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ABSTRACT

Miocene submarine basaltic hyaloclastites, lapillistones, and breccias drilled at Sites 953 and 956 contain relicts of olivine
and fresh clinopyroxene phenocrysts with abundant primary melt, fluid, and crystal inclusions. Primary melt inclusions are rep-
resented by glassy (quenched glass + gas bubble/s) and multiphase (glass + daughter crystals + gas bubble/s) types. Fluid inclu-
sions are composed of gas and liquid phases and are nearly pure CO, in composition, as shown by low-temperature
microthermometric studies. Melt and crystal inclusions and their host minerals were analyzed for major elements by electron
microprobe and large (>60 um in size) representative melt inclusions by ion microprobe for trace elemess @tidine
phenocrysts from two basalt fragments arg, g9 and correspond to the entire range of olivine compositions known for the
Miocene shield basalts on Gran Canaria. Clinopyroxene phenocrysts from basalt fragments and hyaloclastite matrix are charac-
terized by a wide compositional spectrum of Mg/(Mgglre 0.74-0.90, W@;_47, Eny;sp, F%-15. Crystal inclusions are repre-
sented by olivine (R@_g,), clinopyroxene (Mg/(Mg+kg) = 0.79-0.82, WQ_45, Enus_ss, FS1), plagioclase (Ag._g3), high-Ti
chrome spinel and titanomagnetite (28.7 wi% TiQ, Mg/(Mg+Fé*) = 0.2+0.58, and Cr/(Cr+Al) = 0.1790.74), and
ilmenite. Major element compositions of melt inclusions corrected for post-entrapment crystallization of olivine and clinopy-
roxene show a broad compositional spectrum ranging from quartz-normative tholeiitic to transitional basaid.{4®&136
SiO,, 5.1-10.7 wt% MgO, 1.33.5 wt% NgO, and 0.71.9 wt% K,O) and are enriched in incompatible trace and rare earth ele-
ments. We interpret this large compositional range as representing that of parental magmas, rather than being caused by crystal
lization of a single magma. Melt inclusions are enriched by light rare earth elements [(La/$)3.0] and depleted in
heavy rare earth [(Sm/YbF 4.4-10.2] and high field strength elements [(Zr/¥§ 4.1-5.5]. Because shallow level magma
crystallization is unlikely to significantly change trace element ratios in the melt, we think that the observed discrépahcy in
Sm), and (Sm/Yb) ratios, and high (Zr/Yyratios resulted from the melting of a garnet-bearing mantle source.

Calculated parental magmas equilibrated witk, Fepresent a range from transitional to tholeiitic compositions {8@.0
wt% SiG,) and are similar to olivine basalt—picrite (1418.0 wt% MgO). They crystallized over the range of temperatures
from 1450° to 1120°C and pressures from <0.5 to 8 kbar. Oxygen fugacity varied from the conditions corresponding to FMQ-1
or WM-1 buffers during the early crystallization stage of parental magmas, to late-stage conditions of FMQ - NNO+1. Crystal-
lization of magmas occurred in the presence of fluid of essentialjyc@@position.

INTRODUCTION

The volcaniclastic apron around Gran Canaria consists of sedi-
ments resulting from submarine volcanic activity during the sea-
mount stage, explosive volcanic activity in shallow water, entry of
lavaflows, and pyroclastic flows generated on land into the sea, and
products of erosion (Schmincke et al., 1995a; Schmincke, Weaver,
Firth, et a., 1995b). The compositional evolution, growth, and mass
wasting of Gran Canaria is reflected in sediments of the adjacent
apron drilled at Sites 953 through 956.

The Miocene basaltic hyaloclastites, lapillistones, and breccias
are described in detail by Schmincke and Segschneider (Chap. 12,
this volume). All hyaloclastites are strongly altered but contain phe-
nocrysts of clinopyroxene and, more rarely, olivine with abundant
primary melt, crystal and fluid inclusions. Because of the strong post-
eruptive ateration, study of phenocryst-hosted inclusionsis a prom-
ising approach to reconstruct the geochemical evolution of magmas
formed during the Miocene seamount stage. We report here the first
results of mineralogical and geochemical studiesof glass, crystal, and
fluid inclusions in olivine and clinopyroxene phenocrysts from the
most primitive Miocene volcaniclastic rocks drilled at Sites 953 and
956. Low-temperature microthermometry of fluid inclusions, and
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electron and ion microprobe analyses of melt, crystal inclusions, and
their host minerals were used to reconstruct: (1) the composition of
magma during the stage of phenocryst crystallization (major and
trace elements, and H,O concentrations); (2) temperature, pressure,
and redox conditions of phenocryst crystallization; and (3) composi-
tion of fluid that coexisted with the crystallizing magma. These data
provide aquantitative basisfor adiscussion of the petrogenesis of the
magmas parental to the volcaniclastic deposits of the seamount stage
of Gran Canaria.

STRATIGRAPHY, LITHOLOGY, AND SAMPLE
SELECTION

Drilling at Sites 953 through 956 concentrated on the volcanic
apron north and south of Gran Canaria (Schmincke et al., 19953,
Schmincke, Weaver, Firth, et a., 1995b; Fig. 1). Site 953 is located
68 km northeast of Gran Canaria, 90 km west of Fuerteventura, and
98 km east of Tenerife. Drilling at Site 953 recovered a practically
complete Quaternary to mid-Miocene 1159-m-thick section, in
which the volcaniclastic rocks correspond closely to the lithostrati-
graphic subdivision of the volcanics exposed on Gran Canaria. The
oldest volcaniclastic sediments of mid-Miocene age (Unit VII, Sec-
tions 157-953C-83R-4 through 103R-7, 969-1159 meters below sea
floor [mbsf]; Fig. 2A) consist entirely of dark green hyaloclastite tuff,
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iment (Shipboard Scientific Party, 1995a; Schmincke and Seg-
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schneider, Chap. 12, this volume). Altered basaltic glass clasts, ta-
chylite, fragments of crystalline basalt, crystals mostly represented
by clinopyroxene, opagque minerals, rare plagioclase, and pseudo-
morphs of altered olivine are the dominant components. Lithic clasts
of picrite basalts and basalt lapillistones usually contain phenocrysts
of dightly dtered olivine (Samples 157-953C-90R-5, 49-55 cm,
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Figure 1. Schematic map showing locations of Site 953 through 956 in rela-
tion to the Canary Islands (after Funck, 1996). Shaded fields are seismically
defined volcaniclastic aprons of Fuerteventura, Gran Canaria, and Tenerife.
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93R-4, 20-22 cm, 93R-5, 13-27 cm, 93R-6, 45-55 cm, and 101R-5,
116-123 cm). Unit VI (Sections 157-953C-75R-1 through 157-
953C-83R-3, 889-969 mbsf) consists mostly of thick to very thick
bedded basaltic sandstone, lapillistone, and breccia interbedded with
minor cal careous claystone and nannofossil mixed sedimentary rocks
(Shipboard Scientific Party, 1995a). Dark green hyaloclastite tuffs
occur in Cores 157-953C-77R through 83R and make up beds of sev-
eral meters thickness (Schmincke and Segschneider, Chap. 12, this
volume). They are composed mostly of angular vesicle-free to pumi-
ceous mafic shards completely replaced by smectite.

At Site 956, drilled sedimentary succession ranges from Holocene
to mid-Miocene age (Shipboard Scientific Party, 1995b). The ol dest
volcaniclastic sediments of mid-Miocene age (Unit V, Sections 157-
956B-43R-3 through 57R-1, 564—704 mbsf) consist mostly of mas-
sive to bedded epiclastic basaltic sandstone, |apillistone, breccia, and
fine-grained hyaloclastite tuff with minor interbeds of nannofossil
claystone with foraminifers (Fig. 2B). Fresh clinopyroxene pheno-
crysts and olivine pseudomorphs are common throughout the entire
succession of volcaniclastic sediments drilled at Unit V. Relicts of
fresh olivine are rare (Samples 157-956B-48R-2, 25-42 cm, and
56R-2, 89-103 cm), trace plagioclase phenocrysts were found in
Samples 157-956B-44R-4, 110-124 cm, and 56R-3, 69-77 cm
(Schmincke and Segschneider, Chap. 12, this volume).

We studied 10 samples of hyaloclastite tuffs containing basalt
fragments lapillistones from Site 953 (Unit VI and VII) and three
samples of hyaloclastite tuff with basaltic fragments from Site 956
(upper part of Unit V; Fig. 2A, B; Table 1). The main criterion for
sampl e selection was the presence of olivine and clinopyroxene phe-
nocrysts containing abundant primary melt, crystal, and fluid inclu-
sions. Although clinopyroxene is present throughout all studied sam-
ples, fresh olivine was found only in Samples 157-953C-93R-5, 13-
27 cm, and 93R-6, 45-55 cm. Trace plagioclase phenocrysts are doc-
umented in Samples 157-956B-45R-3, 120-132 cm, and 45R-CC, 7-
17 cm.
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Figure 2. Summary diagrams for Sites 953 and 956, showing lithology, units, age, relationship to Gran Canaria volcanic history, and position of the selected

samples.
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ANALYTICAL METHODS
Electron Microprobe

Major element analyses of minerals and glasses were carried out
using a Cameca SX-50 electron probe at the GEOMAR Research
Center (Kiel, Germany). Analytical conditions were accelerating
voltage of 15kV, beam current 10-20 nA, and peak counting time 10
s. Analysis of minerals was performed with a beam size of 1-2 um,
and in scanning mode with a raster of 10 yud2 pm for glasses.

MELT, CRYSTAL, AND FLUID INCLUSIONS

Trace Elements

The technique used for trace element analyses was similar to that
described by Gurenko and Chaussidon (1995). Analytical conditions
were 10 kV accelerating voltage of ons, and 1530 nA of primary
beam current. Positive secondary ions were analyzed at a mass reso-
lution of =500 with energy filtering of —8@ 10 V. Remaining oxide
interferences were eliminated by deconvolution techniques by the
measurement of 31 atomic masses in the range from 138 to 180 fol-
lowing Fahey et al. (1987). Secondary ion yields, defined for each el-
ement as a ratio of element total ionic intensity relativi3p over

tite USNM 104021, microcline USNM 143966 (Jarosewich et alathe element atomic concentration relative to Si, were determined for

1980), olivine Ch-1, and spinel Yb-126 (Lavrentev et al., 1974) wer

used as standards for calibration.

Primary melt inclusions in olivine and clinopyroxene phenocryst
were analyzed for trace elements an@vith a Cameca IMS 3f ion
microprobe at the CRPG-CNRS (Nancy, France). A set of 1
synthetic and natural basaltic, andesitic, and rhyolitic glasses w

lon Microprobe

used as standards for calibration (Table 2).

Table 1. Selected samples.

Ti, V, Sr, Y, Zr, Nb, Ba, La, Ce, Nd, Sm, Eu, Dy, Er, and Yb on the
%asis of 12 standard glasses (20-1, 29-3, 30-2, 40-2, 519-4-1, 529-4,
TRD-65, TRDS-56, TRDS-27, TRDS-15, 316, and 350; Table 2).
Trace element concentrations in melt inclusions were calculated from
the determined ion yields and Si€ntents measured by electron mi-
croprobe. The precision is better thel0% relative for Ti, V, Sr, Y,

SZr, Ba, La, Ce, Nd, Sm, Eu, Yb, and varies betweEh and+17%
éelative for Nb, Dy, and Er (se@Df ion yields in Table 2).

?ﬁo Concentrations

H,O concentrations in melt inclusions were measured at 10 kV of
accelerating voltage and 430 nA of primary beam current with the
beam size of 10 um, using a technique described by Sobolev and
Chaussidon (1996). Positive secondéty and®Si* ions were ana-
lyzed at a mass resolution=£200 with an energy filtering of —100

Core, section, _ Depth (mbsf) + 10 V. To minimize the kD background, the ion probe was repeat-
interval (cm)  Top  Bottom Rock type edly baked at 120°C overnight. We then started measurements when
157-953C- the H*/*°Si* ratio measured on the host olivine was lower than the
ggs—i, 33(?33 ggggﬁ gg;-% :ygocizi:eiug value corresponding to the,® content of 0.03 wt% (Sobolev and
83R7 012 97364 97376 Hyalodestitetuff Chaussidon, 1996), and carried the analyses out using a liquid nitro-
89R-1,0-13  1017.20 1017.33 Hyaloclastite tuff gen cold trap in the source (Deloule et al., 1991). A calibration curve
90R-1, 82-101 102452 1024.71 Hyaloclastite tuff with basalt fragmants 0 i 0, i +/30G+ i
93R5 1327 105829 105843 OI.Cpx basalt fragmant between wt% KD relative to wt% Si@and measuretH*/*Si* ratios
93R-6,45-55  1060.08 1060.18 Ol-Cpx basalt fragment was established on the basis of nine glass standards (JV1, 40-2, 30-2,
97R-2,0-16 109247 109259 Hyaloclastite tuff ; ; . - ‘Ta-
S6RL 015 10090 110102 Hydoclaite uff 20-1, 29-3, TRDS 27, TR.DS' 15, and two GRPG glass standards; Ta
102R-1,828 113948 1139.68 Hyalodlastite tuff with basalt fragmants ble 2) as a linear regression:
157-956B-
44R-3, 57-71 57427 57441 Hyaloclastite tuff with basalt fragments 0., = 1H4+/30Sj+ 4+ =
45R-3,120-132 584.09 58421 Hyaloclastite tuff HZ0O/SIC, = 0.04447< THT®SI" + 0.00044, r = 0.99.
45R-CC,7-17 58515 58525 Hyaloclastite tuff

The slope of the calibration curve (coefficienttdt/*Si*) deter-

Note: Ol = olivine, and Cpx = clinopyroxene. mined during this work is very close to this previously reported by

Table 2. Intervals of concentrationsin standard glasses used for calibration, and determined ion yields of elements analyzed.

Element Mass of isotopes Interval of lon yields normalized to Si
analyzed concentrations This study Literature Ref.

H 1 0.11-2.96 0.011% 0.0009 0.0169 1
Ti 47 1242-9984 2.2%0.17 1.64-2.56 2,3
\ 51 213-299 1.520.11 1.70-1.71 2,3
Sr 88 31.0-255.3 2.090.07 2.54-2.90 2,3
Y 89 5.7-39.3 2.78¢ 0.26 3.47-3.56 2,3
Zr 90 7.6-111.6 2.130.10 2.23-2.49 2,3
Nb 93 0.48-19.20 1.150.12 1.22-1.39 2,3
Ba 138 1.3-179.4 1.220.12 1.67-2.04 2,3
La 139 0.62-11.51 1.760.14 2.27-2.48 2,3
Ce 140, 142 1.09-25.12 1.#0.14 2.21-2.35 2,3
Nd 142,143, 145, 146 0.46-14.34 188.17 2.59-2.82 2,3
Sm 147, 148, 152, 154 0.28-4.22 2:68.16 2.59-2.78 2,3
Eu 151, 153 0.17-1.47 2.440.12 2.80-2.92 2,3
Dy 161, 162, 163 0.82-7.04 1.410.21 2.50-3.07 2,3
Er 166, 167, 168 0.59-4.93 1.99.32 2.45-3.09 2,3
Yb 168, 171, 172, 173, 174 0.83-4.48 190.14 2.47-2.95 2,3

Notes: Concentrations of H (wt% H,0O) and trace elements (ppm) in standard glasses. Standards used for calibration are synthetic and fresh natural glasses, including JV1 obsidian
glass from Macusani, southeast Peru (Pichavant et a., 1987), MORB glasses dredged from the Mid-Atlantic Ridge, from the Siqueriros Transform Fault (20-1), East Pacific Rise
(29-3, 30-2, 40-2; A.V. Sobolev, pers. comm., 1993), FAMOUS area (519-4-1, 529-4; Langmuir et al., 1977) glasses from the Troodos Upper Pillow Lavas, Cyprus (TRD-65,
TRDS-56, TRDS-27, and TRDS-15; Rautenschlein et a., 1985), and two CRPG standard glasses with 1.82 and 2.96 wt% H,0, and 70.65 and 70.42 wt% SiO,, respectively (M.
Chaussidon, pers. comm., 1994) lon yields are given & #Rlef. = references: 1 = Sobolev and Chaussidon (1996), 2 = Hinton (1990), and 3 = Gurenko and Chaussidon (1995).
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Sobolev and Chaussidon (1996) for H,O concentrations <1 wt% and
obtained at similar analytical conditions (i.e., 0.03327). Up to three
spotswere measured within melt inclusions characterized by the low-
est H,O concentrations. The precision estimated on the basisof H ion
yield (Table 2) is always better than +10% relative, and the detection

limit is believed to be =0.03 wt% H,0O, as measured on host olivine.

Microthermometry of Fluid Inclusions

Microthermometric study of fluid inclusions was performed at
GEOMAR Research Center (Kiel, Germany) using a FLUIDINC
gas-flow stage. The thermocouple was calibrated in the temperature

interval —56.6° to +573°C using SYNFLINC synthetic fluid inclu-

sions in quartz and atl96°C (temperature of liquid )N Accuracy
and precision of COtriple point measurements were estimated atgeneral (<0.15 wt% CaO; Hervig et al., 1986; Fig. 3B). Sample 157-
better thart0.2°C; homogenization temperatures are reproducible t853C-93R-5, 1327 cm, contains phenocrysts of high magnesian oli-

better thant0.5°C.

Figure 3. Olivine composition. A. Histograms demon-
strating the Fo contents in olivine phenocrysts from
basalt fragments (Samples 157-953C-93R-5, 13-27 cm,
and 93R-6, 45-55 cm). N = number of analyzed olivine
crystals, and Fo,,, = composition of the most magne-
sian olivine found. B. CaO contents vs. Fo in alivine
phenocrysts and clinopyroxene-hosted inclusions of oli-
vine. All olivine phenocrysts are CaO-rich compared to
olivine from mantle xenaliths (e.g., Hervig et ., 1986)
implying that the most magnesian olivines Fo,gg from
Sample 157-953C-93R-5, 13—-27 cm, are phenocrysts of
mantle-derived magmas rather than xenocrysts produced
by disintegration of mantle peridotite. Compositions of
olivine phenocrysts from Miocene shield basalts on
Gran Canaria are taken from Gurenko et a. (1996) and
Gurenko (unpubl. data), compositions of olivine from
Site 953 are from Schmincke and Segscheider (Chap.
12, this volume), and olivine from Hierro and Lanzarote
xenoliths are after Neumann (1991) and Neumann et al.
(1995).
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MINERAL CHEMISTRY
Olivine

Olivine phenocrysts range from &0 Fgg corresponding to the
entire range of olivine compositions known for Miocene subaerial
shield basalts of Gran Canaria (Gurenko et al., 1996) are similar to
those analyzed from other samples drilled at Site 953 (Schmincke and
Segschneider, Chap. 12, this volume). CaO contents- @23
wt%) are lower than those in olivine phenocrysts from Miocene sub-
aerial shield basalts on Gran Canaria (Fig. 3A, B; Table 3; Appendix
Tables 1-3), but higher than in olivines from mantle xenoliths of the
Cr-diopside series xenoliths on Hierro and the spinel-harzburgite
suite xenoliths on Lanzarote (Canary Islands; Neumann, 1991; Neu-
mann et al., 1995), as well as in olivines from mantle xenoliths in

vine (>86 mol% Fo), which are thought to have crystallized from

157-953C-93R-6, 45-55 cm
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MELT, CRYSTAL, AND FLUID INCLUSIONS

Table 3. Summary of mineral chemistry.

Core, section, Olivine Spinel Clinopyroxene Plagioclase
interval (cm) No. Fo No. Mg#, Cr# No. Mg#px Wo En Fs No. An
157-953C-
82R-1, 52-62 1* 79.5 1* 0.268 0.254 20 0.774-0.879 44.4-46.7 41.4-47.9 6.6-12.1 0 —
82R-1, 94-103 1* 78.3 0 — — 4 0.797-0.842 45.3-46.0 43.1-45.6 8.6-11.0 0 —
83R-7, 0-12 5* 79.1-81.2 1* 0.436 0.666 7 0.805-0.842 40.8-43.7 45.4-49.8 9.3-11.1 0 —
89R-1, 0-13 5* 79.9-80.8 4* 0.320-0.402 0.541-0.615 13 0.787-0.882 41.3-45.8 42.8-50.9 6.8-11.7 0 —
90R-1, 82-101 7 79.6-81.6 2% 0.393-0.394  0.605-0.613 10 0.805-0.831 41.3-43.8 45.6-48.8 9.5-11.2 0 —
93R-5, 13-27 1** 79.3 24* 0.350-0.575 0.651-0.731 17 0.792-0.841 37.4-42.6 46.1-50.6 9.4-12.1 0 —
29 82.3-89.1 0 — — 0 — — — — 0 —
93R-6, 45-55 42 80.1-83.4 2* 0.400-0.406  0.630-0.632 21 0.750-0.851 39.1-44.7 43.9-50.2 8.4-14.7 0 —
0 — 14**  0.399-0.443 0.634-0.705 2**  0.794-0.818 41.4-44.7 43.9-48.1 10.7-11.4 0 —
97R-2, 0-16 4* 80.4-81.5 3* 0.263-0.411  0.520-0.609 19 0.776-0.849 38.3-44.2 45.1-50.9 8.7-13.2 0
98R-1, 0-12 1* 80.5 3* 0.398-0.409 0.576-0.681 25 0.768-0.833 37.9-44.5 43.3-51.7 9.6-13.1 0
102R-1, 8-28 4* 79.6-80.9 7* 0.305-0.426  0.560-0.663 36 0.770-0.839 38.4-46.0 41.8-51.3 9.5-12.8 0
157-956B-
44R-3, 57-71 0 — 2* 0.211-0.232 0.172-0.179 15 0.744-0.867 41.5-44.9 43.3-48.1 7.4-15.0 0 —
45R-3,120-132 0 — * 0.256-0.372  0.281-0.601 17 0.793-0.895 43.0-45.7 43.7-49.5 5.8-11.5 1* 68.4
45R-CC, 7-17 0 — 4* 0.219-0.431 0.194-0.744 11 0.750-0.858 43.2-46.2 41.2-47.9 7.9-13.8 2* 75.7-82.7

Notes: Individual anayses are given in Appendix Tables 1 through 3. No. = number of microprobe anayses, Fo = mol% forsterite, Mg#g, = Mg/(Mg+Fe,") atomic ratio, Cr# = Cr/
(Cr+Al) atomic ratio, Mg#,,, = Mg/(Mg+Fe,,) atomic ratio, where Fe,, is an Fe concentration measured with electron microprobe, Wo = wollastonite [Cal(Cat+Mg+Fe,y) atomic
ratio], En = enstatite [Mg/(CatMg+Fe,,) atomic ratio]; Fs = ferrosilite [Fe,/(CatMg+Fe,,) atomic ratio]; An = mol% anorthite. * = inclusion in clinopyroxene, ** = inclusion in
olivine, and — = phase is not present.

mantle-derived magmas rather than being derived from the disinte- sions into primary, pseudosecondary, and secondary types. Primary
gration of mantle peridotites. Concentrations of Ni and Cr ranging inclusions occur as single, isolated inclusions, or as randomly orient-
from 0.25t0 0.51 wt% NiO and from 0.02 to 0.12 wt% Cr,0O; also in- ed groups, and commonly mark zones of host crystal growth. Pseu-
dicate that olivine phenocrysts crystallized from mantle-derived dosecondary inclusions occur along short, healed fractures that do
magmas. not extend to the grain surfaces. Secondary inclusions are usually
controlled by sealed cracks. We studied only primary inclusions be-
Clinopyroxene cause they contain direct information on the conditions of magma
evolution. Pseudosecondary and secondary inclusions were excluded
Clinopyroxene phenocrysts are optically and chemically hetero- from further considerations. All types of inclusions commonly occur

geneous and show a broad range of compositions. Mg#.,, [Mg/ in combination with one another, indicating heterogeneous “crystal-
(Mg+Fe,)] = 0.75-0.88 and Wog;_47, Eng,s,, FS;_15 found in the silicate melt-fluid” entrapment. One spherical sulfide inclusion of
samples from Site 953, and Mg#.,, = 0.74-0.90 and W0,_46, ENyy_sp, ~10 pm in size was found in clinopyroxene of Mg# = 0.79 in Sample

Fss_15 from Site 956 (Fig. 4A; Table 3; Appendix Tables 1-3). With- 157-956B-44R-3, 5771 cm.
in the each sample, the compositional variations are more restricted

(Table 3). The widest range is shown by Samples 157-953C-82R-1, Inclusions of Crystals
52-62 cm (Mg#, = 0.77-0.88), 89R-1, 813 cm (Mg#,, = 0.79-
0.88), and 157-956B-45R-3, 12082 cm (Mg#, = 0.79-0.90). Dark brown and black inclusions of Fe-Ti oxides (from a few to

Sample 157-953C-93R-5, 437 cm, which is characterized by the 20-30 um in size) in olivine and clinopyroxene phenocrysts is the
widest range of olivine compositions gQ,), contains clinopyrox- main type of crystalline inclusions. Clinopyroxene inclusions in oli-
ene of a relatively narrow compositional range (Mg# 0.79- vine, and olivine and plagioclase inclusions in clinopyroxene (usu-
0.84). Ti and Al concentrations correlate negatively with Mgghd  ally 5-20 pum in size) are minor.
range from 0.88 to 2.74 wt% Ti@nd from 1.67 to 5.72 wt% 4D, Compositions of olivine, clinopyroxene, and plagioclase inclu-
in clinopyroxene phenocrysts from Site 953, and from 0.65 to 2.58ions are listed in Table 3 and Appendix Table 2. Inclusions of oliv-
wt% TiO, and 1.55 to 5.28 wt% 4D, from Site 956 (Fig. 4B; Ap- ine in clinopyroxene phenocrysts occur in all samples studied. Oliv-
pendix Tables 1-3). ine inclusions analyzed in samples from Site 953 have a composi-
Clinopyroxene phenocrysts are strongly zoned, as shown by vattions range from 78 to 82 mol% Fo and are similar to olivine
ations of Ti, Al, and Mg#, within single crystals and are character- phenocrysts from Sample 157-953C-93R-6-%& cm (Fig. 3B).
ized by concentric zoning, either normal or inverse. Three zoned clZoncentrations of Ca in olivine inclusions are slightly higher (0.30
nopyroxenes overlap nearly the whole compositional range with ré.48 wt% CaO) compared to those of phenocrysts that may be due to
spect to Mg#, values, TiQ, and ALO, contents that were the redistribution of Ca between included olivine and host clinopy-
determined on the basis of 200 clinopyroxene analyses (see insetgaxene at temperatures and pressures lower than those of inclusion
Fig. 4B, C). entrapment. Alternatively, these elevated CaO contents may also be
due to the effects of secondary X-ray fluorescence of Ca from the ad-
joining Ca-rich host clinopyroxene because of the small size of oliv-
INCLUSIONSIN OLIVINE AND CLINOPYROXENE ine inclusions, as suggested by Dalton and Lane (1996).
Two inclusions of clinopyroxene in olivine phenocrysts of,Eo
Olivine and clinopyroxene phenocrysts contain: (1) inclusions ofind of Fg,, from Sample 157-953C-93R-6, 4% cm, are charac-
crystals (inclusions of olivine and plagioclase in clinopyroxene, interized by Mg#, = 0.79-0.82, WQ,_s, ENiss, FS1, 1.39-1.80 wit%
clusions of clinopyroxene in olivine, and inclusions of Fe-Ti oxidesTiO,, and 3.353.70 wt% ALO;, and fall within the broad composi-
in both olivine and clinopyroxene); (2) melt inclusions (multiphasetional range defined for clinopyroxene phenocrysts (Table 3; Appen-
inclusions of partially crystallized melt, and quenched glass includix Table 2).
sions); and (3) gas-liquid fluid inclusions. Following the classifica- Plagioclase inclusions (Afg;) were found in clinopyroxene phe-
tion of Roedder (1984), we subdivide melt, crystal, and fluid inclu-nhocrysts only in Samples 157-956B-45R-3,4P8 cm, and 45-CC,
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7-17 cm (Table 3; Appendix Table 2). Presence of plagioclaseinclu-
sions in low-magnesium clinopyroxene (both in clinopyroxene of
Mg#,, = 0.79) and only trace amounts of plagioclase phenocrysts ob-
served in these samples suggests that olivine-clinopyroxene-plagio-
clase cotectic crystallization only began during the late stage of mag-
ma crystallization.

Mg/(Mg+Fe)

the spinel inclusions are very close to the spinels included in olivine
from the subaerial Miocene shield basalts on Gran Canaria (Gurenko
et al., 1996), to the spinel inclusions in olivine from Mauna Loa sub-
aerial shield tholeiitic picrite and oceanite, as well as to the spinel
phenocrysts from Kilauea’'s Puna Ridge and Mauna Loa submarine
lavas, Hawaii (Sobolev and Nikogosian, 1994; Clague et al., 1995;

Inclusions of spinel-group minerals (here called “spinel”) and ti-Garcia et al., 1995), but extend to low Cr# and more Ti-rich compo-

tanomagnetite were found throughout the whole compositional

ranggtions (Fig. 5A, B).

of olivine and clinopyroxene phenocrysts. They represent a solid so- The Cr# of spinel inclusions in olivine and clinopyroxene corre-
lution of (Mg,Fe)ALO,—~(Mg,Fe)CsO,—~(Mg,Fe)FgO,~FeTiO,, and late positively with the composition of their host minerals (Fig. 6A,
are characterized by a wide range of J{248-18.69 wt%), Mg#, C). Spinels trapped in clinopyroxene phenocrysts show two different
[Mg/(Mg+Fe*)] = 0.21-0.58, and Cr# [Cr/(Cr+Al)] = 0.10.74  evolutionary trends defined for Sites 953 and 956 (Fig. 6C). The Cr#

(Fig. 5; Table 3; Appendix Table 1). With respect to Mg# and
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Cri#pf spinels from Site 953 ranges between 0.52 and 0.68 (except for one
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sian, 1994; Clague et ., 1995; Garciaet al., 1995). Box of MORB spinelsis
after Dick and Bullen (1984).

spinel inclusion with Cr# = 0.25), whereasthe Cr# of spinelsfrom the
Site 956 is more variable (from 0.21 to 0.74).

Fe?*/Fe ratios of olivine- and clinopyroxene-hosted spinel inclu-
sions calculated on the basis of spinel stoichiometry range from 0.9
to 2.7 and positively correlate with the composition of host minerals
(Fig. 6B, D). Olivine-hosted spinel inclusions have dslightly higher
Fe?*/Fe* ratios than those from Miocene shield basalts (Gurenko et
al., 1996). Because the Fe**/Fe* ratio of spinelsis very sensitive to
the Fe?*/Fe* ratio of the melt, compositions of spinel inclusions can
be used to constrain the redox conditions of magma crystallization
(see below). Low magnesium clinopyroxene phenocrysts (Mg#,, =
0.77-0.80) also contain inclusions of long hair-like needle crystals
which correspond in composition to ilmenite (Appendix Table 1).

MELT, CRYSTAL, AND FLUID INCLUSIONS

Fluid Inclusions

We studied primary fluid inclusions in olivine phenocrysts from
basalt fragments (Samples 157-953C-93R-5, 13—-27 cm, and 93R-6,
45-55 cm). Inclusions are spherical (5—40 um in diameter) and con-
sist of liquid and gas phases at room temperature. All inclusions were
frozen to crystal aggregates in the temperature range betw@én
and-90°C and were then cooled further-b90°C to check for the
possible presence of,dr CH,. Upon heating, no phase changes were
observed between these temperatures and theri@l® point tem-
perature at56.6+ 0.2°C (n = 12). This implies that the inclusions
contain essentially pure G@nd other components such as CQ, N
CH,, H,S, and SQcan only be present in trace quantities, if at all. In-
clusions homogenize in the vapor in the temperature range from
+27.7° t0 +29.7°C (n = 14) and in the liquid from +29.6° to +30.4°C
(n=14), yielding carbon dioxide densities of 0.28%11 g/cm
(Angus et al., 1976).

M€t Inclusions

Primary melt inclusions are represented by glass (quenched glass
* gas bubble/s) and multiphase (glass + daughter crystals bub-
ble/s) types ranging in size from 5 to 250 um. Many of the inclusions
in olivine and clinopyroxene are altered to clay minerals likely to
have resulted from seawater infiltrating through cracks within the
host minerals. Fresh inclusions are unlikely to have been affected by
either syn-eruptive degassing or post-emplacement compositional
modification, and, therefore, can be considered as representing the
composition of melt during phenocryst crystallization.

Glass inclusions represent melt quenched to glass during eruption
below sea level. This type of inclusion is abundant in clinopyroxene
phenocrysts, but only a few small inclusions (<15 pm) were found in
olivine. Inclusions are subspherical to ellipsoidal and commonly
have “negative crystal” shapes. Although they were subjected to ef-
fective quenching by seawater, crystallization of the host mineral oc-
curred on the inclusion walls.

Multiphase inclusions are composed of glass and daughter crys-
tals that are present, ranging from a few small discrete crystals up to
90-95 vol% of crystalline phase, and of one or a few shrinkage bub-
bles. Most daughter crystals are clinopyroxene, and, more rare, are
clinopyroxene and titanomagnetite. We do not exclude the possibility
that olivine might have crystallized in clinopyroxene-hosted melt in-
clusions but, because of very small size of the crystals, it was difficult
to define properly.

Within single crystals, one group of presumably syngenetic inclu-
sions may be represented by all these diversities, from glassy through
slightly crystallized (<510 vol% of daughter crystals) to strongly
crystallized inclusions without correlation between size of inclusions
and degree of melt crystallization. Most inclusions in olivine, whose
fresh phenocrysts were found only in two samples of basalt frag-
ments, are represented by multiphase types with up to 10 vol% of
daughter crystals in Sample 157-953C-93R-6;585cm, and by
strongly crystallized inclusions in 157-953C-93R-5;4B8 cm.

We analyzed major elements in 86 glass and multiphase melt in-
clusions trapped by olivine and clinopyroxene phenocrysts in hyalo-
clastite tuffs and basalt fragments from Site 953, and 25 inclusions
from Site 956 (Appendix Table 3). We restricted our measurements
to inclusions that are dominated by glass (>90%) compared to daugh-
ter crystals and do not contain spinel or titanomagnetite daughter
crystals. The largest (6@50 um) and most representative inclusions
(n =22) were analyzed for trace elements and nine inclusionsg@or H
concentrations (Table 4). Because crystallization of the host mineral
on the inclusion walls (olivine and clinopyroxene), together with
daughter crystals (clinopyroxene), variably affects the inclusion
compositions, all inclusions should be corrected for the effects of this
post-entrapment crystallization.
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COMPOSITION OF MELT INCLUSIONS

Correction for the Effects of Post-Entrapment
Crystallization

Post-entrapment crystallization affects the inclusion composi-
tionsthat can be inferred, for instance, from the cal culation of Fe-Mg
distribution coefficients (Kp) between trapped melt (i.e., glassinclu-
sion compositions) and compositions of the host olivine. These K
values range from 0.10 to 0.16 and are systematically lower than the
expected equilibrium value of 0.30 £ 0.03 (e.g., Roeder and Emdlie,
1970), indicating that at the moment of gquenching, the entrapped
melt was equilibrated with olivine less magnesian than the host oliv-
ine. The same conclusion holds with respect to clinopyroxene-hosted
inclusions by calculating the composition of clinopyroxene, which
should be in equilibrium with the melt at the moment of trapping us-
ing the models of clinopyroxene-melt equilibria (e.g., Nielsen and
Drake, 1979; Ariskin et al., 1987).

The correction was carried using the program PETROLOG (L.V.
Danyushevsky and A.V. Sobolev, pers. comm., 1991). Olivine- and
clinopyroxene-hosted inclusions without visible daughter crystals,
and inclusionsin clinopyroxene with clinopyroxene daughter crystals
were corrected, modeling the melting of olivinefor olivine-hosted in-
clusions, and of clinopyroxene for clinopyroxene-hosted inclusions.
The calculation procedure represents cycles of two consequent sub-
routines. Thefirst step includes calculation of the composition of oli-
vine (or clinopyroxene) that should be in equilibrium with the melt
(i.e., with aglass at the beginning and acurrently changing melt com-
position in the consequent cycles) and the temperature of thisequilib-
rium. The second step is a balance-mass addition of 0.1 wt% incre-
ments of calculated equilibrium olivine (or clinopyroxene). Thisin-
cremental addition causes the continuous increase of the Mg/
(Mg+Fe) value of the melt, and, consequently, increase of Mg/
(Mg+Fe) of the olivine/clinopyroxene cal cul ated to bein equilibrium
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with the newly obtained melt composition. As soon as the composi-
tion of the calculated equilibrium olivine (or clinopyroxene) became
identical to the composition of the host mineral, the calculation rou-
tine was stopped. By this manner, we obtained: (1) the composition
of melt equilibrated with the host mineral, which could be ascribed to
the composition of the trapped melt, and (2) the temperature of the
olivine/clinopyroxene-melt equilibria, which is thought to corre-
spond to the temperature of melt inclusion trapping.

Inclusions in olivine containing clinopyroxene daughter crystals
reguire correction for both olivine and clinopyroxene crystallization.
Infact, our task was to model the melting of olivine and clinopyrox-
ene along the cotectic line, whose compositions and melting propor-
tions should be constrained only on the basis of melt (i.e., glass) com-
position and the existing experimental models of olivine-melt and cli-
nopyroxene-melt equilibria. A simple and effective solution for a
similar problem in an attempt to simulate magma crystallization
trends was suggested by Nathan and Van Kirk (1978) and further de-
veloped by Ariskin (1985) and Ariskin et al. (1993 and references
therein). In particular, they showed that, theoretically, any mineral of
the basaltic association, either olivine, orthopyroxene, clinopyrox-
ene, pigonite, or plagioclase, may bein equilibrium with any basaltic
melt but only at one discrete “pseudoliquidus” temperature, which
depends mostly on the melt composition and may be different for
each particular solid phase. These temperatures can by obtained by
calculations using existing models of solid-melt equilibria. Mineral
phases having the highest and most similar “pseudoliquidus” temper-
atures (the difference should be less tha@°-30°C, depending on
the selected model) can be ascribed to equilibrium with such a melt
composition. Balance-mass addition into the melt of the phase that is
characterized by the lowest “pseudoliquidus” temperature will cause
an increase of its “pseudoliquidus” temperature recalculated for the
new melt composition. As soon as this temperature becomes higher
compared to the temperatures calculated for the other minerals
among the association considered for modeling, the next phase char-
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Table 4. H,O (wt%) and trace element (ppm) concentrationsin olivine- and clinopyroxene-hosted glassinclusions (uncorrected values).

Sample HO Ti \% Sr Y Zr Nb Ba La Ce Nd Sm Eu Dy Er Yb  (La/Sp(Sm/Yb), (Zr/Y), (Ba/Nb), (Sr/Sr*), (Ti/Dy),
157-953C-
82R-1, 94-103
68 ND 31430 362 901 33.3 409 72.0 420 59.9 138.2 79.4 13.95 3.72 7.70 3.24 2.67 2.69 5.77 4.87 0.61 0.58 2.27
157-953C-
83R-7,0-12
47-1 ND 25018 299 551 30.4 313 35.2 196 32.7 78.5 49.4 10.14 2.30 6.75 3.06 2.56 2.02 4.38 4.09 0.58 0.59 2.06
157-953C-
93R-6, 45-55
4 ND 27473 338 769 34.6 384 55.1 284 46.0 105.3 65.3 12.83 3.11 8.15 3.59 2.53 2.25 5.59 4.40 0.54 0.62 1.88
22 0.14 29553 322 671 33.0 399 45.7 245 34.7 94.2 61.4 13.13 4.18 8.82 3.69 3.04 1.66 4.77 4.78 0.56 0.59 1.87
19 0.15 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND - - - - - -
35 0.14 36099 400 841 39.5 488 72.6 324 529 126.2 72.0 12.37 2.66 8.35 3.76 2.69 2.68 5.08 4.89 0.47 0.59 2.41
37-1 0.17 31457 379 822 35.8 417 60.1 266 52.7 110.9 61.0 11.01 4.07 6.09 2.45 1.19 3.00 10.22 4.61 0.46 0.67 2.88
43 ND 31251 318 620 34.8 409 45.7 203 335 82.6 57.5 11.72 2.94 7.14 3.48 212 1.79 6.11 4.66 0.47 0.60 2.44
46 ND 31146 327 748 35.0 418 55.6 251 41.8 98.3 59.4 11.45 2.46 6.38 2.96 2.28 2.29 5.55 4.73 0.48 0.66 2.72
157-953C-
97R-2, 0-16
66-1 ND 32661 368 760 35.7 399 51.8 280 422 104.9 67.9 13.71 4.69 7.79 3.62 2.40 1.93 6.30 4.43 0.57 0.60 2.33
69 ND 25168 261 610 29.4 338 42.2 200 325 78.1 46.3 10.35 231 5.91 2.99 2.60 1.97 4.40 4.56 0.50 0.68 2.37
157-953C-
102R-1, 8-28
32 ND 30997 301 752 35.5 445 60.5 306 46.2 107.2 68.4 14.07 3.29 8.06 3.72 3.12 2.06 4.99 4.96 0.53 0.59 2.14
33 ND 25608 330 753 30.9 348 53.1 266 54.9 125.0 68.1 11.98 2.39 7.07 3.27 1.82 2.88 7.28 4.46 0.53 0.55 2.01
34 0.23 31934 331 735 334 466 48.4 216 41.7 104.4 69.9 13.69 2.96 8.52 3.06 2.42 1.91 6.26 5.51 0.47 0.58 2.09
157-956B-
44R-3, 57-71
6 ND 29259 348 778 31.9 446 69.2 317 55.7 128.1 67.4 12.67 3.28 7.37 341 2.67 2.76 5.24 5.54 0.48 0.56 2.21
13-1 0.39 25280 371 633 29.1 325 44.4 239 41.3 88.9 49.2 9.14 2.52 5.37 2.93 1.70 2.84 5.94 4.42 0.57 0.64 2.62
157-956B- <
45R-3, 120-132 m
23 0.74 22561 396 585 24.1 288 375 218 34.7 76.9 41.9 7.98 2.66 5.28 2.43 1.81 2.72 4.88 4.73 0.61 0.69 2.384
26b 0.85 25485 354 581 27.7 309 44.9 224 39.6 84.1 50.3 9.31 2.20 5.76 3.29 2.20 2.66 4.68 4.41 0.52 0.60 2.46y
py)
<
Notes: Sample = sample studied (core, section, interval [cm], and analyzed grain). ND = not determined, and — = not calculated. (La/Sm)(Sm/Yb), (Zr/Y),, (Ba/Nb), (Sr/Sr*),, and (Ti/Dy), are normalized to ClI chondrites (after Anders ‘£|
and Grevesse, 1989). Sr/Srmagnitude of the Sr anomaly on the REE profile defined as S¥/ (<) °5. ,)3
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acterized by the lowest temperature begins to be added into the melt. of olivine- and clinopyroxene-melt equilibria are not free from uncer-
This principleis used, in particular, to model the cotectic melting of tainties, concentrations of these elements in the corrected melts
olivine and clinopyroxene, being realized in the program should be regarded as preliminary. Further high-temperature micro-
PETROLOG for a pressure range from 0.001 to 10 kbar. thermometric studies of melt inclusions should be performed to as-
Inour calculations, we used equations of Ford et a. (1983) for oli- sess whether or not the calculated melt compositions are truly repre-
vine-melt equilibria, and of Ariskin et a. (1987) for clinopyroxene- sentative for the Miocene picritic and basaltic magmas. On the other
melt equilibria. The Fe**/Fe** ratio in the calculated melt was de- hand, the correction procedure for elements highly incompatible with
duced from the Fe?*/Fe** ratios of the coexisting spinel inclusions us- olivine and clinopyroxene (e.g., Ti, Na, K, P, trace elements, and
ing the experimental data on spinel-silicate melt equilibrium after H,0) is nearly a dilution of their measured concentrations by the

Maurel and Maurel (1982) with the equation amounts of olivine and/or clinopyroxene crystallized within the in-
clusions. In most cases, the amounts of added crystal phase are close
log,o(FE?*/Fe™), = 0.764 x |0g,o(FE?*/Fe*) g, — 0.343, 1 = 0.96. to the precision of ion microprobe measurements (2% rela-

tive). In any case, we always use the corrected concentrations, al-
though the same conclusions could be obtained from the uncorrected

Correction of olivine-hosted inclusions was carried out assuming .
minor and trace element values.

alithostatic pressure of 3 kbar inferred from the densities of CO, fluid
inclusions in olivine. Inclusions in clinopyroxene were corrected at )
the varying pressures (<0.5-8 kbar) inferred for each particular melt Major Elements
inclusion. To estimate the pressure, we used the experimentally de-
fined difference in the slopes of olivine and clinopyroxene liquidus The corrected major element compositions of melt inclusions to-
lines obtained for the wide range of temperature and pressure. Indeegéther with calculated temperatures of their entrapment are listed in
the appearance of olivine and clinopyroxene on the magma liquidusppendix Table 3. Corrected compositions of olivine- and clinopy-
is strongly controlled by a pressure. If, for olivine, the slope of the ligroxene-hosted melt inclusions were obtained to be similar to each
uidus line in P-T coordinates was defined to be between 3° and 5°Gther at the same Mg# of melt (Fig. 7). This suggests that the models
kbar, clinopyroxene has a slope of ~10°C/kbar (e.g., Bender et afgr the applied correction of the post-entrapment crystallization were
1978; Nisbet, 1982; Ford et al., 1983; Takahashi and Kushiro, 1983glected correctly, otherwise one would expect discrepancies in the
Ariskin et al., 1987). Because all clinopyroxene phenocrysts crystatoncentrations of CaO and 8k, which are compatible with the cli-
lized on the cotectic with olivine, as follows from the petrographicnopyroxene structure but are present only as traces in olivine. Cor-
observations and the presence of olivine inclusions in clinopyroxeneected compositions of melt inclusions are therefore believed to be
we used this discrepancy (5°C/kbar for olivine and 10°C/kbar for clirepresentative for the melt composition during phenocryst crystalli-
nopyroxene) to estimate the pressure of their crystallization. We trierhtion. Concentrations of major elements, for examplg, Zi0;,
to find such a pressure, so that the difference between calculated teReO, NaO, and KO, are more variable compared to the Miocene
peratures of olivine-melt and clinopyroxene-melt equilibria obtainedshield basalts on Gran Canaria (Fig. 7). Corrected melt inclusions
for the same melt composition would be <5°C. represent melts whose compositions range from tholeiitic to transi-
The correction procedure could significantly affect concentrational basalts, whereas melt inclusions in olivine and clinopyroxene
tions of major elements compatible with olivine and clinopyroxenefrom subaerial shield basalts range from transitional to alkaline com-
as, for instance, Si, Al, Fe, Mg, and Ca. Because the selected modptssitions and are more magnesian (Fig. 8). The bulk compositions of
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the submarine hyaloclastites are characterized by lower contents of of garnet in the mantle source of Miocene shield basalts, as suggested
SiO,, probably, because of the alteration (Fig. 8). by Schmincke (1982) and Hoernle and Schmincke (1993a, 1993b)
K,OITiO, and P,O4/TiO, ratios of the corrected melt inclusion for the Miocene subaerial shield basalts based on major and trace el-
compositions vary significantly throughout the broad range of MgO ements in the whole rocks.
and SIO, contents (0.28-0.64 and 0-@026, respectively; Fig. 9, Another feature of the trace element compositions of melt inclu-
Appendix Table 3). The most extreme variations were found in Sansions is strong negative Ba and Sr anomalies and a positive Ti anom-
ples 157-953C-98R-1,02 cm, 82R-1, 5282 cm, 157-956B-44R- aly, which are also present in the trace element spectra of the sub-
3, 5771 cm, 45R-3, 120132 cm, and 45R-CC~17 cm. It is un-  aerial shield basalts (Fig. 10). Their magnitudes vary very little, as
likely that crystallization of Ti-rich spinel, titanomagnetite, or il- shown by (Ba/Nhk)(0.5-0.6), (Sr/Sr*) (0.6-0.7), and (Ti/Dy, (1.9~
menite could significantly decrease concentrations of Ti in the mel2.9) ratios (Table 4), and correlate neither with the melt enrichment
resulting in the observed variations of thgOKTiO, and BOg/TiO,
ratios because (1) titanomagnetite and ilmenite are found as inc’
sions in low-magnesian clinopyroxene only at Mg#0.8, and (2)
inclusions characterized by elevateddTiO, and BOg/TiO, ratios 6
were found in clinopyroxene with Mg ranging from 0.80 to 0.85.
We therefore think that the observed compositional spectrum refle
that of the parental magmas.
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inclusions from Sites 953 and 956 are listed in Table 4, and the valt 0 . . . . X ) ) . . . .
corrected for the effects of post-entrapment crystallization are sho\
in Figure 10. All inclusions are enriched in light rare earth elemen
(LREE), have (La/Sm)atios ranging from 1.7 to 3.0, and are similar
to subaerially exposed Miocene shield basalts (Schmincke, 19¢ Figure 8. (Na,0+K,0) vs. SO, in olivine- and clinopyroxene-hosted melt
Hoernle and Schmincke, 1993a; Fig. 10). Depletion in heavy ra inclusions corrected for post-entrapment crystallization (see text). Field of
earth elements (HREE) is more significant ((Sm{Y9)4.4-10.2)  the Miocene shield basalts on Gran Canaria s after Hoernle and Schmincke
compared to LREE. This discrepancy between (La/Smdl (Sm/  (1993a), field of submarine volcaniclastic rocks from Site 953 is after
Yb),, and high (Zr/Y) ratio ranging from 4.1 to 5.5 indicate strong schmincke, Weaver, Firth, et al. (1995b). Melt inclusions show a composi-
fl’aCtIOf‘IatIOl’] Of LREE VS. HREE Taklng |nt0 account the Slgnlflcaﬂ tional range from quartz_normative tholeiitic to transitional basalts. Hya|0-
difference in solid-liquid distribution coefficients between LREE: c|agtites at Site 953 are characterized by lower contents of SiO, resulting
and HREEs assumed for garnet (e.g., Green at al., 1989; Keleme! from the post-eruptive rock ateration. Dividing line (1) is after Macdonald
al., 1993; Jenner et al., 1994), this discrepancy indicates the prese and K atsura (1964). For legend see Figure 5.
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Figure 9. Variations of K,O/TiO, and P,Os/TiO, ratiosin melt inclusions. A. K,O/TiO, and P,Os/TiO, vs. MgO, B. K,O/TiO, and P,Og/TiO, vs. SIO,. Because
the variations of K,O/TiO, and P,0s/TiO, ratios cannot be explained by crystallization, the observed compositional spectrum reflects that of the parental mag-
mas. For legend see Figure 5.
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Figure 10. Trace element patterns of olivine- and clinopyroxene-hosted melt inclusions corrected for the effects of post-entrapment crystallization and normal-
ized to chondrites after Anders and Grevesse (1989). A. Site 953. B. Site 956. The insets represent concentrations of rare earth elements. Field of Gran Canaria
Miocene shield lavas are from Schmincke (1982) and Hoernle and Schmincke (1993a). Melt inclusions exhibit the concentrations of trace elements similar to
those of subaerially exposed shield basalts. Strong negative Baand Sr anomalies and a positive Ti anomaly are thought to reflect the composition of the Miocene

mantle source beneath Gran Canaria.

factor (e.g., [La/Sm],) nor between each other. Absence of either a
positive or negative Eu anomaly in the rare earth element (REE) pat-
terns (only two melt inclusions from Site 953 and one inclusion from
Site 956 exhibit slightly positive Eu anomaly), and the presence of
the Baand Sr anomalies argues against substantial plagioclase frac-
tionation or accumulation, as also concluded by Hoernle and
Schmincke (1993a). Schmincke and Flower (1974) and Hoernle and
Schmincke (1993b) also argue that phlogopite and ilmenite might be
residual to high degrees of melting in the Miocene source. The ob-
served Ba, Sr, and Ti anomalies could therefore be ascribed to the
composition of the mantle source that produced the Miocene magmas
of the submarine to emergent stage of Gran Canaria.
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H,0O Concentrations

Measured H,O concentrations in olivine- and clinopyroxene-
hosted melt inclusions arelisted in Table 4, and their corrected values
are presented in Figure 11. All individual inclusion-bearing crystals
were carefully examined to avoid inclusions transected by cracks,
which may have resulted in loss of the dissolved in the melt volatiles
during syn- or post-eruptive cracking of the host mineral. Inclusions
in phenocrysts from hyaloclastites (Samples 157-953C-102R-1, 8-
28 cm, and 98R-1, 0-12 cm) and basalt fragments (Sample 157-
953C-93R-6, 45-55 cm) of Site 953 have systematically lower H,O
concentrations (0.14-0.23 wt%) compared to inclusions in clinopy-



roxenein hyaloclastitesfrom Site 956 (0.39—0.85 wt%; Samples 157-
956B-44R-3, 57-71 cm, and 45R-3, 120-132 cm). These low H,O
concentrations correspond to or are even lower compared to the con-
centrations of H,O defined for mid-ocean ridge basalts (MORB) and
oceanic island basalt magmas (e.g., Moore 1970; Byers et al., 1985;
Garciaet al. 1989; Jambon and Zimmermann, 1990; Muenow et al.,
1990; Michael, 1995; Sobolev and Chaussidon, 1996), and are very
close to the H,O concentrations for melt inclusions in olivine from
subaerial shield basalts of Gran Canaria reported by Gurenko et al.
(1996; Fig. 11).

Magmas parental to the submarine hyal oclastites thought to have
erupted below sea level are unlikely to have been subjected to the
high degrees of degassing, as expected for the subaerially exposed
basalts. Although |eakage of water through the surrounding olivine or
clinopyroxene may occur, the H,O concentrations in melt inclusions
from submarine hyaloclastites are expected to be better estimates of
primary H,O concentrations than those of subaerally erupted lavas
and quenched glasses as shown by Sobolev and Chaussidon (1996).
The hyaloclastites from Site 956 represent more evolved composi-
tions and are stratigraphically correlated to the late more evolved
Hogarzales basalts on Gran Canaria (Schmincke and Segschneider,
Chap. 12, this volume), thus suggesting that H,O concentrations in-
creased significantly during evolution of the basaltic magmas. Alter-
natively, the observed H,O scatter can be ascribed to either deep-
seated degassing or heterogeneity of the mantle source beneath the
Canary Islands.

PARENTAL MAGMAS
Composition of Parental Magmas

The observed compositional variationsin melt inclusions correct-
ed for the post-entrapment crystallization are likely to be similar to
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Figure 11. Concentrations of H,O in melt inclusions vs. MgO. Reference
fields are submarine glasses containing >6 wt.% MgO and taken from Sobo-
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chemical variations in their parental magmas, rather than a result of
low-pressure crystallization of a single magma type. This follows
from the strong variations of SIO, concentrations and relatively con-
stant concentrations of alkalis and the observed scatter of K,O/TiO,
and P,O4/TiO, ratios throughout the broad range of MgO and SiO,
(Figs. 8, 9). These variations cannot be explained by magma crystal-
lization in shallow reservoirs only because (1) crystallization of oliv-
ine, clinopyroxene, and minor plagioclase would cause an enrich-
ment of the evolving melt by both silicaand alkalis, and (2) K,O/TiO,
and P,O4/TiO, ratios should remain constant. Additionally, strong
variations of FeO at the nearly constant MgO (Fig. 7), which cannot
be explained by crystallization of spinel or titanomagnetite, but sug-
gest a spectrum of parental magmas which, probably, resulted from a
polybaric melting process. As shown by numerous experimental
studies (e.g., Jaques and Green, 1980; Stolper, 1980; Falloon and
Green, 1988; Kinzler and Grove, 1993; Hirose and Kushiro, 1993),
partial melts that originated at higher pressures should have higher
FeO contents compared to those in the melts originated at lower pres-
sures. In contrast, FeO content of ameltislittle affected by the degree
of melting at a constant pressure. In the case of naturally quenched
inclusions of glass, onewould not expect a post-entrapment diffusion
of Fe from the melt into the matrix of the host mineral as shown for
recrystallized inclusionsin olivine from Miocene subagerial shield ba-
salts (Gurenko et a., 1996). The observed range of major element
concentrations in the melt inclusions is believed to be due to the
chemical variations of their parental magmas.

Compositions of parental magmas were obtained by simulating
the olivine and clinopyroxene melting using the corrected major ele-
ment compositions of melt inclusions. We used a similar calculation
routine applied for the compositional correction of the post-entrap-
ment crystallization (see above). The calculations were carried out in
two steps. First, we modeled the melting of both olivine and clinopy-
roxene as cotectic phases until the composition of calculated melt be-
came equilibrated with the most magnesian clinopyroxene found in
each particular sample (given in Table 3). Second, we modeled the
melting of olivine only, using the melt compositions obtained during
the first step. The cal culation routine was aborted as soon as the melt
wasin equilibrium with olivine Foy, the most magnesian olivine phe-
nocrysts found in Miocene shield basalts of Gran Canaria (Gurenko
et al., 1996).

Compositions of the calculated parental magmas are listed in Ta-
ble 5. Parental magmas are high magnesian, similar to olivine
basalts-picrites (12.4-18.0 wt% MgO for hyaloclastites from Site
953, and 11.2-15.6 wt% MgO for Site 956) and represent a spectrum
from transitional to tholeiitic compositions (46.7-50.0 wt% SiO, for
Site 953, and 48.7-52.0 wt% SO, for Site 956). This is a broad
range, but the variations within the restricted samples are less signif-
icant (Table 5). The most magnesian parental magma compositions
are very close to picritic primary magmas proposed for the subaerial
Miocene shield basalts on Gran Canaria (Schmincke, 1982; Hoernle
and Schmincke, 1993a; Gurenko et al., 1996), as well asto primary
magmas obtained for Hawaiian shield tholeiites (18.5-21.0 wt%
MgO, 48.0-49.3 wt% SiO,) by Sobolev and Nikogosian (1994), ex-
cept that the observed variationsin SiO, contents for the reported pa-
rental magmas are more significant.

Weinterpret the observed variations in parental magma composi-
tions as reflecting atemporal evolution of the mantle plume. Transi-
tional magmas are supposed to have formed at the beginning of
plume activity (seamount stage), followed by tholeiitic magmas pro-
duced at higher degrees of melting (end of the seamount shield stage
and begin of the subaerial). Alkali basalt magmas exposed on Gran
Canaria (Guigui Formation) described by Gurenko et al. (1996) may
represent a termination of this cycle of magma generation activity.

lev and Chaussidon (1996). MORB = mid-ocean ridge basalts, OIB = oce-
anic idand basdlts, IAT = idand arc tholeiites, and BON = boninites.
Inclusions in olivine from the Miocene shield basdts on Gran Canaria are
taken from Gurenko et al. (1996).

Our interpretation fits well with the “blob” model proposed for the
Canary Islands by Hoernle and Schmincke (1993b) and with the tem-
poral evolution inferred for the history of the Hawaiian mantle plume
(e.g., Wyllie, 1988; Rhodes and Hart, 1995).
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Table 5. Calculated compositions of parental magmas.

Sample SO, TiO, ALO; Fe0O, FeO MnO MgO0 CaO NaO KO POs T(°C) lgfe
157-953C-

82R-1, 52-82

Min 478 25 8.1 0.9 86 009 130 110 1.8 0.8 0.4 1353 -77

Max 492 27 9.6 1.0 9.7 013 144 133 24 12 0.4 1404 7.2

Mean 486 25 8.9 1.0 92 011 139 122 22 1.0 0.4 1374 -75
157-953C-

82R-1, 94-103

Min 471 2.3 7.2 0.9 82 009 124 119 16 0.7 0.4 1340 7.8

Max 491 38 9.7 11 104 013 157 129 2.4 1.0 0.5 1418 -7.1

Mean 479 29 8.1 1.0 96 011 145 125 1.9 0.8 0.4 1386 7.4
157-953C-

83R-7, 0-12

Min 482 24 8.6 1.1 108 010 171 89 17 0.5 0.2 1419 -6

Max 485 24 8.7 12 109 011 172 90 17 0.5 03 1421 6.7

Mean 483 24 8.6 1.1 108 011 171 90 17 05 0.2 1420  -8.7
157-953C-

89R-1, 0-13

Min 479 2.2 8.0 1.0 90 009 138 113 16 0.6 0.2 1359 7.6

Max 492 2.6 9.4 11 103 011 164 126 1.9 0.7 0.3 1431  -6.9

Mean 487 2.4 8.9 1.0 95 010 147 120 17 0.6 0.3 1379 -7.3
157-953C-

90R-1, 82-101

Min 467 25 8.7 1.1 9.9 011 152 87 16 0.6 0.3 1388 -7.1

Max 483 3.0 9.9 12 115 013 180 97 20 0.8 0.4 1447 64

Mean 474 2.8 9.4 1.1 106 012  16.4 94 18 0.7 0.3 1410 -6.8
157-953C-

93R-6, 45-55

Min 476 2.6 8.9 1.0 93 007 143 100 16 0.5 0.3 1367 -7.3

Max 491 36 102 11 104 012 160 111 1.9 0.8 0.4 1395  -7.0

Mean 481 3.0 9.4 1.0 98 010 151 106 17 0.7 0.4 1379 -7.2
157-953C-

97R-2, 0-16

Min 471 26 8.3 1.0 94 007 145 93 15 0.6 0.3 1370  -7.3

Max 500 3.1 9.8 1.1 106 014 168 108 2.0 0.8 0.4 1415 -638

Mean 483 28 9.0 11 102 012 157 101 17 0.7 0.3 1390 -7.1
157-953C-

98R-1, 0-12

Min 467 27 8.6 1.1 100 008 155 89 16 0.6 0.3 1391 7.0

Max 483 34 9.8 1.2 109 016 172 100 20 1.3 0.4 1431  -6.6

Mean 476 3.0 9.3 1.1 104 011  16.0 95 18 0.8 0.4 1403  -6.9
157-953C-

102R-1, 8-28

Min 468 2.9 8.7 1.1 98 010 151 90 16 0.7 0.4 1385  -7.2

Max 481 3.4 9.7 11 108 015 168 109 1.9 0.9 0.5 1429  -87

Mean 474 31 9.2 11 103 012 158 100 1.8 0.8 0.4 1398  -7.0
157-956B-

44R-3, 57-71

Min 487 21 8.4 0.9 82 008 133 92 1.0 0.6 0.3 1334 76

Max 522 29 112 1.1 99 013 152 118 17 1.4 0.5 1366  -7.3

Mean 499 25 100 1.0 90 010 142 107 1.3 0.9 0.4 1349 -75
157-956B-

45R-3, 120-132

Min 487 2.1 8.4 0.8 72 009 113 116 12 0.5 0.3 1272 -83

Max 520 27 114 1.0 97 013 156 144 20 0.9 0.5 1409  -7.1

Mean 49.7 2.3 9.3 0.9 87 011 135 130 1.4 0.7 0.3 1341 -77
157-956B-

45R-CC, 7-17

Min 499 22 9.8 0.8 74 014 112 96 20 0.8 0.5 1289  -82

Max 51.0 35 115 1.0 92 016 146 106 24 1.1 0.6 1382 -72

Mean 505 28 107 0.9 83 015 129 101 22 1.0 0.5 1336  -7.7

Note: Sample = sample studied (core, section, interval [cm]). Min = minimum, Max = maximum, and Mean = average values of major element concentrations obtained on the basis of

olivine- and clinopyroxene-hosted inclusions of glass from the each sample studied.

The occurrence of awide spectrum of magma compositionsasin-
clusionsin olivine and clinopyroxene, even within single specimens,
is striking, thus suggesting two possibilities of parental magma ori-
gin. First, melt inclusions are likely to have preserved melts formed
through crystallization of distinct primary melt batches, whereas the
erupted magmas seem to represent an integrated mixture of these
melts. These primary instantaneous melts are likely to have migrated
separately to shallower magmareservoirs without significant interac-
tion with lithospheric upper mantle and/or crustal rocks, perhaps via
the channel-segregation melting model proposed for Hawaii by
Eggins (1992). Subsequent crystallization of less magnesian olivine,
clinopyroxene and plagioclase phenocrysts may have occurred in
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magma reservoirs filled by these primary (or near-primary) magmas
or by their mixtures. Second, the most silica-rich parental magmas
(observed only in hyaloclastites from Site 956) can a so be interpret-
ed as resulting from re-equilibration or contamination of primitive
melts formed at greater depths during their migration through the
lithosphere, whose thickness beneath Gran Canaria is expected to be
=80 km, to the shallower magma reservoirs.

Temper ature and Pressure of Magma Crystallization

Calculated temperatures of parental magmas equilibrated with
olivine Fog, show a wide range of temperatures (134@%0°C for



MELT, CRYSTAL, AND FLUID INCLUSIONS

Site 953 and 12761410°C for Site 956). Temperature of meltinclu- a

sion trapping (i.e., phenocryst crystallization) correlates positivel 1500 T o
with the composition of the host olivine and clinopyroxene and ranc - Meltinclusions in Ol .
from 1120° to 1290°C. This broad range of temperatures is close 1400 - L -]
the temperature of magma crystallization obtained for subaer -

shield basalts on Gran Canaria (149050°C; Gurenko et al., 1996) %) i - 7
and for Hawaiian shield stage parental magmas (¥HA®0°C; p 1300 - /// .
Sobolev and Nikogosian, 1994; Fig. 12A, B). L // Parental magmas ||, .~ |

The fluid pressure (between 1 and 3 kbar) was estimated for Sa e v __ —

ple 157-953C-93R-5, £27 cm, and 93R-6, 455 cm, calculating 1200 u T f - 7
the isochores for primary G@uid inclusions. Isochores for the GO F o .
system were calculated with the modified Redlich-Kwong equatic 1100 ey

of state after the model of Kerrick and Jacobs (1981) (program FLII
COR; Brown, 1989) using the obtained densities of fluid inclusior
(0.28-0.61 g/cm) and temperature range of 13a@50° C. This es-

timate represents a lower limit of the pressure of magma crystalliz
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tion because we cannot exclude the possibility of decrepitation a 0.74 0.78 0.82 0.86 0.90
concomitant crack-healing of fluid inclusions during magma ascer B 1400 T T T T T T T T T T T T T T T
The pressure of 3 kbar seems to be realistic because a close valt L Meltinclusions in Cpx _
4.5 kbar was obtained for one clinopyroxene-hosted melt inclusic

from the Sample 157-953C-93R-6,85 cm, during the correction o 1300 EE |
of post-entrapment crystallization (Appendix Table 3). Alternatively e r o _s ! ®-
if the low-density fluid inclusions do not represent inclusions decre| 1200 F _ D/Eﬁ%@ﬁ ..ﬁ J
itated during the magma assent, the lowest pressures of 1 kbar m B e D.Q « % ¢ e

correspond to a crustal holding reservoir for the large-volume shie o ® L ¢ ¢ ]
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Pressure of clinopyroxene crystallization estimated during tt
correction of post-entrapment crystallization (see above) shows
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wide range from <0.5 to 8 kbar (Fig. 12B). In contrast to the tempe 8 I O . o 9
atures showing a good correlation with olivine and clinopyroxen g 6 i O o . ]
compositions, pressure does not correlate at all. Taking into accor < L i o o NS
that most of cIinqpyroxgne crystals are strongly norrn_ally and i_r Q€ a4t O D.E o Hice 07 1
versely zoned, this implies that growing crystals could interact wi r e 03 g e O e 1
melts of significantly different composition reflecting the dynamics 2T N el 000 ]
of melt migration and storage in several magma reservoirs locatec oL v e, e,
lower crustal to even upper mantle depths. Phenocrysts of more pri 0.74 078 0.82 0.86 0.90

itive magmas might be expected to have formed at greater pressu
as it may be seen for clinopyroxenes of Mg# >0.87 (Fig. 12B). Tt
majority of the clinopyroxene phenocrysts with Mg# ranging fron Figure 12. Temperature and pressure of magma crystallization vs. olivine and
0.79 to 0.86 crystallized at pressures €56 kbar, thereby reflecting clinopyroxene composition (see text for explanations). A. Temperature of

the depths of magma reservoirs located between the appropri yiyine crystallization. B. Temperature and pressure of clinopyroxene crystal-
depth of the Moho beneath the Canary Islands (15 km) and the up 4 bt P o i

Mg/(Mg+Fe), Cpx-host

lization. Reference lines: | = Miocene shield basalts of Gran Canaria

crust. (Gurenko et al., 1996); 11 = Mauna Loa shield tholeiites, Hawaii (Sobolev
. and Nikogosian, 1994); Il and IV = MORBs from FAMOUS area (lI1)

Redox Conditions (Kamenetsky et al., 1995) and Vema fracture zone (1V: Sobolev et al. 1989).

" L For legend see Figure 5.
Redox conditions of magma crystallization were deduced for tt & g

entire range of temperature and melt composition based on the mod-
els of Sack et al (1980), Kilinc et al. (1983), and Borisov and Shapkiditions as observed for the late-stage crystallization of Gran Canaria
(1990), using the calculated temperature%/Fe* ratios, and major  shield stage magmas (Gurenko et al., 1996).
element compositions of the corrected melt inclusions and calculated
parental magmas. Calculated values of oxygen fugacity (average and
+ 10) are listed in Appendix Table 3 and plotted in Figure 12. These
three models are in good agreement between one another, so that 1
does not exceetl0.4 log unit, although the uncertainty of the method = The presence of CQich fluid inclusions indicates that the paren-
is estimated to be better than 0.7 log unit. tal magmas were fluid-saturated at the depth of phenocryst crystalli-
Although the calculated parental magmas show a significant conzation. To estimate the concentrations of carbon dioxide in the paren-
positional range (Table 5), their early crystallization defined for bothal magmas, we used the €dissolution models of Spera and Berg-
Sites 953 and 956 occurred at redox conditions similar to FMQ-1 anan (1980) and Spera (1984) taking into account that all analyzed
WM-1 and correspond to those obtained for the primitive subaeridluid inclusions contain nearly pure GQriple point-56.6+ 0.2°C).
shield magmas of Gran Canaria and Hawaii (e.g., Sobolev and NBecause of the very low solubility of G silicate melts, ascent of
kogosian, 1994; Gurenko et al., 1996; Fig. 13). Further crystallizatiothe basaltic magma from greater to lower depths result in exsolution
of parental magmas is likely to have been accompanied by progresft a CQ-rich vapor phase (occurring as fluid inclusions in phenoc-
sive oxidation up to the conditions corresponding to the FMQ-NNQysts) and consequent decrease of the d@i€3olved in the melt. Our
buffers in case of hyaloclastites from Site 953, and up to thestimates are therefore totally dependent on the pressure, and should
NNO+0.5—- NNO+1 conditions in case of Site 956, the sémpeon-  be regarded as preliminary.

Composition of Fluid Coexisting with Magma
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(zrlY), ratio of 4.15.5 argues for the presence of garnet in the
mantle source of the Miocene picritic and basaltic magmas.

2. Crystallization of primary magmas is believed to have occurred
over the range of 14961150°C at pressures from <0.5 to 8
kbar producing olivine of Egg,, high-Ti chrome spinel (2-5
18.7 wt% TiQ) with Cr# ranging from 0.17 to 0.74 and Mg#
from 0.21 to 0.58, and clinopyroxene of Mg# 0.74-0.90 and
WO04;,_47, Enyisp FSo15. The redox conditions varied from the
conditions corresponding to FMQ-1-WM-1 during the early
crystallization stage, to late-stage crystallization conditions of
FMQ - NNO+1.

3. Crystallization of magma occurred in the presence of fluid of
essentially C@ composition. Calculated concentrations of
carbon dioxide in the primary magmas are between 0.07 and
0.20 wt% CQ.
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Appendix Table 1. Compositions of spinel inclusionsand their host olivines and clinopyroxenes.

Sample Phase SO, TiO, AlO; Cr0; FeO, MnO MgO CadO NiO NaO Fe0O, FeO Mg#  Crt  Fe?lFe™
157-953C-
82R-1, 94-103
70a tim-1 013 1692 444 225 6377 043 727 ND 027 ND 3150 3542 0268 0254 125
cpx 4693 274 572 010 719 010 1384 2168 ND 050  — — 0774  — =
ilm-1 006 4417 063 027 4144 031 812 ND 015 ND 1846 2483 0368 0225 1.49
cpx 4920 197 364 017 665 016 1504 2159 ND 043  — — 0801  — =
157-953C-
83R-7, 0-12
53 sp-1 007 670 11.02 3277 3650 023 1014 ND 029 ND 1453 2342 0436 0666 1.79
cpx 4961 155 349 109 608 014 1664 1962 ND 039 — — 0830 — —
157-953C-
89R-1, 0-13
24 sp-1 008 1295 769 1352 5361 033 825 ND 029 ND 2493 3118 0320 0541  1.39
cpx 4721 248 515 061 693 013 1434 2099 ND 047  — — 0787 — —
36 sp-1 013 870 1160 2071 4494 030 927 ND 033 ND  20.87 2616 0387 0545 1.39
cpx 4733 214 551 069 649 012 1457 2088 ND 049  — — 0800 — —
38 sp-1 010 750 1098 2618 41.99 025 943 ND 028 ND 1889 2499 0402 0615 147
cpx 4947 146 320 067 583 013 1594 2078 ND 041 — — 0830 — —
40 sp-1 011 1007 992 17.86 4912 031 872 ND 031 ND 2334 2812 0356 0547 1.34
cpx 4722 236 566 082 672 013 1410 21.01 ND 048  — — 0789 — =
157-953C-
90R-1, 82-101
6 sp-1 010 831 1055 2490 4224 031 930 ND 027 ND 1855 2555 0394 0613 153
cpx 5079 126 255 065 611 015 1688 1989  ND 036  — — 0831 — —
13 sp-1 018 829 1119 2555 41.72 030 940 ND 029 ND 1762 258 0393 0605 1.63
cpx 4956 156  3.68 066 663 017 1630 19.86 ND 042 — — 0814  — -
157-953C-
93R-5, 13-27
48a sp-1 007 339 1292 4464 2573 024 1218 ND 032 ND 855 18.04 0546 0699  2.35
sp-2 008 308 1307 44.90 2533 024 1227 ND 031 ND 858 17.61 0554 0.697 228
sp-3 008 344 1246 4498 2630 023 11.92 ND 032 ND 865 1852 0534 0708 238
ol 4013 005 005 011 1139 017 4742 023 047 ND — — 881 — —
48b sp-4 008 320 1172 4436 2831 022 1067 ND 033 ND 942 1983 0490 0718 234
ol 3952 002 005 012 1325 017 4592 023 043  ND — — 7 861 — —
51 sp-1 010 342 1204 4400 2791 027 1073 ND 025 ND 881 1998 0489 0710 252
sp-3 009 442 1213 4175 3008 026 10.35 ND 030 ND 937 21.65 0460 0698 257
ol 4008 004 005 006 1280 017 4647 025 035 ND — — " 866 — —
52 sp-1 0.07 391 1395 4345 2552 022 1239 ND 030 ND 7.82 1848 0545 0676  2.62
sp-2 016 255 1403 4491 2389 024 1193 ND 028  ND 710 1750 0549 0682 274
ol 4026 004 005 009 1057 016 4820 022 049 ND — — 890 — —
53 sp-1 0.07 250 12.88 4752 2261 023 1252 ND 025 ND 6.82 1648 0575 0712  2.69
ol 4014 004 007 010 1053 016 4808 021 045 ND - — 891 — —
54 sp-1 011 398 1160 4249 2805 025 1182 ND 032 ND 1039 1870 0530 0711  2.00
sp-2 008 417 1153 4310 2750 026 1186 ND 034  ND 967 1880 0529 0715 216
ol 4002 003 004 007 1181 017 4717 025 045 ND — — 817 — —
55 sp-1 0.08 380 11.97 4181 3012 029 1031 ND 030 ND 1028 20.87 0468 0701  2.26
ol 39.83 004 005 008 1317 020 4613 027 039 ND — — 862 — —
56 sp-1 0.08 248 1128 4502 28.93 024 1001 ND 029 ND 995 1998 0472 0728  2.23
sp-2 007 340 1187 4477 2819 023 1077 ND 029 ND 8.95 2013 0488 0717 250
ol 3983 004 005 009 1255 015 4657 022 051  ND — — 869 — —
58 sp-1 009 568 1250 3242 3740 023 971 ND 034 ND 1534 2359 0423 0635 171
sp-2 012 556 1295 3203 37.08 033 989 ND 025 ND 1538 2324 0431 0624 168
ol 3946 003 004 005 1557 019 4405 027 034 ND — — 835 — =
59 sp-1 0.09 885 1021 2843 4219 034 847 ND 030 ND 1568 2807 0350 0651  1.99
sp-2 010 509 1229 3577 3585 030 898 ND 025 ND 1292 2422 0398 0661 208
ol 3909 003 004 005 1635 024 4320 028 033 ND — — 825 — —
61 sp-1 016 298 1173 4438 2816 025 1073 ND 030 ND 952 1958 0494 0717  2.29
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Appendix Table 1 (continued).

MELT, CRYSTAL, AND FLUID INCLUSIONS

Sample Phase S  TiO, AlL,O; CrO; FeQqy MnO MgO CaO NiO NaO FeO; FeO Mg#* Cr# Fé'Fe*
ol 39.40 0.05 0.05 0.07  13.17 0.20 45.93 0.23 0.38 ND — 86.1 — —

63 sp-1 0.07 3.76 11.13 45.00 27.78 0.24 11.47 N 0.3 ND 9.43 19.29 0.515 0.731 2.27
sp-2 0.08 4.10 11.23 43.95 28.28 0.24 11.13 ND 0.27 ND 9.18 20.02 0.498 0.724 2.42
ol 40.69 0.05 0.03 0.08 11.81 0.18 46.68 0.23 0.42 ND — — 87.6 — —

64 sp-1 0.07 2.92 13.13 44.02 26.56 0.22 12.36 ND 0.37 ND 10.14 17.43 0.558 0.692 1.91
ol 41.40 0.04 0.05 0.09 11.30 0.17 47.71 0.21 0.51 ND — — 88.3 — —

66 sp-1 0.08 6.75 10.73 33.15  37.05 0.27 9.92 ND 0.30 ND 14.63  23.88 0.426  0.675 1.81
sp-4 0.09 6.03 11.66  33.62  36.59 0.33 9.51 ND 0.30 ND 14.09 23.91 0.415  0.659 1.89
ol 40.45 0.05 0.04 0.06 14.87 0.21 44.55 0.30 0.30 ND — — 84.2 — —

157-953C-

93R-6, 45-55

7 sp-2 0.12 7.28 9.59 24.30 45.90 0.29 9.48 ND 0.28 ND 23.52 24.74 0.406 0.630 1.17
sp-3 0.13 7.14 9.61 24.62 45.87 0.26 9.32 ND 0.30 ND 23.32 24.88 0.400 0.632 1.19
cpx 51.32 1.35 2.50 0.55 6.32 0.13 17.00  20.11 ND 0.38 — — 0.827 — —

33 sp-1 0.10 4.37 12,13  31.37  40.61 0.26 9.48 ND 0.25 ND 19.67 2291 0.425 0.634 1.29
ol 39.07 0.03 0.05 0.04 17.43 0.28 42.47 0.30 0.28 ND — — 81.3 — —

35 sp-1 0.13 5.62 10.93 30.82 40.78 0.26 9.26 ND 0.28 ND 18.63 24.02 0.407 0.654 1.43
sp-3 0.08 4.72 10.46 34.43 38.50 0.28 9.34 ND 0.26 ND 17.31 22.93 0.421 0.688 1.47
ol 39.11 0.04 0.03 0.06 17.14 0.26 42.75 0.27 0.32 ND — — 81.6 — —

37 sp-1 0.08 5.91 1050 3254  39.77 0.29 9.58 ND 0.32 ND 17.68  23.86 0.417  0.675 1.50
ol 39.17 0.05 0.07 0.08 17.09 0.22 43.10 0.31 0.37 ND — — 81.8 — —
sp-2 0.14 4.26 10.57 37.59 36.54 0.21 9.58 ND 0.29 ND 15.48 22.60 0.430 0.705 1.62
sp-3 0.10 4.27 10.70 36.92 36.63 0.26 9.49 ND 0.26 ND 15.67 22.52 0.429 0.698 1.60
ol 39.22 0.06 0.06 0.07 16.69 0.25 43.03 0.30 0.25 ND — — 82.1 — —
sp-4 0.09 5.35 10.79 31.62 40.93 0.30 9.01 ND 0.24 ND 18.64 24.15 0.399 0.663 1.44
ol 38.73 0.04 0.05 0.04 17.76 0.31 42.07 0.28 0.28 ND — — 80.9 — —

41 sp-1 0.06 7.27 10.49  29.25  40.89 0.27 9.93 ND 0.28 ND 18.30  24.42 0.420  0.652 1.48
sp-2 0.08 4.76 11.57 34.22 38.60 0.32 9.78 ND 0.30 ND 17.47 22.88 0.433 0.665 1.46
sp-3 0.08 5.28 11.10 32.84 39.24 0.27 9.85 ND 0.27 ND 18.02 23.02 0.433 0.665 1.42
sp-4 0.09 5.15 11.25 32.96 38.80 0.24 9.73 ND 0.24 ND 17.51 23.04 0.429 0.663 1.46
ol 38.93 0.04 0.04 0.06 16.61 0.26 43.18 0.32 0.30 ND — — 82.3 — —

43 sp-1 0.10 5.28 10.82 3540  36.05 0.26 10.03 ND 0.30 ND 15.11 22.45 0.443  0.687 1.65
ol 39.25 0.05 0.04 0.07 16.15 0.23 43.93 0.27 0.31 ND — — 82.9 — —

44 sp-1 0.09 4.84 11.69 31.49 40.00 0.22 9.39 ND 0.32 ND 18.69 23.18 0.419 0.644 1.38
sp-2 0.06 4.64 11.63 33.27 39.79 0.29 9.38 ND 0.25 ND 18.25 23.37 0.417 0.657 1.42
ol 38.80 0.05 0.05 0.05 17.43 0.25 42.51 0.29 0.30 ND — — 81.3 — —

157-953C-

97R-2, 0-16

71 sp-1 0.09 7.52 11.19 25.48 43.47 0.25 9.76 ND 0.29 ND 20.56 24.97 0.411 0.604 1.35
cpx 50.87 1.21 2.90 0.65 6.47 0.16 16.86 19.56 ND 0.39 — — 0.823 — —

8la sp-1 0.11 11.30 11.11 17.94  49.72 0.41 6.60 ND 0.20 ND 18.68  32.91 0.263  0.520 1.96
cpx 49.59 1.83 4.12 0.75 6.31 0.15 15.53 20.48 ND 0.43 — — 0.815 — —
sp-3 0.08 8.33 11.10 25.76 42.72 0.27 9.46 ND 0.34 ND 18.53 26.04 0.393 0.609 1.56
cpx 50.70 1.44 3.03 0.75 5.89 0.12 16.22 20.54 ND 0.40 — — 0.831 — —

157-953C-

98R-1, 0-12

45 sp-1 0.10 7.04 942  30.01 4154 0.24 9.54 ND 0.33 ND 18.82  24.61 0.409  0.681 1.45
cpx 51.39 1.20 2.49 0.81 6.46 0.12 17.94 18.32 ND 0.39 — — 0.832 — —

48 sp-1 0.12 8.05 11.07  24.07  43.52 0.26 9.65 ND 0.26 ND 20.23  25.32 0.404  0.593 1.39
cpx 50.62 1.36 3.09 0.72 6.12 0.12 16.19 20.74 ND 0.41 — — 0.825 — —

54 sp-1 0.08 8.61 11.10 22.51 44.97 0.30 9.61 ND 0.28 ND 21.16 25.93 0.398 0.576 1.36
cpx 50.46 1.36 2.94 0.60 6.21 0.12 16.08 20.25 ND 0.40 — — 0.822 — —

56 ilm-1 0.05  47.46 0.56 0.83 39.91 0.35 7.82 ND 0.15 ND 12,92 28.29 0.330  0.502 2.43
ilm-2 0.09 47.62 0.55 0.78  39.79 0.36 7.82 ND 0.09 ND 12,53 2851 0.328  0.487 2.53
cpx 48.41 2.45 4.32 0.35 7.76 0.14 14.39 20.15 ND 0.46 — — 0.768 — —

157-953C-

102R-1, 8-28

6 sp-1 0.09 12.05 7.54 17.83 50.51 0.33 7.65 ND 0.25 ND 21.56 31.10 0.305 0.613 1.60
sp-2 0.07 11.98 7.67 18.04 50.75 0.35 7.80 ND 0.22 ND 21.91 31.03 0.309 0.612 1.57
cpx 48.20 2.35 4.97 0.71 6.93 0.13 14.27  20.80 ND 0.46 — — 0.786 — —

7 sp-1 0.11 6.77 11.27  28.58  40.29 0.21 9.77 ND 0.31 ND 18.05  24.05 0.420  0.630 1.48
cpx 50.70 1.26 3.33 0.91 6.60 0.16 16.83 18.71 ND 0.37 — — 0.820 — —

10 sp-1 0.10 10.93 5.03 9.55 62.05 0.38 8.10 ND 0.35 ND 36.50 29.20 0.331 0.560 0.89
cpx 48.12 251 4.63 0.49 7.50 0.14 14.08 20.37 ND 0.47 — — 0.770 — —
ilm 1.97 40.98 2.81 3.49 37.29 0.22 6.90 ND 0.07 ND 11.89 26.59 0.316 0.455 2.49
cpx 48.61 2.29 4.27 0.36 7.52 0.15 14.36  20.40 ND 0.47 — — 0.773 — —

13 sp-2 0.08 8.82 10.47 2593  43.04 0.25 9.54 ND 0.34 ND 18.49  26.40 0.392 0.624 1.59
cpx 49.75 1.77 3.99 0.95 6.48 0.16 15.66 20.02 ND 0.40 — — 0.812 — —

18 sp-1 0.13 7.57 10.08 29.50 39.51 0.24 10.05 ND 0.33 ND 17.08 24.14 0.426 0.663 1.57
cpx 51.74 1.21 2.09 0.65 5.88 0.17 17.23 19.84 ND 0.34 — — 0.839 — —

35 sp-1 0.06 8.12 10.35 27.04 41.80 0.26 9.35 ND 0.28 ND 17.92 25.67 0.394 0.637 1.59
cpx 51.05 1.29 2.52 0.64 6.33 0.15 16.64 19.89 ND 0.35 — — 0.824 — —

157-956B-

44R-3, 57-71

2 timt-1 0.08 15.43 4.19 1.30 68.17 0.31 5.51 ND 0.21 ND 34.84 36.82 0.211 0.172 1.17
cpx 49.28 1.47 3.38 0.53 6.75 0.18 15.13 20.89 ND 0.42 — — 0.800 — —

9 timt-2 0.11 15.26 4.41 1.44 69.67 0.39 6.17 ND 0.26 ND 36.92 36.45 0.232 0.179 1.10
cpx 49.17 1.85 4.30 0.13 7.41 0.14 14.80 21.19 ND 0.39 — — 0.781 — —

14b ilm-1 0.04 44.12 0.54 0.18  45.89 0.36 6.42 ND 0.04 ND 20.06 27.84 0.291  0.180 1.54
cpx 50.26 1.54 3.48 0.07 7.67 0.20 15.21 20.90 0.40 — — 0.780 — —

157-956B-

45R-3,120-132

20 sp-1 0.11 8.23 8.64  14.29 56.80 0.28 8.68 ND 0.32 ND 3332 26.81 0.366  0.526 0.89
cpx 49.57 1.48 3.85 0.50 6.30 0.13 15.39 21.16 ND 0.41 — — 0.813 — —

24 timt-1 0.06 11.25 7.46 435  68.08 0.34 6.40 ND 0.24 ND 38.81 33.15 0.256  0.281 0.95
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Appendix Table 1 (continued).

Sample Phase S0 TiO, AlLO; Cr,0; FeQ, MnO MgO cao NiO NaO  FeO, FeO Mg#* Cr#t FéFe*

cpx 49.35 1.67 4.21 0.40 6.95 0.15 14.91 21.18 ND 0.39 — — 0.793 — —

33 sp-1 0.48 9.70 7.85 10.34 60.41 0.30 8.22 ND 0.24 ND 34.52 29.34 0.333 0.469 0.94
cpx 49.52 1.58 4.27 0.44 6.37 0.12 15.09 21.62 ND 0.37 — — 0.809 — —
sp-2 0.10 7.92 8.37 15.19 56.64 0.33 8.78 ND 0.33 ND 33.63 26.37 0.372 0.549 0.87
cpx 50.40 1.36 3.46 0.53 5.97 0.12 15.71 21.87 ND 0.34 — — 0.824 — —

39 sp-1 0.13 12.33 5.91 8.87 62.57 0.32 7.33 ND 0.23 ND 33.62 32.32 0.288 0.502 1.07
cpx 50.57 1.48 3.32 0.22 6.76 0.14 15.53 21.57 ND 0.34 — — 0.804 — —

51 sp-1 0.13 14.74 5.90 5.59 63.35 0.31 7.52 ND 0.26 ND 32.38 34.21 0.282 0.389 1.17
cpx 49.57 1.78 4.15 0.34 6.69 0.12 15.15 21.40 ND 0.38 — — 0.801 — —

52 sp-1 0.06 8.86 8.06 18.07 52.63 0.24 7.76 ND 0.24 ND 27.14 28.21 0.329 0.601 1.15
cpx 49.45 1.39 3.47 0.49 5.82 0.13 15.28 21.35 ND 0.44 — — 0.824 — —

157-956B-

45R-CC, 51-71

57 sp-1 0.10 10.32 6.51 11.06 59.66 0.31 7.30 ND 0.24 ND 33.06 29.91 0.303 0.532 1.01
cpx 49.23 1.52 3.82 0.45 6.83 0.14 15.12 20.61 ND 0.50 — — 0.798 — —

72 sp-1 0.24 12.06 6.12 7.26 63.04 0.34 7.72 ND 0.32 ND 35.17 31.39 0.305 0.443 0.99
CpX 49.51 1.84 4.25 0.31 6.96 0.14 15.05 21.31 ND 0.38 — — 0.794 — —

73 timt-1 0.15 18.69 4.27 1.53 66.08 0.35 6.21 ND 0.18 ND 29.63 39.41 0.219 0.194 1.48
cpx 50.55 1.72 3.00 0.09 7.88 0.15 15.14 20.67 ND 0.39 — — 0.774 — —

74 sp-1 0.09 3.99 8.24 35.81 40.16 0.30 9.35 ND 0.21 ND 20.17 22.00 0.431 0.744 1.21
cpx 52.47 0.75 1.85 0.79 5.00 0.11 16.93 21.76 ND 0.30 — — 0.858 — —

Notes: Sample = sample studied (core, section, interval [cm], and analyzed grain). FeO,,; = measured with electron microprobe. Fe,O; and FeO are calculated on the basis of stoichi-
ometry, for spinel and Ti-magnetite from genera spinel formula (A%%)(B%),0,, taking in to account the presence of Ti as ulvéspinel componetij,(F&+)0,, and for ilmenite
from formula Fé*TiO; assuming the presence of,©g component. * = for spinel and titanomagnetite Mg# is atomic ratio Mgi{Mg*), for olivine, mol% Fo, for clinopyrox-
ene -atomic ratio Mg/(Mg Fe,,), and Cr# = atomic ratio Cr/(GrAl). Inclusions include: sp = spinel, mt = titanomagnetite, and ilm = ilmenite. Host minerals include: ol = olivine
and cpx = clinopyroxene. — = not calculated, and ND = not determined.

Appendix Table 2. Analyses of olivine, clinopyroxene and plagioclase inclusions, and their host minerals.

Sample Phase S0 TiO, AlLO; Cr,0; FeQy MnO MgO CaO NiO NaO K,O  Mg#,An
157-953C-
82R-1, 52-82
60 ol-incl 37.94 0.06 0.04 0.05 18.66 0.26 40.54 0.46 0.21 ND ND 79.5
cpx-host  49.30 1.95 3.67 0.32 6.57 0.13 14.86 21.35 0.03 0.45 ND 0.801
157-953C-
82R-1, 94-103
70 ol-incl 39.26 0.08 0.05 0.0 19.63 0.36 39.80 0.46 0.29 ND ND 78.3
cpx-host  49.20 1.97 3.64 0.17 6.65 0.16 15.04 21.59 0.03 0.43 ND 0.801
157-953C-
83R-7, 0-12
43 ol-incl 37.70 0.09 0.07 0.05 18.91 0.29 40.20 0.47 0.24 ND ND 79.1
cpx-host  49.46 1.66 3.26 0.38 6.67 0.15 15.49 20.76 0.06 0.44 ND 0.805
44 ol-incl 38.16 0.06 0.05 0.07 18.52 0.27 40.54 0.47 0.28 ND ND 79.6
cpx-host  49.20 1.63 3.27 0.49 6.45 0.11 16.03 20.27 0.05 0.41 ND 0.816
50 ol-incl-1  38.40 0.05 0.05 0.05 18.44 0.26 40.98 0.40 0.27 ND ND 79.8
ol-incl-2  38.27 0.04 0.05 0.05 18.36 0.29 41.08 0.35 0.28 ND ND 80.0
cpx-host  48.64 1.88 4.80 0.79 6.59 0.11 15.07 20.04 0.09 0.49 ND 0.803
51 ol-incl 38.11 0.06 0.05 0.05 18.71 0.26 40.73 0.40 0.26 ND ND 5
cpx-host  48.99 1.88 3.86 0.77 6.53 0.13 15.88 19.87 0.08 0.44 ND 0.812
157-953C-
89R-1, 0-13
24 ol-incl 38.04 0.09 0.06 0.05 17.83 0.25 41.24 0.48 0.29 ND ND 80.5
cpx-host  49.11 1.79 3.46 0.40 6.71 0.16 15.33 20.95 0.06 0.45 ND 0.803
25 ol-incl 37.93 0.08 0.07 0.05 17.88 0.22 41.23 0.44 0.29 ND ND 4
cpx-host  47.81 2.11 5.21 0.78 6.42 0.15 14.77 20.70 0.08 0.46 ND 0.804
29 ol-incl 37.98 0.05 0.04 0.04 18.33 0.28 40.75 0.43 0.23 ND ND 79.9
cpx-host  48.93 1.57 3.44 0.62 6.12 0.12 15.40 21.11 0.06 0.42 ND 0.818
36 ol-incl-1  38.08 0.07 0.06 0.04 17.81 0.31 41.43 0.41 0.29 ND ND 80.6
ol-incl-2  38.07 0.08 0.09 0.05 17.57 0.28 41.44 0.44 0.24 ND ND 80.8
cpx-host  50.20 1.43 3.08 0.52 6.14 0.12 16.07 20.60 0.04 0.42 ND 0.824
157-953C-
90R-1, 82-101
7 ol-incl 38.18 0.05 0.04 0.06 16.87 0.27 42.02 0.41 0.30 ND ND 81.6
cpx-host  50.84 1.22 2.89 0.67 6.15 0.15 16.71 19.86 0.04 0.40 ND 0.829
8 ol-incl-1  37.96 0.07 0.06 0.06 18.67 0.27 40.95 0.41 0.27 ND ND 79.6

ol-incl-2  38.09 0.09 0.04 0.05 18.42 0.25 40.99 0.41 0.28 ND ND 79.9
cpx-host  50.93 141 2.75 0.54 6.36 0.16 16.72 20.05 0.06 0.41 ND 0.824

11 ol-incl-1  38.12 0.06 0.04 0.02 18.42 0.25 41.33 0.37 0.29 ND ND 80.0
cpx-host ~ 48.81 1.95 4.55 0.86 6.32 0.10 15.25 20.38 0.07 0.44 ND 0.811
ol-incl-2  38.42 0.06 0.05 0.03 18.27 0.27 41.19 0.43 0.29 ND ND 80.1
cpx-host  48.70 1.76 3.98 0.70 6.16 0.14 15.69 20.33 0.07 0.43 ND 0.820

12 ol-incl 37.90 0.04 0.05 0.05 18.45 0.27 41.01 0.43 0.32 ND ND 79.8
cpx-host  49.15 1.97 4.24 0.67 6.72 0.14 15.61 19.91 0.05 0.45 ND 0.805

16 ol-incl 38.16 0.05 0.06 0.05 17.56 0.25 41.50 0.43 0.33 ND ND 8
cpx-host  49.06 171 4.29 0.96 6.33 0.15 15.69 20.23 0.07 0.43 ND 0.815

157-953C-

93R-5, 13-27

70 ol-incl 38.45 0.05 0.06 0.06 18.98 0.27 40.82 0.41 0.29 ND ND 79.3
cpx-host  49.55 1.98 4.07 0.80 6.99 0.11 16.03 19.70 0.09 0.44 ND 0.804
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Appendix Table 2 (continued).

Sample Phase SO, TiO, Al,O; Cr,0; FeO, MnO MgO0 CaO NiO NaO K,O0 Mg#An
157-953C-
93R-6, 45-55
19 cpx-ind 5026 180 370 067 695 011 1500 2121 tr. 041  ND 0.794
o-host 3816 003 006 003 1750 025 4232 030 032 ND ND 812
34 cpx-ind 5071 139 335 106 660 014 1666 1981 010 043 ND 0.818
o-host 3918 005 005 003 1794 024 4231 031 034 ND ND 8038
157-953C-
97R-2, 0-16
71 ol-incl 3851 004 004 005 1706 025 4216 033 026 ND ND 815
cpx-host 5077 122 276 061 623 016 1676 2002 002 038 ND 0.828
82 o-ind-1 3851 006 005 007 1800 025 4140 040 028 ND ND 804
o-ind-2 3855 006 005 005 17.95 024 4156 039 029 ND ND 805
o-inc-3 3823 006 005 004 1793 023 4135 042 029 ND ND 804
cpx-host 4972 173 376 068 627 012 1563 2037 004 040 ND 0.816
157-953C-
98R-1, 0-12
62 ol-incl 3871 006 004 005 1791 028 4162 030 031 ND ND 805
cpx-host 5059 131 296 049 651 016 1662 1971 006 040  ND 0.820
157-953C-
102R-1, 8-28
3 ol-incl 3866 004 009 007 1762 027 4181 036 029 ND ND 809
cpx-host 5058 143 293 066 617 015 1593 2017 002 039 ND 0.821
1 ol-incl 3889 004 005 005 1788 029 4213 038 026 ND ND 8038
cpx-host 5045 145 297 068 58 011 1578 2105 006 040  ND 0.827
14 ol-incl 3814 004 003 004 1778 026 4142 043 024 ND ND 806
cpx-host 5065 140 287 056 603 013 1579 2075 007 040  ND 0.823
27 ol-incl 3820 008 005 005 1873 029 4098 038 023 ND ND 796
cpx-host 4981 168 358 063 649 014 1553 2038 003 042 ND 0.810
157-956B-
45R-3,120-132
49 pl-incl 5131 015 3069  ND 100  ND 008 1385 ND 354 018 684
cpx-host 4952 160 379 026 671 015 1547 2085 001 042  ND 0.804
157-956B-
45R-CC, 7-17
61 pl-incl 4797 011 3250 ND 084 ND 003 1613  ND 187 009 827
cpx-host 4876 166 395 027 716 012 148 2079 003 043  ND 0.787
72 pl-incl 4949 014 3242  ND 088  ND 005 1542  ND 274 008 757

cpx-host  49.51 1.84 4.25 0.31 6.96 014 1505 2131 0.06 0.38 ND 0.794

Notes: Sample = sample studied (core, grain, interval [cm], analyzed grain). FeO,, = measured with electron microprobe, Mg# = mol% Fo in olivine, atomic ratio Mg/(Mg + Fe,) in
clinopyroxene. An = mol.% An in plagioclase, ol-incl = inclusions of olivine, cpx-incl = inclusions of clinopyroxene, pl-incl = inclusions of plagioclase, cpx-host = host clinopy-
roxene, and ol-host = host olivine. ND = not determined, and tr. = traces.

395



96¢€

Appendix Table 3. Major element compositions of melt inclusions and their host olivine and clinopyroxene, and calculated compositions of the trapped melts.

Sample  Phase SO, TiO, AlLO, Cr0, FeO, FeO MnO MgO0 CaO NaO KO PO, Tod Mg#Fo T(°C) P(kbar) Ifop, Olygq CpXag KoO/TIO, P05TIO,

157-953C-
82R-1, 52-82
57a gl 45.63 4.52 13.49 0.02 — 11.95 0.17 5.24 9.82 3.76 2.05 0.71 97.36  0.439 — — — — — —
mit 47.4 4.1 12.6 0.02 2.3 9.8 0.15 6.7 111 3.4 1.9 0.7 100.0 0.548 1207 6.1 -8.1 0 11.3 0.45 0.16
cpx 48.47 2.16 4.50 0.40 — 6.57 0.12 1449 2154 0.48 ND ND 98.72  0.79% —_ — — — — —
57b gl-1 48.04 4.04 14.38 0.06 — 10.48 0.21 5.01 9.84 3.88 1.89 0.71 98.54  0.460 — — — — — —
mit-1  49.2 3.5 12.9 0.05 1.9 8.5 0.18 6.7 11.4 3.4 1.6 0.6 100.0 0.586 1194 3.9 -8.2 0 14.3 0.47 0.18
gl-2 47.81 4.31 14.26 0.04 — 11.30 0.15 4.98 8.86 4.11 2.04 0.77 98.64  0.440 — — — — — —
mit-2  49.1 3.6 12.5 0.03 21 9.1 0.13 7.2 10.6 3.5 17 0.7 100.0 0.584 1231 7.3 -7.8 0 17.0 0.47 0.18
gl-3 46.97 4.17 13.95 0.03 — 11.26 0.15 5.17 9.99 3.74 1.75 0.64 97.83  0.450 — — — — — —
mit-3  48.7 3.6 12.5 0.03 2.0 9.1 0.13 7.1 11.7 3.2 15 0.6 100.0 0.582 1203 4.3 -8.1 0 15.9 0.42 0.15
cpx 48.94 1.66 3.64 0.73 — 5.76 0.10 15.18 21.68 0.46 ND ND 98.15 0.824- — — — — — —
60 gl 44.87 5.03 13.11 tr. — 12.86 0.24 546  10.88 3.26 1.42 0.71 97.83  0.43%+ — — — — — —
mit 47.5 3.9 10.8 tr. 2.1 9.8 0.18 8.3 13.3 2.5 11 0.5 100.0 0.601 1217 35 -8.0 0 24.8 0.28 0.14
cpx 49.90 1.39 2.75 0.58 e 5.29 0.12 15.77  22.01 0.40 ND ND 98.21  0.842- e e e e — e
157-953C-
82R-1, 94-103
67 gl 47.01 5.23 12.41 0.04 — 9.23 0.17 593 10.37 3.28 1.38 0.73 95.78  0.534 e e e e — e
mit 49.5 4.7 11.6 0.04 1.6 7.7 0.15 7.7 12.0 3.0 1.3 0.7 100.0 0.640 1218 4.5 -8.0 0 13.0 0.26 0.14
cpx 50.74 0.99 2.59 0.91 — 4.79 0.09 16.47 21.31 0.47 ND ND 98.36  0.866- — — — — — —
68 gl 43.61 4.46 12.89 0.03 — 13.95 0.18 539 10.32 3.07 1.41 0.68 96.00 0.408 — — — — — —
mit 48.4 2.8 9.1 0.02 2.0 9.7 0.11 10.2 14.4 1.9 0.9 0.4 100.0 0.653 1266 4.5 -7.5 0 39.8 0.32 0.15
cpx 52.07 0.88 1.67 0.46 — 4.15 0.09 16.96 22.43 0.32 ND ND 99.04  0.879- — — — — — —
69 gl 43.63 5.09 12.20 0.08 — 14.11 0.25 6.09 10.97 3.37 1.26 0.68 97.71  0.435 — — — — — —
mit 46.4 4.1 10.3 0.06 2.4 10.9 0.20 8.6 13.0 2.7 1.0 0.5 100.0 0.585 1246 6.6 -7.6 0 21.6 0.25 0.13
cpx 50.13 1.42 3.17 0.60 — 5.69 0.13 15.77  21.26 0.44 ND ND 98.61 0.832- — — — — — —
157-953C-
83R-7, 0-12
47a gl 49.93 4.30 13.87 0.05 — 12.67 0.18 5.20 8.85 2.96 0.87 0.42 99.31 0422 — — — — — —
mit 50.7 3.3 11.4 0.04 2.1 9.7 0.14 8.3 1.1 2.2 0.7 0.3 100.0 0.603 1217 3.8 -7.7 0 24.6 0.20 0.10
cpx 50.60 1.13 2.45 0.65 — 5.81 0.12 17.39  19.82 0.37 ND ND 98.34  0.842- — — — — — —
47b gl 49.11 4.51 14.57 0.04 — 12.87 0.20 4.67 8.53 3.21 0.98 0.48 99.18 0.392 —_ — — — — —
mit 50.1 3.4 11.9 0.03 2.2 10.0 0.15 8.0 10.9 2.4 0.7 0.4 100.0 0.587 1209 3.9 7.7 0 25.9 0.22 0.11
cpx 49.73 1.37 3.36 0.79 — 6.07 0.17 16.64  19.70 0.39 ND ND 98.23  0.830- — — — — — —
157-953C-
89R-1, 0-13
23a gl 48.24 4.33 13.95 0.05 — 12.12 0.16 5.55 9.55 2.84 1.17 0.49 98.44  0.450 = — — — — —
mit 49.5 3.6 12.3 0.04 2.2 9.6 0.13 7.7 11.2 2.4 1.0 0.4 100.0 0.589 1207 4.3 -7.8 0 17.7 0.27 0.11
cpx 50.60 1.31 2.81 0.66 — 6.19 0.17 16.81  19.87 0.39 ND ND 98.81  0.829- — — — — — —
23b gl-1 47.26 4.67 13.54 0.01 — 12.49 0.18 5.99 9.87 2.77 1.08 0.47 98.33  0.461 — — — — — —
mit-1  49.6 3.2 104 0.01 1.8 9.0 0.12 10.1 12.9 1.9 0.7 0.3 100.0 0.665 1262 5.3 -7.3 0 32.6 0.23 0.10
gl-2 45.74 4.71 13.00 0.07 — 13.70 0.17 6.36 9.80 2.95 1.05 0.41 97.96  0.453 — — — — — —
mit-2  48.8 3.1 9.7 0.05 2.0 9.7 0.11 10.7 12.9 2.0 0.7 0.3 100.0 0.662 1293 7.9 -7.1 0 34.4 0.22 0.09
cpx 51.24 1.04 2.39 0.82 — 4.21 0.12 17.72  20.50 0.33 ND ND 98.36  0.882- — — — — — —
26 gl 48.26 3.76 13.74 0.04 — 11.32 0.16 6.07  10.67 3.10 1.09 0.53 98.74  0.489 — — — — — —
mit 49.3 3.3 125 0.03 2.0 9.1 0.14 7.7 12.0 2.7 1.0 0.5 100.0 0.601 1205 3.6 -7.9 0 13.7 0.29 0.14
cpx 49.84 1.34 3.48 0.94 e 5.55 0.11 16.04 20.89 0.44 ND ND 98.63  0.838- e e e e — e
36 gl-1 46.56 4.11 14.82 0.01 — 12.05 0.20 5.07 9.97 3.12 1.25 0.53 97.68  0.429 = — — — — —
mit-1  48.2 3.6 13.6 0.01 2.3 9.7 0.18 6.8 11.4 2.7 11 0.5 100.0 0.553 1177 3.2 -8.2 0 14.3 0.30 0.13
gl-2 46.75 4.12 14.40 tr. — 11.95 0.17 5.37 10.22 3.10 1.21 0.58 97.87  0.445- — — — — — —
mit-2  48.2 3.7 13.4 tr. 2.3 9.7 0.15 6.7 114 2.8 11 0.5 100.0 0.553 1179 3.4 -8.2 0 11.6 0.29 0.14
gl-3 46.82 435 14.63 0.02 — 12.41 0.17 5.02 9.71 3.23 1.27 0.55 98.16 0.419 — — — — — —
mit-3  48.3 3.7 13.1 0.02 24 9.9 0.15 6.9 11.2 2.8 11 0.5 100.0 0.552 1184 3.7 -8.1 0 15.6 0.29 0.13
cpx 47.33 2.14 5.51 0.69 — 6.49 0.12 1457 20.88 0.49 ND ND 98.23  0.806- —_ —_ —_ — — —
157-953C-
90R-1, 82-101
13 gl-1 48.38 4.34 13.28 0.04 — 11.05 0.16 6.06 10.42 2.74 1.06 0.53 98.05 0.495 — — — — — —
mit-1  49.4 4.1 12.9 0.04 2.1 9.1 0.15 6.9 11.2 2.6 1.0 0.5 100.0 0.574 1183 3.3 -8.1 0 6.6 0.24 0.12
gl-2 49.27 4.21 13.39 0.08 — 10.71 0.15 6.00 10.35 2.88 1.10 0.48 98.62  0.509 — — — — — —
mit-2  50.0 4.0 13.0 0.08 2.0 8.8 0.14 6.7 10.9 2.8 11 0.5 100.0 0.573 1180 3.1 -8.2 0 5.3 0.26 0.11
cpx 49.56 1.56 3.68 0.66 — 6.63 0.17 16.30 19.86 0.42 ND ND 98.85 0.814- — — — — — —
14 gl-1 47.42 4.30 13.99 0.06 — 12.07 0.21 5.79  10.27 2.77 0.92 0.42 98.23 0.46% — — — — — —
mit-1  48.8 3.7 12.7 0.05 2.2 9.7 0.18 7.6 1.7 2.4 0.8 0.4 100.0 0.582 1194 3.4 -8.0 0 14.9 0.21 0.10
gl-2 47.18 4.31 13.70 0.05 — 12.55 0.20 6.09  10.52 2.74 0.90 0.44 98.68  0.464 — — — — — —
mit-2  48.4 3.7 12.4 0.04 2.2 10.0 0.17 7.8 11.8 2.4 0.8 0.4 100.0 0.581 1203 3.9 -7.9 0 14.4 0.21 0.10
cpx 49.64 1.59 3.74 0.76 — 6.05 0.14 15.89 20.45 0.39 ND ND 98.65 0.824- —_ — — — — —
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Appendix Table 3 (continued).

Sample Phase SjO TiO, AlLO; Cr0, FeO, FeO MnO MgO0 CaO N® KO PO, Total Mg# Fo T(°C) P(kbar) Ifp, Olyq CpXgq K,OITO, P,O4TIO,

16 o] 46.90 4.78 14.73 0.07 —_ 13.63 0.21 5.08 8.91 3.01 1.09 0.48 98.89  0.399— —_ —_ — —_ —_ —
mit 48.4 3.7 12.4 0.05 2.4 10.6 0.16 7.9 10.8 2.4 0.9 0.4 100.0 0.569 1214 55 7.7 0 22.3 0.23 0.10
cpx 48.64 1.60 4.15 0.77 — 6.45 0.11 1598 19.93 0.44 ND ND 98.07  0.815- — — — — —_ —

157-953C-

93R-6, 45-55

4 gl 49.44 4.27 13.48 0.06 — 10.99 0.25 6.16  10.12 3.02 1.14 0.55 99.47  0.500 — —_ —_ —_ —_ —
mit 49.8 4.0 13.0 0.06 2.1 9.0 0.24 6.8 10.6 2.9 11 0.5 100.0 0.575 1193 4.5 -7.9 0 5.6 0.27 0.13
cpx 50.39 1.50 3.68 0.81 — 6.49 0.17 16.09 20.41 0.45 ND ND 99.99 815 — — — — — — —

10 al 49.89 5.12 14.73 0.04 — 9.56 0.15 278 1291 2.79 1.15 0.65 99.78  0.342 — — — — — —
mit 48.6 4.5 12.9 0.03 2.4 8.9 0.13 6.9 11.6 24 1.0 0.6 100.0 0.580 1178 3.0 -7.9 1.1 1.4 0.23 0.13
ol 38.59 0.03 0.05 0.04 — 17.64 0.28 42.40 0.30 ND ND ND 99.33 811 — e e — — — —

12 gl 50.98 4.92 14.98 0.06 — 8.78 0.16 235 12,99 2.87 1.09 0.60 99.78  0.323 — —_ —_ — —_ —
mit 49.6 4.4 13.3 0.05 25 8.2 0.14 6.2 11.6 2.6 1.0 0.5 100.0 0.574 1155 3.0 -8.0 10.9 0 0.22 0.12
ol 38.97 0.05 0.05 0.05 — 18.24 0.24 41.93 0.29 ND ND ND 99.82 80.4 - - — — — — —

13 gl 51.22 4.96 15.37 0.03 — 9.18 0.18 235 1174 3.04 1.31 0.63 100.01 0.314 — — — — — — —
mit 49.8 4.2 13.2 0.03 2.4 8.6 0.15 6.7 10.9 2.6 11 0.5 100.0 0.580 1175 3.0 -7.9 10.3 5.2 0.26 0.13
ol 38.84 0.02 0.04 0.05 e 17.82 0.25 42.34 0.27 ND ND ND 99.63 809 — — — — — — —

14 gl 50.31 5.19 14.52 0.04 — 9.48 0.13 279 1279 2.87 1.08 0.58 99.79  0.344 — —_ —_ —_ —_ —
mit 49.0 4.5 12.7 0.03 23 8.9 0.11 7.1 11.5 25 0.9 0.5 100.0 0.585 1182 3.0 -8.0 11.0 25 0.21 0.11
ol 39.04 0.06 0.04 0.04 — 17.32 0.30 42.59 0.28 ND ND ND 99.67 814 — — — — — — —

15 al 50.00 5.16 15.09 0.09 — 9.28 0.16 256 1277 2.75 1.15 0.68 99.70 0.329 — — — — — —
mit 48.7 4.6 13.4 0.08 25 8.7 0.14 6.7 11.3 2.4 1.0 0.6 100.0 0.576 1170 3.0 -7.9 11.6 0 0.22 0.13
ol 38.98 0.03 0.04 0.04 — 18.08 0.26 42.30 0.27 ND ND ND 100.00 80.7 — —_ —_ —_ —_ —_ —

16 gl-1 50.67 4.86 14.38 0.05 — 9.90 0.14 3.15 11.95 2.88 1.22 0.65 99.84 0.362 —_ —_ — —_ —_ —
mit-1  49.6 4.2 12.6 0.04 2.4 8.9 0.12 6.9 11.1 25 11 0.6 100.0 0.581 1180 3.0 -7.9 9.1 3.9 0.25 0.13
gl-2 49.64 4.96 14.72 0.04 — 9.85 0.19 2.84 13.02 2.77 1.12 0.63 99.77  0.340 — — — — — —
mit-2 484 4.3 12.9 0.03 25 9.1 0.17 7.0 11.7 2.4 1.0 0.6 100.0 0.579 1180 3.0 -7.9 11.2 1.9 0.23 0.13
ol 38.85 0.05 0.04 0.04 — 17.69 0.25 42.35 0.29 ND ND ND 99.57 810 — —_ —_ —_ —_ —_ —

19 gl 50.46 5.30 15.02 0.05 — 10.50 0.20 296  10.53 3.00 1.19 0.67 99.89 0.334 — —_ — —_ —_ —
mit 49.8 4.2 12.4 0.04 2.4 9.0 0.16 7.2 11.0 2.4 0.9 0.5 100.0 0.587 1185 3.0 -7.8 6.5 14.8 0.22 0.13
ol 38.16 0.03 0.06 0.03 — 17.50 0.25 42.32 0.30 ND ND ND 98.64 812 — — — — — — —

21 gl 49.69 5.26 13.99 0.09 — 10.04 0.17 294 13.20 2.77 1.14 0.63 99.92 0.343 — — — — — —
mit 48.6 43 11.8 0.07 2.2 9.4 0.14 7.6 12.2 2.3 0.9 0.5 100.0 0.592 1196 3.0 -8.0 10.8 6.5 0.22 0.12
ol 39.14 0.05 0.04 0.02 — 16.92 0.25 43.18 0.31 ND ND ND 99.92 820 — —_ —_ —_ —_ —_ —

22 gl 50.34 5.06 13.96 0.02 — 9.80 0.19 343 1226 2.83 1.13 0.62 99.65 0.384 — —_ — —_ —_ —
mit 49.5 4.4 12.2 0.02 2.1 8.9 0.16 7.3 11.6 2.4 1.0 0.5 100.0 0.593 1189 3.0 -8.0 8.8 5.2 0.22 0.12
ol 39.13 0.03 0.04 0.07 — 16.95 0.23 43.12 0.30 ND ND ND 99.88 819 — — — — — — —

24 al 50.96 5.00 14.23 0.06 — 9.45 0.17 3.18 1242 2.86 1.10 0.56 99.98 0.37%5 — — — — — —
mit 49.7 4.4 12.6 0.05 21 8.7 0.15 7.0 11.3 25 1.0 0.5 100.0 0.589 1183 3.0 -8.0 9.9 2.0 0.22 0.11
ol 39.06 0.03 0.05 0.05 — 17.27 0.25 42.83 0.30 ND ND ND 99.83 81.6 - - —_ —_ —_ —_ —

25 gl 50.17 4.82 15.14 0.04 — 10.39 0.16 257 1174 291 1.14 0.63 99.72  0.306 - - — — —
mit 49.2 3.8 12.4 0.03 25 9.4 0.13 7.4 115 2.3 0.9 0.5 100.0 0.585 1189 3.0 -7.7 9.5 11.7 0.24 0.13
ol 38.78 0.02 0.05 0.05 — 17.65 0.20 42.42 0.30 ND ND ND 99.47 811 — — — — — — —

27 gl 50.09 5.26 14.90 0.03 — 9.71 0.12 259  12.09 2.93 1.28 0.63 99.63 0.322 e e — — — —
mit 48.9 4.6 13.2 0.03 2.7 8.8 0.11 6.5 11.0 2.6 11 0.6 100.0 0.569 1167 3.0 -7.8 10.4 1.8 0.24 0.12
ol 38.57 0.04 0.05 0.04 — 18.36 0.27 41.80 0.29 ND ND ND 99.41 80.2 — —_ —_ —_ —_ —

29 gl 51.00 5.04 14.81 0.05 — 9.30 0.15 245  12.40 2.95 1.27 0.63 100.06 0.319 — — — — —
mit 49.5 4.2 12.6 0.04 2.2 8.9 0.13 7.1 11.3 2.5 11 0.5 100.0 0.587 1184 3.0 -7.9 11.2 5.0 0.25 0.13
ol 38.90 0.05 0.04 0.03 — 17.33 0.25 42.66 0.30 ND ND ND 99.57 814 — — — — — — —

31 gl-1 50.39 4.39 15.21 0.05 - 9.10 0.16 2.69 12.56 2.82 1.14 0.55 99.05 0.345 — — — — — —
mit-1  49.4 3.9 13.4 0.04 2.2 8.7 0.14 6.9 11.4 2.5 1.0 0.5 100.0 0.585 1179 3.0 -7.9 11.1 1.6 0.26 0.12
gl-2 51.77 3.85 14.88 0.07 — 8.57 0.17 292 1247 2.88 1.02 0.60 99.19 0.378 —_ —_ — —_ —_ —
mit-2  50.7 3.5 13.5 0.06 21 8.1 0.15 6.5 11.3 2.6 0.9 0.5 100.0 0.589 1169 3.0 -8.0 9.9 0 0.26 0.15
ol 38.56 0.05 0.06 0.06 — 17.51 0.27 42.60 0.32 ND ND ND 99.44 813 — — — — — — —

32 al 50.08 4.56 14.50 0.08 — 10.13 0.19 3.24 1288 2.70 0.89 0.57 99.84 0.363 — — — — — —
mit 48.9 4.0 12.7 0.07 24 9.3 0.16 7.4 11.7 2.3 0.8 0.5 100.0 0.586 1187 3.0 -7.8 105 2.9 0.19 0.12
ol 39.28 0.04 0.03 0.06 — 17.40 0.23 42.53 0.32 ND ND ND 99.89 813 — —_ —_ —_ —_ —

33 gl-1 49.88 4.87 15.18 0.06 — 9.70 0.19 2.67 12.74 291 1.18 0.58 99.96 0.329 —_ —_ — —_ —_ —
mit-1  48.7 4.1 13.0 0.05 23 9.0 0.16 7.1 11.7 25 1.0 0.5 100.0 0.583 1182 3.0 -7.9 10.6 5.0 0.24 0.12
gl-2 49.84 4.87 15.16 0.05 — 9.03 0.15 249 1354 2.93 1.10 0.60 99.75  0.329 — — — — — —
mit-2 484 4.3 13.3 0.04 2.3 8.8 0.13 6.8 11.9 2.6 1.0 0.5 100.0 0.580 1174 3.0 -8.0 121 0 0.23 0.12
ol 39.07 0.03 0.05 0.04 — 17.43 0.28 42.47 0.30 ND ND ND 99.67 813 — —_ —_ —_ —_ —_ —

35 gl 50.17 5.21 14.22 0.03 — 9.80 0.14 3.92 1143 2.95 1.27 0.64 99.78 0.416 —_ —_ —_ —_ —_ —
mit 49.6 4.6 12.8 0.03 2.1 8.5 0.12 6.8 11.2 2.6 11 0.6 100.0 0.587 1178 3.0 -8.1 5.9 5.3 0.24 0.12
ol 39.11 0.04 0.03 0.06 — 17.14 0.26 42.75 0.27 ND ND ND 99.67 816 — — — — — — —
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Appendix Table 3 (continued).

Sample Phase SO TiO, AlLO; Cr,0; FeO, FeO MnO MgO CaO N#©O KO P,Os Total Mg#, Fo T (°C) P (kbar) Ifp, Olygg CpXygq KOITIO, P,05/TiO,

37 g-1 49.58 4.87 14.23 0.01 —_ 10.31 0.17 342 1227 2.81 1.13 0.61 99.41  0.372— — —_ —_ —_ — —
mit-1  48.9 4.2 12.4 0.01 2.3 9.2 0.15 7.3 11.7 2.4 1.0 0.5 100.0 0.586 1187 3.0 -7.9 8.6 6.0 0.23 0.12
gl-2 49.96 4.86 1451 0.06 — 9.79 0.13 2.82 12,95 2.73 1.05 0.60 99.47  0.339 — — — — — —
mit-2  48.8 4.2 12.7 0.05 25 9.2 0.11 7.1 11.6 2.4 0.9 0.5 100.0 0.581 1182 3.0 -7.8 11.6 15 0.22 0.12
ol 38.55 0.04 0.05 0.06 — 17.27 0.25 42.39 0.30 ND ND ND 98.92 814 — e e — — — —

40 gl-1 50.16 5.10 15.29 0.05 — 9.39 0.15 246  11.80 2.90 1.24 0.60 99.14  0.319 — —_ — —_ — —
mit-1  49.2 4.5 13.6 0.04 2.7 8.5 0.13 6.3 10.7 2.6 11 0.5 100.0 0.569 1163 3.0 =17.7 10.4 15 0.24 0.12
gl-2 50.01 5.16 14.43 0.08 — 10.10 0.14 276  12.16 2.88 1.15 0.59 99.46 0.328 — — — — — —
mit-2  48.9 4.5 12.8 0.07 2.9 9.0 0.12 6.7 11.0 2.5 1.0 0.5 100.0 0.569 1171 30 —7.7 105 1.7 0.22 0.11
ol 38.74 0.04 0.05 0.04 — 18.51 0.25 41.73 0.29 ND ND ND 99.63 80.1 — — — — — — —

43 gl 49.35 5.34 13.83 0.03 e 9.11 0.17 3.24 13.80 2.51 1.10 0.62 99.12 0.388 — — — — — —
mit 48.6 4.6 12.0 0.03 1.7 8.9 0.15 7.8 12.6 2.2 1.0 0.5 100.0 0.611 1200 3.0 -8.3 111 3.6 0.21 0.12
ol 38.60 0.04 0.06 0.03 — 15.58 0.22 43.83 0.33 ND ND ND 98.70 834 — —_ —_ —_ —_ —_ —

44 gl-1 51.07 5.14 14.66 0.03 — 8.86 0.17 2.85 1215 3.04 1.23 0.62 99.82 0.365 — — — — — —
mit-1  49.8 4.6 13.2 0.03 21 8.3 0.15 6.5 10.9 2.7 1.1 0.6 100.0 0.583 1172 3.0 -8.1 10.0 0.2 0.24 0.12
gl-2 49.65 5.17 14.82 0.03 — 9.76 0.17 296  11.97 3.18 1.22 0.61 99.55  0.35% — — — — — —
mit-2  49.0 4.4 12.9 0.03 2.3 8.8 0.14 6.8 11.5 2.7 1.0 0.5 100.0 0581 1179 3.0 -8.0 8.5 6.6 0.24 0.12
ol 38.80 0.05 0.05 0.05 — 17.43 0.25 42.51 0.29 ND ND ND 99.43 813 — —_ —_ —_ —_ —_ —

46 gl 50.48 5.02 13.91 0.04 — 9.79 0.19 353 11.62 2.93 1.21 0.61 99.34  0.39% —_ —_ —_ — —_ —
mit 49.8 4.4 12.5 0.04 2.2 8.7 0.17 6.9 111 2.6 11 0.5 100.0 0.585 1181 3.0 -8.0 7.7 4.1 0.24 0.12
ol 38.58 0.04 0.04 0.04 — 17.41 0.26 42.35 0.28 ND ND ND 99.01 813 — — — — — — —

157-953C-

97R-2, 0-16

64 gl-1 50.23 5.25 14.12 0.03 — 12.50 0.19 4.15 8.39 2.89 1.24 0.66 99.65 0.3722 — — — — — —
mit-1  50.7 3.9 11.4 0.02 2.2 9.7 0.14 7.4 10.9 21 0.9 0.5 100.0 0.577 1181 1.6 -8.1 0 26.3 0.24 0.13
gl-2 50.65 5.49 14.34 0.02 — 12.04 0.19 3.93 8.17 2.90 1.29 0.62 99.63  0.368 —_ —_ —_ —_ —_ —
mit-2  51.0 4.0 11.6 0.01 21 9.5 0.14 7.3 10.8 2.1 1.0 0.5 100.0 0.579 1178 15 -8.1 0 26.7 0.24 0.11
cpx 51.64 1.18 2.24 0.57 — 6.75 0.15 17.56  18.86 0.34 ND ND 99.30 0.823- — — — — — —

66 gl-1 46.56 5.13 13.41 0.05 — 12.67 0.22 5.89 10.54 2.77 1.09 0.52 98.85  0.453 — — — — — —
mit-1  47.7 4.5 12.2 0.04 2.3 10.1 0.19 7.4 11.7 2.4 1.0 0.5 100.0 0.567 1194 3.9 -8.0 0 13.4 0.21 0.10
gl-2 47.92 4.73 13.59 0.04 — 11.86 0.22 5.57 9.96 2.90 1.18 0.55 98.50 0.456 — —_ —_ —_ —_ —
mit-2  49.0 4.2 12.5 0.04 2.2 9.6 0.19 7.1 11.2 2.6 1.0 0.5 100.0 0.569 1187 3.4 -8.1 0 12.7 0.25 0.12
gl-3 47.89 4.69 13.80 0.03 — 11.76 0.12 545 10.20 2.90 1.21 0.56 98.61  0.452 — — — — — —
mit-3  48.9 4.1 12.6 0.03 2.2 9.4 0.11 7.0 11.5 2.6 11 0.5 100.0 0.569 1180 2.7 -8.2 0 13.2 0.26 0.12
cpx 49.74 1.65 3.75 0.66 — 6.39 0.14 1555  20.49 0.42 ND ND 98.78  0.813- e e — — — —

67 gl-1 47.78 4.64 13.46 0.04 — 12.01 0.23 589 10.34 2.68 1.16 0.60 98.82  0.466 e e — — — —
mit-1  48.8 4.1 12.3 0.04 2.2 9.6 0.20 7.4 11.5 24 1.0 0.5 100.0 0.579 1193 3.4 -8.0 0 13.0 0.25 0.13
cpx-1  50.09 1.48 3.48 0.85 — 6.14 0.14 15.77  20.47 0.40 ND ND 98.82 0.821- — — — — — —
gl-2 47.73 4.56 13.04 0.04 — 12.04 0.21 5.89 10.23 2.72 1.19 0.57 98.23  0.466 — — — — — —
mit-2  49.2 3.9 11.6 0.03 2.1 9.6 0.18 7.8 11.8 2.3 1.0 0.5 100.0 0.594 1204 3.4 -7.9 0 16.5 0.26 0.12
cpx-2  50.56 1.28 2.95 0.76 — 5.84 0.11 16.46  20.30 0.40 ND ND 98.66  0.834- e e — — — —
gl-3 47.30 4.59 13.18 tr. — 11.82 0.19 5.80 10.38 2.76 1.15 0.58 97.75  0.46+ e e — — — —
mit-3  48.9 4.0 11.9 tr. 21 9.5 0.16 7.6 11.9 2.4 1.0 0.5 100.0 0.589 1197 3.1 -8.0 0 15.3 0.25 0.13
cpx-3  49.61 1.40 3.28 0.88 — 5.86 0.15 16.06  20.61 0.39 ND ND 98.25  0.830- — — — — — —

68 gl 48.35 4.22 13.68 0.04 — 11.00 0.21 5.79  10.70 2.98 1.25 0.56 98.79  0.484 — — — — — —
mit 49.3 3.8 12.6 0.04 2.0 8.9 0.19 7.2 11.9 2.7 11 0.5 100.0 0.590 1184 2.4 -8.2 0 11.8 0.30 0.13
cpx 49.78 1.64 3.59 0.92 — 5.78 0.12 15.60 20.78 0.39 ND ND 98.59  0.828- — — — — — —

69 gl 51.08 3.82 13.45 0.09 e 10.27 0.16 5.64 9.52 2.97 0.95 0.45 98.40  0.495 — — — — — —
mit 51.9 3.4 12.4 0.08 1.8 8.3 0.14 7.3 10.9 2.6 0.8 0.4 100.0 0.609 1194 2.7 -8.0 0 13.3 0.25 0.12
cpx 51.99 0.92 1.94 0.79 — 5.93 0.17 17.75 19.16 0.37 ND ND 99.03  0.842- — — — — — —

78 al 48.99 4.53 13.47 0.01 — 12.46 0.21 5.23 8.89 2.66 1.40 0.62 98.46  0.428 — — — — — —
mit 50.2 3.7 11.6 0.01 2.2 9.8 0.17 7.8 10.8 21 11 0.5 100.0 0.586 1209 41 —7.8 0 20.4 0.31 0.14
cpx 50.43 1.26 2.82 0.57 — 6.18 0.13 16.86  20.09 0.41 ND ND 98.75  0.829- —_ —_ —_ —_ —_ —

157-953C-

98R-1, 0-12

40 al 49.27 4.25 13.07 0.06 — 11.74 0.18 5.79 9.67 2.76 111 0.49 98.39  0.468 — — — — — —
mit 50.3 3.8 12.1 0.05 2.2 9.5 0.16 7.2 10.8 25 1.0 0.4 100.0 0.576 1194 3.4 -8.0 0 11.9 0.26 0.12
cpx 50.84 1.31 2.90 0.66 — 6.37 0.16 16.27  19.74 0.38 ND ND 98.63  0.820- —_ —_ —_ —_ —_ —

42 gl 48.44 4.08 13.44 0.05 — 11.36 0.18 6.21  10.70 2.66 0.92 0.45 98.49 0.494 — — —_ —_ —_ —
mit 49.5 3.7 12.5 0.04 2.0 9.2 0.16 7.6 11.8 2.4 0.8 0.4 100.0 0.595 1193 2.7 -8.0 0 11.6 0.22 0.11
cpx 50.20 1.26 3.34 0.88 — 5.83 0.15 16.31  20.30 0.41 ND ND 98.69  0.833- — — — — — —

43 al 47.95 4.64 13.47 0.04 — 12.04 0.17 5.74 9.85 291 1.35 0.62 98.79  0.459 — — — — — —
mit 48.9 4.1 12.4 0.04 2.2 9.7 0.15 7.2 11.0 2.6 12 0.6 100.0 0.569 1199 4.6 -8.0 0 12.0 0.29 0.13
cpx 50.39 157 3.28 0.48 — 6.60 0.15 16.09  19.94 0.42 ND ND 98.92 0.813- —_ —_ —_ —_ —_ —
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Appendix Table 3 (continued).

Sample Phase SiO TiO, AlLO, Cr0, FeO, FeO MnO MgO CaO0 N©® KO PO, Total Mg# Fo T(°C) P(kbar) I, Olyg K,0ITiO, P,04/TiO,

44 gl 4672 534 1398 002 — 1231 016 569 1039 272 119 057 99.09  0.452— — — — — —
mt 477 47 127 002 23 98 014 72 116 24 1.0 05 1000 0567 1189 39 -8.1 134 022 0.11
cpx 4885 1.89 452 078  — 629 013 1513 2072 043 ND ND 9873 0.81- — — — — —

47 g-1  47.69 496 1270 010 — 1176 024 629 1046 257 121 061 9856 0.488 — — — — —
mit-1 486 46 121 009 22 96 022 72 112 24 11 06 1000 0572 1193 40 -81 77 024 0.12
g-2 4805 475 1271 002 — 1237 013 634 993 258 106 058 9853 0477 — — — — —
mit2 490 44 120 002 23 101 012 74 108 24 10 05 1000 0569 1207 52 7.8 90 022 0.12
cpx 5045 152  3.03 055 @ — 665 016 1637 1974 041 ND ND 9888 0815 — — — — —

48 gl 47.62 448 1384 . — 1163 015 584 1060 2.93 127 057 9892 0472 — — — — —
mit 484 41 130 tr. 22 94 014 69 115 27 12 05 1000 0568 1186 3.6 8.1 95 028 0.13
cpx 4910 178 446 083 633 012 1521 20.66 043 ND  ND 9893 0.81i — — — — —

51 g-1 4867 443 1418 001 — 1116 021 538 979 299 133 062 9878 0.462 — — — — —
mit1 496 38 128 001 20 90 018 71 112 26 1.2 05 1000 058 1189 3.4  -8.1 144 030 0.14
cpx-1 5012 147 333 084  — 615 015 1617 20.33 040 ND ND 9898 0.824 — — — — —
g-2 4877 448 1408 007 — 1114 016 550 9.86 297 127 058 9887 0.468 — — — — —
mit2 496 40 130 006 21 90 014 69 110 26 1.1 05 1000 0578 1187 36  -8.1 1.9 028 0.13
cpx-2 49.84 159 364 073  — 633 013 1600 2026 039 ND ND 9892 0.818 — — — — —

52 gl 4872 449 1421 007 — 1109 016 541 969 303 127 061 9873 0.465 — — — — —
mt 497 39 128 006 20 89 014 72 111 26 11 05 1000 0591 1195 38 -8.0 150 028 0.14
cpx 5015 141 329 072 @ — 591 013 1596 2040 041 ND  ND 9838 0.828 — — — — —

55 gl 4733 523 1285 0.7 1183 022 601 1051 266 136 059 9866 0.475 — — — — —
mt 482 49 122 007 22 96 020 69 113 25 13 06 1000 0562 1185 37  -8.2 79 026 0.11
cpx 4912 190 393 058  — 669 017 1570 1981 044 ND  ND 9833 0.807 — — — — —

57 gkl 4920 463 1418 . — 1123 018 481 923 258 208 063 9875 0433 — — — — —
mit1 502 38 123 tr, 20 89 015 72 112 21 17 05 1000 0590 1188 2.6  -8.1 196 045 0.14
cpx-1 5013 151 334 073  — 587 016 1594 2075 041 ND ND 9885 0.829- — — — — —
g-2 4793 502 1395 001 — 1249 018 512 972 287 107 056 9891 0.422 — — — — —
mit2 490 42 122 001 23 99 015 72 114 24 09 05 1000 0566 1181 26  -8.1 178 021 0.11
cpx-2 49.03 166 407 075  — 634 012 1540 20.83 043 ND ND 9864 0.812- — — — — —

157-953C-

102R-1, 8-28

1 gl 4628 532 1342 004 — 1237 018 530 9.80 28 146 076 97.78 0.433 — — — — —
mit 478 48 124 004 24 100 016 68 110 26 13 07 1000 0547 1182 3.9  -8.2 123 028 0.14
cpx 4902 196 397 032  — 693 013 1512 2014 045 ND  ND 9802 0.795- — — — — —

3 gl 4804 469 1311 005 — 1225 017 58 944 295 125 069 9848 0.459 — — — — —
mt 493 40 118 004 22 98 015 77 108 25 11 06 100.0 0583 1217 55 7.8 149 027 0.15
cpx 5089 1.34 257 057  — 613 014 1623 1990 040 ND ND 9815 0.825- — — — — —

6 gl 4600 499 1422 003 — 1195 018 517 1024 293 142 079 97.90 0.435 — — — — —
mt 472 47 137 003 24 98 017 61 111 28 13 07 1000 0527 1156 30 -85 76 029 0.16
cpx 4736 254 563 086 @ — 741 013 1423 2012 045 ND  ND 9871 0.774 — — — — —

16 g-1 4663 475 1354 005 — 1192 017 590 1094 275 126 066 9859  0.469 — — — — —
mit-1 476 44 129 005 23 97 016 69 118 26 1.2 0.6 1000 0558 1177 30 -83 84 027 0.14
cpx-1 4872 202 447 078  — 641 013 1477 2081 045 ND ND 9855  0.804 — — — — —
g2 4714 477 1362 006 — 1153 018 562 1065 296 144 070 98.66 0.465 — — — — —
mit2 481 44 128 005 22 93 016 68 116 2.7 13 06 1000 0563 1176 29 -83 99 030 0.15
cpx-2 49.49 175 368 071  — 644 012 1514 2063 043 ND ND  98.39 0.807% — — — — —

22 gl 4780 514 1333 005 —  11.66 023 602 10.36 2,55 119 073 99.06 0.479 — — — — —
mt 485 47 125 005 22 94 021 71 112 23 1.1 07 1000 0574 1186 3.6 8.1 95 023 0.14
cpx 4948 1.80  3.82 082  — 640 014 1580 19.79 041 ND ND 9846 0.815— — — — — —

29 gl 4495 549 1375 003 — 1436 023 500 999 317 135 068 99.00 0.383 — — — — —
mt 463 47 122 003 28 113 020 68 113 2.7 1.2 06 1000 0517 1179 3.9  -8.2 157 025 0.12
cpx 4747 239 547 042 @ — 721 013 1380 2112 048 ND  ND 9848 0.773- — — — — —

30 gl 4736 435 1309 004 — 1175 019 629 11.05 2.64 116 057 9850 0.488 — — — — —
mt 484 40 123 004 21 95 017 75 121 24 1.1 05 1000 0583 1193 31  -8.1 102 027 0.13
cpx 4969 155 361 091  — 585 013 1546 20.60 039 ND  ND 9819 0.825- — — — — —

32 gl 4871 489 1366 003 — 1174 017 528 927 287 149 069 9880 0.445 — — — — —
mit 496 43 124 003 22 95 015 7.0 106 25 13 06 1000 0568 1193 42 -8.0 139 030 0.14
cpx 5103 148 256 045 = — 672 014 1634 1960 038 ND  ND 9870 0812 — — — — —

33 gl 46550 446 1264 005 — 1263 022 623 1144 254 115 055 9842 0.468 — — — — —
mt 476 41 119 005 24 102 020 73 124 23 1.1 05 1000 0559 1181 22  -82 92 026 0.12
cpx 4917 200 437 071 @ — 623 013 1478 2099 044 ND ND  98.81  0.809- — — — — —

34 gl 4870 493 1337 002 — 1090 015 602 10.32 254 120 066 9881 0496 — — — — —
mit 494 46 128 002 20 89 014 69 110 24 11 06 1000 0579 1182 3.4  -8.2 71 024 0.13
cpx 4988 169 350 082  — 635 014 1585 20.05 039 ND ND 9869 0817 — — — — —
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Appendix Table 3 (continued).

Sample Phase SiO TiO, A0, Cr0; FeO, FeO MnO MgO CaO0 NO® KO PO, Total Mg# Fo T(°C) P(kbar) Iy Olygg Cpxgq KpOITIO, P,0TiO,

157-956B-
44R-3, 57-71
6 o] 47.45 5.23 13.04 0.03 — 12.16 0.17 4.93 9.41 2.02 1.62 0.64 96.71  0.420— — — — — — —
mit 49.4 4.6 12.0 0.03 3.3 9.0 0.15 6.9 111 18 14 0.6 100.0 0.577 1159 1.2 -7.5 0 15.2 0.31 0.12
cpx 49.81 1.50 2.99 0.41 e 6.21 0.10 1546 21.12 0.46 ND ND 98.05 0.816- e e e — — —
7 gl 48.10 4.30 14.57 0.03 — 11.17 0.14 4.70 9.36 2.94 1.34 0.71 97.37  0.429 — — — — — —
mit 49.4 4.1 14.1 0.03 3.2 8.3 0.13 5.7 10.2 2.8 13 0.7 100.0 0.547 1141 2.2 7.7 0 7.3 0.31 0.16
cpx 49.03 1.87 4.30 0.11 — 7.20 0.18 14.77  21.29 0.38 ND ND 99.12  0.785- — — — — — —
10b gl 48.41 3.76 14.83 0.04 — 11.08 0.15 4.66 9.41 2.99 0.98 0.58 96.89  0.429 — — — — — —
mit 50.3 3.0 12.9 0.03 2.8 8.0 0.12 7.4 11.8 2.4 0.8 0. 100.0 0.621 1176 13 —7.2 0 21.5 0.26 0.15
cpx 51.31 1.02 2.70 0.66 — 5.26 0.11 16.33  21.83 0.29 ND ND 99.50 0.84+ — — — — e —
12 gl 52.01 3.78 12.78 0.02 — 11.53 0.35 3.93 8.34 1.59 1.61 0.71 96.65 0.378 — — — — — —
mit 53.4 3.6 12.4 0.02 2.6 9.5 0.33 5.1 9.5 15 15 0.7 100.0 0.488 1123 <05 -85 0 8.9 0.43 0.19
cpx 49.75 1.43 2.76 0.03 — 9.04 0.37 14.75  19.60 0.44 ND ND 98.16  0.744- — — — — — —
13 al 47.29 3.96 13.58 0.04 — 10.89 0.19 5.85 10.68 2.29 1.20 0.44 96.41  0.489 — — — — — —
mit 49.2 3.8 13.2 0.04 3.0 8.2 0.18 7.0 11.8 2.2 11 0.4 100.0 0.602 1164 14 —7.4 0 8.5 0.30 0.11
cpx 50.24 1.04 2.93 0.68 — 571 0.11 15.87  21.49 0.37 ND ND 98.43  0.832- — — — — e —
15 gl 52.88 3.34 14.96 0.03 —_ 8.54 0.12 3.96 7.58 1.57 2.14 0.74 95.87  0.453 — — — — — —
mit 54.4 2.8 13.7 0.03 2.3 6.6 0.10 6.6 9.8 13 1.8 0.6 100.0 0.641 1170 2.0 -7.0 0 18.3 0.64 0.22
cpx 51.03 0.99 2.21 0.65 — 4.99 0.11 16.38  21.56 0.37 ND ND 98.30  0.854- — — — — — —
16 gl-1 50.58 3.13 14.73 0.04 — 8.86 0.12 4.85 8.81 1.95 1.72 0.73 95.52  0.494 — — — — — —
mit-1  52.8 3.2 15.1 0.04 2.6 6.9 0.12 5.5 9.5 2.0 17 0.7 100.0 0.585 1138 1.9 -7.5 0 3.2 0.55 0.23
gl-2 48.39 4.30 14.12 0.03 — 10.30 0.15 5.07 9.21 2.01 1.37 0.52 95.46  0.46+ — — — — — —
mit-2  50.6 4.2 14.1 0.03 2.9 7.9 0.15 6.1 10.2 2.0 1.3 0.5 100.0 0.579 1148 2.0 -7.5 0 6.9 0.32 0.12
cpx 48.93 1.76 3.83 0.37 — 6.36 0.12 15.20  20.95 0.45 ND ND 97.97  0.816- — — — — — —
17 gl 47.77 4.24 14.18 tr. — 11.50 0.17 4.95 9.56 3.17 1.29 0.64 97.46  0.434- — — — — — —
mit 49.1 4.0 13.6 tr. 3.3 8.6 0.16 6.0 10.5 3.0 12 0.6 100.0 0.557 1158 2.9 -7.5 0 8.5 0.30 0.15
cpx 50.05 1.64 3.84 0.15 — 7.00 0.14 1536 21.21 0.40 ND ND 99.79  0.796- — — — — — —
157-956B-
45R-3, 120-132
19 gl 47.56 3.74 14.18 0.04 — 10.59 0.18 5.07 9.87 2.04 1.21 0.50 94.98  0.46% — — — — — —
mit 50.3 3.2 12.9 0.03 2.7 7.8 0.15 7.6 12.2 17 1.0 0.4 100.0 0.632 1167 <0.5 -7.3 0 19.2 0.32 0.13
cpx 50.92 1.01 2.65 0.68 — 4.97 0.09 16.35 21.62 0.35 ND ND 98.64  0.854- — — — — — —
22 al 49.78 3.92 15.12 0.04 — 9.96 0.16 5.15 9.14 3.40 141 0.76 98.85  0.480 — — — — — —
mlt 50.9 2.8 12.0 0.03 2.2 6.8 0.11 9.0 12.1 2.4 1.0 0.6 100.0 0.701 1247 5.3 —6.5 0 28.8 0.36 0.20
cpx 52.90 0.65 1.55 0.92 — 3.68 0.08 17.52  21.99 0.29 ND ND 99.59  0.895- — — — — — —
23 gl 48.65 3.69 14.63 0.03 10.16 0.20 518 10.54 2.06 1.07 0.42 96.64 0.476 — — — — — —
mit 50.4 3.3 13.8 0.03 1.8 8.4 0.18 6.7 12.1 1.9 1.0 0.4 100.0 0.588 1153 <0.5 -8.4 0 12.9 0.29 0.11
cpx 49.36 1.33 3.80 0.57 — 5.81 0.12 1533 2153 0.39 ND ND 98.24  0.825- — — — — — —
26 al 45.48 3.87 12.45 0.03 11.58 0.20 6.37 1144 2.52 1.14 0.44 95.52  0.495 — — — — — —
mlt 48.2 35 11.6 0.03 3.0 8.6 0.18 8.1 13.2 2.3 1.0 0.4 100.0 0.628 1201 2.4 -7.1 0 14.1 0.29 0.11
cpx 50.69 1.07 2,51 0.60 4.90 0.10 16.19  22.02 0.35 ND ND 98.44  0.855- — — — — — —
37 gl 51.30 3.97 15.01 tr. — 8.07 0.19 4.40 9.64 1.75 1.30 0.53 96.16  0.493- — — — — — —
mit 53.0 3.5 14.1 tr. 1.4 6.9 0.17 6.3 11.5 1.6 1.2 0.5 100.0 0.618 1150 <0.5 -8.5 0 14.7 0.33 0.13
cpx 50.95 0.96 2.48 0.44 — 5.49 0.13 16.29  21.37 0.34 ND ND 98.45  0.841- — — — — — —
38a gl-1 46.54 4.21 13.66 0.01 — 12.08 0.17 5.30 9.57 2.75 112 0.57 95.98 0.439 — — — — — —
mit-1  49.2 3.4 11.9 0.01 3.0 8.7 0.14 8.2 11.9 2.2 0.9 0.5 100.0 0.627 1207 3.4 -6.9 0 22.2 0.26 0.14
gl-2 45.88 3.98 13.04 0.02 — 12.71 0.17 6.22 9.15 2.67 1.07 0.56 95.47  0.466 — — — — — —
mit-2  48.8 3.4 11.8 0.02 3.2 9.3 0.14 8.7 11.0 2.3 0.9 0.5 100.0 0.626 1247 7.4 -6.4 0 18.3 0.27 0.14
gl-3 45.19 3.88 13.03 0.03 — 12.58 0.23 5.94 9.41 2.73 1.12 0.59 94,73  0.45% — — — — — —
mit-3  48.6 3.3 11.7 0.03 3.2 9.2 0.19 8.6 115 2.3 1.0 0.5 100.0 0.626 1236 6.2 —6.6 0 19.7 0.29 0.15
cpx 52.19 0.93 1.91 0.30 — 5.27 0.15 17.18  21.15 0.27 ND ND 99.37  0.853- — — — — — —
38b gl 45.22 4.07 13.34 0.03 — 12.62 0.21 6.03  10.42 2.74 1.04 0.60 96.32  0.460 — — — — — —
mit 48.1 3.3 11.6 0.02 3.1 8.9 0.17 8.7 12.6 2.2 0.8 0.5 100.0 0.636 1226 4.6 -6.8 0 21.8 0.26 0.15
cpx 51.87 0.90 2.14 0.50 — 4.88 0.09 16.79  21.96 0.30 ND ND 99.43  0.866- — — — — — —
52 gl 47.24 3.80 14.49 0.03 — 11.13 0.16 5.32 9.63 2.15 1.56 0.66 96.17  0.466 — — — — — —
mit 49.3 35 13.8 0.03 3.0 8.4 0.15 6.9 11.0 2.0 14 0.6 100.0 0.594 1169 2.7 —7.2 0 115 0.41 0.17
cpx 49.45 1.39 3.47 0.49 — 5.82 0.13 15.28 21.35 0.44 ND ND 97.82  0.824- — — — — — —
53 gl 45.92 3.94 13.61 0.05 —_ 12.59 0.25 5.60 10.93 2.61 1.01 0.54 97.05 0.442 — — — — —_ —
mit 48.1 3.3 12.1 0.04 3.2 9.0 0.21 7.7 12.8 2.2 0.9 0.5 100.0 0.604 1179 1.2 -7.3 0 18.2 0.26 0.14
cpx 51.61 0.98 2.50 0.46 — 5.56 0.12 16.25 22.01 0.30 ND ND 99.79  0.839- — — — — — —
157-956B-
45R-CC, 7-17
57 gl 45.20 4.95 13.49 0.01 12.96 0.21 551 10.90 2.15 1.10 0.46 96.95 0.43% — — — — — —
mit 46.8 4.8 13.3 0.01 3.8 9.7 0.20 6.3 11.7 2.1 11 0.4 100.0 0.538 1136 0.8 -7.8 0 6.2 0.22 0.09
cpx 48.50 1.96 4.44 0.14 — 7.22 0.09 1460 21.04 0.46 ND ND 98.44  0.783- — — — — — —
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Appendix Table 3 (continued).

Sample Phase SjO TiO, AlLO; Cr,0; FeO, FeO MnO MgO CaO NgD K,O P,Os Total Mg#, Fo T (°C) P (kbar) Ifp, Olyg CpXya KOITIO, P,0Og/TiO,

58 gl 46.59 5.21 14.21 0.03 — 13.39 0.14 4.76 9.40 2.80 1.44 0.69 98.66  0.388 — — — — — —
mit 47.7 4.5 12.9 0.03 3.7 9.7 0.12 6.4 10.6 2.4 13 0.6 100.0 0.541 1160 3.1 -7.5 0 13.7 0.28 0.13
cpx 48.34 2.22 5.28 0.42 — 7.03 0.12 14.44  21.38 0.43 ND ND 99.66  0.786- — — — — — —

65 al 49.71 3.21 13.43 0.03 . 9.99 0.20 5.49 9.11 2.92 1.62 0.82 96.52  0.495 — e - e — —
mlt 51.4 3.1 13.2 0.03 2.7 7.6 0.19 6.5 10.1 2.8 1.6 0.8 100.0 0.604 1188 4.1 -7.2 0 7.1 0.50 0.26
cpx 51.12 1.26 2.92 0.27 — 5.94 0.13 16.52  21.27 0.36 ND ND 99.79  0.832- — — — — — —

67 gl 51.62 4.65 14.58 0.03 — 7.75 0.22 4.48  10.03 3.26 1.08 0.66 98.36  0.508 — — — — — —
mit 52.3 4.2 13.7 0.03 1.6 6.3 0.20 5.8 11.4 3.0 1.0 0.6 100.0 0.622 1143 <05 -85 0 10.9 0.23 0.14
cpx 51.30 111 2.76 0.59 — 5.03 0.08 1596  22.45 0.28 ND ND 99.56  0.850- — — — — — —

73 gl 46.00 5.35 14.05 0.04 e 13.45 0.24 4.53 9.52 3.16 1.52 0.81 98.66 0.375 - - - e — —
mit 46.9 4.9 13.3 0.04 4.0 9.7 0.22 5.5 10.3 2.9 14 0.8 100.0 0.504 1137 2.7 -7.9 0 8.6 0.28 0.15
cpx 47.90 2.58 4.88 0.09 — 8.21 0.18 13.79  20.99 0.43 ND ND 99.04 0.750- — — — — — —

ToV

Notes: Sample = sample studied (core, grain, interval [cm], analyzed grain). FeO,, = measured with electron microprobe. Fe,O;, FeO are calculated on the basis of Fe?*/Fe’* ratios of the coexisted spinel inclusions using the experimental
data on spinel (silicate melt equilibrium after Maurel and Maurel, 1982). Mg# = atomic ratio Mg/(Mg*Fe,,) in glassinclusions and host clinopyroxenes, Mg/(Mg*Fe?*) in calculated trapped melts, and mol% Fo in host olivine. T (°C) =
calculated temperature, for glass inclusions represent temperature of melt inclusion quenching and for calculated meefisesathee of melt entrapment.@land Cpxyy = amounts of olivine and clinopyroxene (wt%) recrystal-
lized on the inclusions walls and as daughter crystals inside the inclusion volume, which should be added by mass bdtions taltie glass inclusion in order to obtain the composition of trapped melt (see text). gl = glass (i.e.,
glass inclusions), mit = melt (calculated composition of trapped melt), cpx = host clinopyroxene, and ol = host olivinecatcalatetd, ND = not determined, and tr. = traces.
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