-29
Glass 0-46 45.83 1-08 11-70 9.04 19-99 10-66 1-36 0-33
Residual 0-1368

Mass balance (MB) in weight fraction was performed using least-squares linear regression using the software Petmix and
‘Residual’ refers to the square of the sum of the residuals.
*Reanalysed glass composition (this study).
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