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ABSTRACT

I conducted melting experiments with a basanite, two 
hawaiites (DVDP2 and 83415), and a phonolite from Mt.
Erebus, Antarctic. All experiments were carried out a 1 
atmosphere from 1224° to 1049 °C at oxygen fugacity near QFM 

buffer. I have tested two hypothesis: (1) can a basanite 
parent magma differentiate at low pressures to produce 
hawaiite and phonolite magmas, and (2) do the Mt. Erebus 
rocks represent low pressure differentiation of a parental 
basanitic magma. Microprobe analyses of glasses and 
coexisting crystals were used to test these hypotheses.

Crystal-melt equilibria in basanite experiments are 
represented by olivine+melt (1224 °C), olivine+ 
clinopyroxene+melt (1138 °C), and olivine+clinopyroxene+ 
plagioclase+melt (1104 °C). In experiments with DVDP2 
hawaiite from 1104° to 1049 °C, olivine+clinopyroxene+ 
plagioclase+melt coexists. Data from 83415 hawaiite 
experiments show that at 1160 °C melt coexists with 

plagioclase; below 1104 °C with olivine+plagioclase.

Liquid lines of descent established using the 
compositions of melts on a T-Mg# plot show that basanite 
melt merges into hawaiite composition at about 1104 °C and 
melt of hawaiite composition merges into phonolite 

composition at 1049 °C. These data confirm the hypothesis

i
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that low pressure differentiation of a basanitic melt can 
produce melts of hawaiite and phonolite composition.

Mt. Erebus rock compositions produce a continuous data 

array on K20-SiC>2, Ti02-SiC>2, MgO-SiC>2 , Al203-Si02, Na20- 
SiC>2 , and P2 0 5 -SiC>2 plots. Liquid lines of descent 
established from the experiments define a vector. I 
interpret the coincidence of this vector with the Mt. Erebus 
rock data array as the results of low-pressure fractionation 
of the basanitic parental magma.
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INTRODUCTION

Alkaline rocks are volumetrically insignificant 
compared to tholeiitic rocks, however they represent the 
greater diversity in chemical composition. This diversity 
stems, in part, from the different environments in which 
alkaline rocks form, including 1) subduction zones, 2) 
continental and oceanic intraplate anorogenic zones with 
minimal to no tectonic activity, and 3) continental rift 
zones. Another factor in the chemical diversity of alkaline 
rocks' is the depth of magma generation. (Fitton and Upton, 
1987) Alkaline magmas are believed to originate at depths 
of 50 to 90 Km below the surface of the earth, where 

pressure is of the order of 1.5-2.5 GPa; by contrast, 
tholeiitic magmas are believed to originate at a depth of 30 
Km (1.0 GPa); Ghiorso and Carmichael, 1980. Because 

alkaline magmas are generated at great depths in the mantle, 
their compositions are likely to be modified by magma 
mixing, assimilation of country rock, and by both high- and 
low-pressure crystal fractionation.

The study of alkaline rocks can provide insights into 
deep mantle composition and the role of magma mixing and/or 
assimilation in modifying primary magma composition. One 
way of evaluating how these processes affect differentiation 
of an alkaline magma is to conduct experiments using samples 
from an alkaline volcano. Experimental studies can define

1
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mineral and melt stability fields as a function of bulk 
composition and can help assess the contributions of 
intensive thermodynamic variables such as pressure (P), 

temperature (T) , and oxygen fugacity (fo2) i-n the 
differentiation of alkaline magmas. Experiments on alkaline 
rocks also reveal the sequence and composition of mineral 
phases crystallizing from alkaline melts at various 
temperatures and pressures. The data generated from 
experiments can be used in a number of other ways as well. 
For example, 1) Comparison of the sequence of mineral 
crystallization and compositions, as obtained from 
experiments, with those of natural rocks can constrain 
petrological and geochemical models used in the 
interpretation of rocks; and 2) Experimental data can be 
used to construct empirical (Grove et al., 1992) or 
thermodynamic models (Ghiorso and Sack, 1995) to predict the 
behavior of magmas.

This dissertation is an experimental study of alkaline 
volcanic rocks from Mt. Erebus, Antarctica. A basanite, two 
hawaiites, and a phonolite from Mt. Erebus were used in the 
experiments for two reasons. First, previous 

interpretations of field and analytical data have produced 
only loosely constrained petrologic models for the rock 
series of Mt. Erebus. Confirmation of these interpretations 
requires experimental data. Second, there has been no 
systematic low-pressure experimental study of a series of

2
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alkaline rocks from a well studied volcano. This is the 
first such study. The effects of high pressure 

fractionation, magma mixing, and/or assimilation, on 
alkaline magmas can be better evaluated after the low- 
pressure crystal fractionation processes for a basanite- 
hawaiite-phonolite series are understood. With these 
objectives in mind, experiments with Mt. Erebus rocks were 
conducted at one atmosphere in the temperature range 1224° 
to 1049 °C at f0 2 near QFM conditions.

PREVIOUS WORK

Mt. Erebus, an active alkaline volcano discovered in 
1841, is located on the southern extension of the Terror 

Rift (Kyle, 1990) on Ross Island, Antarctica (Figures 1 and 

2). Earlier studies of this volcano focused on the field 
geology,' petrology, mineralogy, and geochemistry of the 
lavas (Smith, 1954; Kyle and Moore 1990). More recent 
studies concentrated on volcanic activity, seismicity, 
gravity, deformation of the summit, and magmatic gases (Kyle 
and Moore, 1990).

Mt. Erebus is the most active volcano in Antarctica 
and the southernmost volcano in the world. Presently there 
is an active lava lake located in its crater whose

3
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Figure 1: Modified map of Ross Island from Moore 1986. Iset 
from Volcanoes of the Antarctica Plate and Southern Oceans. 
LeMasuier, W.E., and Thompson, J.W. (eds) 1990.

4
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Figure 2: Generalized tectonic map of Ross Island, 
Antarctica, from Volcanoes of the Antarctica Plate and 
Southern Oceans. LeMasuier, W.E., and Thompson, J.W. (eds) 
1990.
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composition is anorthoclase phonolite. The anorthoclase 
crystals have been reported to grow to a length of 8 to 
approximately 20 cm. Because of their large size, these 
crystals have attracted the interest of researchers since 
the early 1960s for example, Carmichael, 1962, 1963, 1964, 
1967; Carmichael and Mackenzie, 1964; Boudette and Ford, 
1966; Berlin and Henderson, 1969; Mason et al., 1982; Jones 
et al., 1983; Irving and Frey, 1984.

Least-square mass balance calculations for major 
elements (Bryan et al., 1969) have been used by numerous 
researchers (Goldich et al., 1975; Moore, 1986; Kyle, 1990; 
Kyle and Moore, 1990; Kyle et al., 1992) to determine if the 
basanite can be parental to the hawaiite and phonolite at 
Mt. Erebus. Goldich et al., (1975) determined using major, 
minor, and trace elements that differentiation of the Mt. 
Erebus magma was controlled by fractional crystallization. 
They concluded that the early stages of magma 
differentiation were controlled by olivine, clinopyroxene, 

apatite, and opaque mineral crystallization followed by 
plagioclase and anorthoclase crystallization.

Moore (1986) evaluated both open and closed system 
processes to determine if the basanite magma could be 
parental to both the hawaiite and phonolite. He 
investigated the effects of assimilation and magma mixing 
for open systems and liquid immiscibility, volatile
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transfer, Soret diffusion, boundary layer fractionation and 
crystal fractionation processes for closed systems. Moore 
concluded on the basis of field relations and geochemical 
trends (see Appendix A) the only model that fit both the 
field relations and geochemical trends was fractional 
crystallization. Moore, also used microprobe analysis of 
minerals and mass balance calculations to test the 
conditions under which basanite could differentiate to Ne- 
hawaiite. He then evaluated the conditions to generate Ne- 
benmoreite from Ne-hawaiite, and finally phonolite from Ne- 
benmoreite. Three different variations, based on major 
element chemistry, were tested for each step. Finally, 
trace element modeling was used to determine which of the 
tested models best fit the geochemical trends exhibited by 

these rocks. Moore (1986) concluded that it is possible for 
the basanite to be parental to the Ne-hawaiite, Ne- 
benmoreite, and phonolite.

According to Moore's (1986) model, the sequence of 
crystallization in the generation of Ne-hawaiite from 
basanite, was olivine, clinopyroxene, spinel and ilmenite, 

followed by apatite. Moore (1986) also estimated that the 
Ne-hawaiite represents 45% residual liquid of basanite. In 
order to form Ne-benmoreite from Ne-hawaiite the sequence of 
crystallization was olivine, clinopyroxene, magnetite, 
plagioclase (An64 ) , and apatite. The Ne-benmoreite 

represents 78% the residual liquid of the Ne-hawaiite.
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Finally, for the anorthoclase phonolite to form from the Ne- 
benmoreite sequence of crystallization was olivine, 
clinopyroxene, magnetite, plagioclase (An4 4 ) , nepheline, and 

apatite. The anorthoclase phonolite represents 66% residual 
liquid of the Ne-benmoreite. Moore (1986) was able to 
calculate that the anorthoclase phonolite represents 23.5% 
residual liquid of the basanite.

Kyle (1990) concluded, on the basis of Moore's study, 
that phonolite may be derived from basanite by fractional 

crystallization. The mineral phases involved are olivine, 
clinopyroxene, feldspar, nepheline, apatite, and spinel.

In 1992 Kyle et al., (1992) restated Moore's (1986) 
findings, and provided a more detailed evaluation of the 
importance of feldspar during fractional crystallization. 
They determined that feldspar fractionation plays an 
increasingly important role as the magmas differentiate. 

Although all of the above models are only slightly different 
in their predictions, none of them can be confirmed without 
experimental work.

Phase diagrams have traditionally been used by 
petrologists to gain insights into equilibrium petrologic 
processes. In recent years, petrologists have developed 

algorithms to reduce multi-component magma systems to three 
or four components and have presented melt and mineral 
compositions using pseudo-ternary or pseudo-liquidus ternary
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diagrams (Walker, 1979; Gerke and Kilinc, 1993; Sack et al., 
1987; Figure 3). Pseudo-invariant points and cotectics on 
these diagrams are really regions in multi-component space 

(Langmuir et al., 1992). These diagrams attempt to 
represent invariant mantle melting with a large number of 
components and a limited number of mineral phases, which is 
not possible. Also, most pseudo-liquidus diagrams are 
developed at fixed pressures but mantle melting is a 
polybaric process. Although there are limitations to 
pseudo-liquidus diagrams, as long as these limitations are 

kept in mind these types of diagrams can still be useful.

Sack et al. (1987) established the first 
experimentally determined pseudo-liquidus diagram for 
alkaline rocks (Figure 3). To constrain the position of the 
ol+cpx+plag+sp cotectic in their diagrams, these authors 
used a wide range of natural starting materials from various 

alkaline volcanos throughout the world. This allowed them 

to generate a pseudo-ternary liquidus diagram for "alkaline 
magmas" from which general behavior of alkaline magmas can 
be predicted. Although clustering of data points enabled 
them to locate the position of the ol+cpx+plag+sp cotectic 
reasonably well, it remains to be seen if the position of 
this cotectic is affected by composition. Data generated by 
Kennedy et al. (1990) give a somewhat different cotectic 
when plotted on Sack et al.'s (1987) diagram using Sack et 
al.'s 1987 algorithm. If this is true for other
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Figure 3: Pseudo-liquidus phase diagram from Sack et al. 
(1987, Figure 12). See text for discussion.
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compositions, then Sack et al.'s (1987) diagram (Figure 3) 
cannot be used to predict the behavior of an alkaline magma 
of a given volcano. A corollary of this is that prediction 
of the behavior of magma of a given alkaline volcano 
requires experiments with rocks from that volcano.

STATEMENT OF PROBLEM AND ITS SIGNIFICANCE

Study of the petrologic and geochemical 
characteristics of alkaline rocks provides insight into the 
mineralogical and chemical characteristics of alkaline magma 
source regions, differentiation of alkaline magmas, and the 
extent of crustal assimilation in their petrogenesis. 
Volcanism within continental rift zones, such as the East 
African Rift Valley and the Terror Rift Zone in Antarctica, 

is typically alkaline in character. Alkaline rocks from Mt. 

Erebus, which range from silica poor basanites (Si02 44.23
wt%) to silica rich phonolites (Si02 55.53 wt%; Figures 4

and 5) provide an ideal rock association for investigating 
the evolution of alkaline magmas. The purpose of this study 
is to determine what role, if any, low pressure crystal 
fractionation plays in producing the observed compositional 
diversity in the alkaline rocks of Mt. Erebus.
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Figure 4: CAMS system projection using procedure in Chapter 
3 of BVSP (1981). Open squares = basanite, filled diamonds 
= Ne-hawaiite, arrows = Ne-mugearite, open circles = Ne- 
benmoreite, and filled stars = anothoclase phonolite.
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Figure 5: Plot of Na 2 0 +K2 0  (wt%) versus Si02 (wt%) showing 
that Mt. Erebus volcanic rocks are alkaline. Open squares = 
basanite, open triangles = Ne-hawaiite, filled circles = Ne- 
mugearite, asterisks = Ne-benmoreite, and open circles = 
anothoclase phonolite.
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My objectives are: (1) to provide the first set of
low pressure experimental data on melts and coexisting 
minerals in alkaline rocks from Mt. Erebus; (2) to test the 
hypothesis that the Ne-hawaiite and anorthoclase phonolite 
can be generated from the basanite at low pressures; and (3) 
to provide further constraints for geochemical-petrologic 
models on the origin of alkaline rocks.

In order to achieve the first objective of this study, 
a series of experiments at one atmosphere pressure were 
conducted at temperatures from 1224° to 1049 °C using 
basanite, DVDP2 hawaiite, Ne-hawaiite, and anorthoclase 
phonolite from the Mt. Erebus volcano. In these experiments 
f0 2  was controlled at about the QFM level. The second 
objective of this study i.e., testing the hypothesis that 
the Mt. Erebus basanite magma can differentiate at low 
pressures to produce Ne-hawaiite which, in turn, can 

differentiate to produce anorthoclase phonolite, can be 
achieved in a number of ways. A very common testing method 
used by some petrologists is mass balance calculations.
This requires, as input to the calculations, the bulk 

composition of the parent magma, the bulk composition of the 
daughter magma, and the compositions of minerals assumed to 
be crystallizing from the parent magma. The drawback of 
this method is that one is forced to assume l) the bulk 
compositions of parent and daughter magmas are identical to 
bulk compositions of rocks, 2 ) minerals used in the mass
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balance calculations crystallize from the parent magma at or 
near liquidus conditions so that they are effectively 
removed from the melt, and 3) the compositions of the 
minerals used in the calculations are assumed to be the same 
compositions at the time of their fractionation. These 
assumptions are quite difficult to justify in many 
circumstances, and because the results depend upon these 
assumptions, I chose not to use this method.

A different method to test my hypothesis is to use 

thermodynamic melt-mineral equilibrium models such as that 
of Ghiorso and Sack (1995) . Although this is a very 
powerful method, the model is very complicated and was only 
recently developed. It must be tested extensively before it 
can be applied to a specific case such as the Mt. Erebus.

The third and most direct method of testing my 
hypothesis is to conduct experiments with Mt. Erebus rocks 
themselves to determine the compositions of glasses at 
different temperatures. A comparison of the compositions of 
experimental melts with those of actual rock series can 
either verify the hypothesis or nullify it. For example, if 

the composition of melts in basanite experiments changes 

with decreasing temperature and ultimately become identical 
to the bulk composition of anorthoclase phonolite, it 

supports the model that anorthoclase phonolite can be a low 
pressure differentiation product of the basanite magma.
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Because this is the most direct way to test my hypothesis, I 
chose the experimental method.

EXPERIMENTAL PROCEDURE

Starting Materials

Samples of basanite, DVDP2 hawaiite, Ne-hawaiite, and 
anorthoclase phonolite were provided by Dr. P. Kyle of the 
New Mexico Institute of Mining and Technology, Soccoro. The 
basanite and DVDP2 hawaiite samples are from the Dry Valley 
Drilling Project Two (DVDP2), and were collected from Hut 
Point Peninsula, Ross Island, Antarctica (Figure 2). 83415
Ne-hawaiite is from Tent Island (Figure 2) and the 
anorthoclase phonolite was collected from Mt. Erebus (Figure 
2). Although the basanite and hawaiite (from DVDP2) came 

from a hydrous magraatic system at Hut Point Peninsula their 
use can be justified because (1 ) the basanite sample used 
for this study contained no observable hydrous phases such 
as kaersutite; (2) although the DVDP2 hawaiite does contain 
kaersutite, it comprises only about 2 % of the rock, as 
determined optically, and (3) the compositions plot on the 
general compositional trends, indicating that they are 
genetically related (see Appendix A Figure 1 a-h).
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Sample Preparation

Each sample was ground to a particle size of 5-10 
microns. Five to six grams of this rock flour were mixed 
with polyvinyl alcohol and pressed into pellets. Each 
pellet, approximately 1 0  mm in diameter and 2 mm thick, was 
broken into 3 or 4 pieces and each smaller piece was than 
drilled with a 1/64" bit. Finally, each piece was hung on 
an Fe-electroplated platinum (Pt) wire.

Electroplating Process

To minimize the loss of iron from the samples to the 
Pt-wire, each 0.127 mm O.D. Pt-wire was electroplated in a 
Ferrous Ammonium Sulfate - Ferrous Sulfate solution, then 
annealed in a 95.25% CO 2 and 4.75% CO gas mixture in a 
Deltech one atmosphere gas mixing furnace for 72 hrs at 1200 

°C.

Furnace Design

A vertical Deltech DT31VT one atmosphere gas mixing 
furnace at the University of Cincinnati was used for all 
experiments. Temperature was controlled by a Mode C 
controller (Deltech Inc.) and sample temperatures were 
measured using a Pt-Pt-10% Rh (rhodium) thermocouple. In
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all temperature readings, a cold junction was used to 
eliminate external (room) temperature fluctuations. 
Temperature readings are believed accurate to + 2 °C.

Oxygen Fugacity Control and Quenching Procedure

Kyle et al. (1977) and Moore (1986) examined 
magnetite-ilmenite pairs from Ne-hawaiites from the Erebus 
lava lineage to determine fg2 conditions. The fQ2 values 
they calculated correspond to the Quartz-Fayalite-Magnetite 
(QFM) oxygen buffer, as is typical of most basaltic magmas 
(Haggerty, 1976) .

Oxygen fugacity in my experiments was controlled using 
a 95.25% CO2 and 4.75% CO gas mixture, corresponding to the 
QFM buffer. The flow rates of CO and CO2 were controlled 
using a Matheson Inc. flow meter.

Samples were hung from a Pt basket positioned in the 
hot spot inside the furnace. They were quenched by dropping 
the basket into cold distilled-deionized water by melting 
the hang wire with an electric current.
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Equilibrium in Experiments

Verification of equilibrium in experiments with rocks 
is difficult because 1 ) reversal experiments can not be 
performed and 2 ) some minerals may reach equilibrium with 
the melt while others may not. For example, clinopyroxene 
and plagioclase take a longer time to reach equilibrium with 

the melt but olivine typically does not. Since olivine 
usually reaches equilibrium with the melt in a short period 
of time it is possible to test equilibrium of Fe-Mg exchange 
between olivine and melt as follows. The Fo number of 
olivine crystallizing from a melt of known composition can 
be calculated from the glass data by using the following 
equation:

Fo = 100/1+[(KD )(100-Mg#/Mg#)]

where M g #  = (100) (njy[g#/nM g # + n F e #) = (100) (XM g /XM g + X F e ) 
and K d  is equal to 3.0+0.03. If the calculated olivine 
composition and the composition of olivines formed in an 
experiment are the same, equilibrium between olivine and 
melt is confirmed.

Figure 6 is a plot of the calculated Fo number (Fo#) 
of olivine that would be in equilibrium with melt in 
basanite, DVDP2 hawaiite, and 83415 Ne-hawaiite experiments 
versus Fo# of olivines in experiments with these rocks 
(filled squares = basanite; filled triangles = DVDP2 
hawaiite; and the filled circles = 83415 Ne-hawaiite). The
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Figure 6 : Fo# calculated versus Fo# actual. Solid line has 
a slope of one. Filled squares represent basanite, filled 
triangles represent DVDP2 hawaiite, and the filled circles 
represent 83415 Ne-hawaiite.
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basanite data range from 1224° to 1089 °C; the DVDP2 
hawaiite data ranges from 1104° to 1049 °C; and the 83415 
Ne-hawaiite data ranges from 1104° to 1049 °C (see Table 1).
The slope of the line plotted through the data set is one.
For all three rock types calculated and actual Fo# are the 
same verifying that equilibrium between olivine and melt was 
achieved in my experiments.

Loss of Volatiles

Volatile components of a sample such as Na2 0  and P2 O 5 

can be lost in melting experiments above 1000 °C. They may 
also be lost when samples are analyzed by the electron 
microprobe. Little can be done to reduce volatile loss in 
the furnace, but when collecting data with the electron
microprobe a larger beam size and two to three second
analysis minimize volatization. Alternatively, a smaller 

beam size can be used if the beam is moved rapidly and 
continuously during analysis. Volatile loss in microprobe 
analysis is most pronounced with the glasses. The magnitude 

of volatile loss can be estimated by comparing the 
concentrations of volatile elements in glasses from 
experiments where the entire sample melted with their 
concentrations in the starting material

Figure 7 is a plot of weight percent (wt%) Na 2<3 

content in anorthoclase phonolite glasses as a function of
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Table 1: Fo# calculated and actual for basanite, 
DVDP2 hawaiite, and 83415 Ne-hawaiite

Sample Temp Cal. Act.
(°C) Fo# Fo#

Basanite 1224 85.80 86.82
1197 85. 00 85.83
1177 83.38 84.73
1160 82.47 83.47
1138 81.30 82.90
1 1 2 0 78.90 79.26
1104 75.10 76.14
1089 71.20 73.67

DVDP2 1104 73 .20 73 .79
1089 70.80 70.93
1049 67.90 66.40

83415 1104 73.50 78.29
1089 68.90 68.72
1049 69.00 67.57

cal=calculated and act=actual
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Figure 7: Na20 (wt%) of glass compositions from the 
anorthoclase phonolite versus Temperature (°C). Solid line 
represents the starting concentration of Na20 (wt% = 7.77) 
from the anorthoclase phonolite (Moore, 1986). Filled 
triangles represent average measured Na20 concentrations 
from single experimental temperatures.
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temperature (°C). The solid line at 7.77 wt% is the "weight 
percent" of Na 2 0  in the anorthoclase phonolite whole-rock 
analysis from Moore (1986). This figure is based on data 
given in Table 2, where temperature, wt% of Na 2 0  in the 
glass, wt% of Na 2 0  in the starting material, and the loss of 
Na 2 0  for each experiment are given. Loss on Na20 occurs in 
most experiments, probably both during the experiment and 
during data collection. The total amount of Na2 0  lost is 
less than 10% of the amount present (9.74%).

Figure 8 is a plot of weight percent (wt%) P 2 O 5 versus 
Temperature (°C) for the anorthoclase phonolite. The solid 
line at 0.56 wt% is the "weight percent" of P 2 O 5 in the 

anorthoclase phonolite whole-rock analysis from Moore 

(1986). This figure is based on data given in Table 3,
where temperature, content of P 2 O 5 in glass, wt% of P 2 O 5 in
the starting material, and the loss of P 2 O 5 for each 
experiment is given. Loss of P 2 O 5 occurs in most
experiments, primarily during the experiment (Kilinc et al.,

1983). The amount lost is more than 40% of the amount 
present (43.15%).
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Table 2. Na20 loss in anorthoclase
phonolite experiments
Temp (°C) Na 2 0^ 1 Na 2 O in wt loss
1177 7.15 7.77 -0 ,.62
1160 7.13 7.77 - 0 ,,64
1138 6.82 7.77 - 0 ,.95
1 1 2 0 6.72 7.77 - 1 ..05
1104 7.30 7.77 - 0 ..47
1089 6.96 7.77 -0 ..81
Average wt loss = -0.76%

Total loss of Na 2 0  in terms of percent of the amount present 
§-74% ,

= where wt loss = wt% Na 2 0 ^ i - wt% Na 2 0 in
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Figure 8 : P 2 O 5 (wt%) of glass compositions from the 
anorthoclase phonolite versus Temperature (°C). Solid line 
represents the starting concentration of P 2 O 5 (wt% = 0.56) 
from the anorthoclase phonolite (Moore, 1986). Filled 
triangles represent average measured P 2 O 5 concentrations 
from single experimental temperatures.
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Table 3: P2O5 loss in anorthoclase
phonolite experiments
Temp (°C) P2°5gl
1177 0.27
1160 0.35
1138 0.24
1 1 2 0 0.24
1104 0.49
1089 0.32

P 2 ° 5 '*'n wt loss*
0.56 -0.29
0.56 -0 . 2 1
0.56 -0.32
0.56 -0.32
0.56 -0. 07
0. 56 -0.24

Average wt loss = -0.24%

Total loss of P 2 O 5 in terms of percent 
of the amount present 43.15%

= where wt loss = wt% P 2 C>5 ^ - wt% P 2 0 5 in
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ANALYTICAL PROCEDURE

Electron Microprobe

The four-channel Cameca SX-50 Electron Microprobe at 
Purdue University was used to determine chemical 
compositions of minerals and glasses. Methods for preparing
microprobe thin sections are given in Appendix B. The
parameters for the analyses were accelerating voltage of 15 
kV and beam current of 0.20 x 10“ 7 amps. A one micron 
diameter beam was used over a twenty second (integrated) 
counting time for all elements except Na 2 0; a 10-second 
integration time was used for Na20 to minimize its

volatilization under the beam. The sequence of analysis
was Na 2 0, FeO, K 2 0, Si02 ; MgO, MnO, P 2 O 5 / A1 2 0 3 ; Ti02 , CaO, 
NiO, and Cr2 03 . The concentrations of each oxide was 

determined using the correction procedures outlined by Bence 
and Albee (1968) and Albee and Ray (1970).

Microprobe standards were provided by Dr. R. Sack and 
Dr. D. Ebel of Purdue University and by Cameca. Table 4 
lists the standards and their compositions. Total iron is 

reported as FeO. Table 5 lists the standard deviation 
values for each oxide.
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Table 4: Microprobe i

Si02
Amelia Albite 68.73
(Na)
USP05
(Ti)
Orthoclase 64.39
(K)
Shallow Water 59.98
Enstatite
(Mg, Si)
Hort 7.31
(Mn)
Fayalite 6.44
(Fe)
Anorthite 43.20
(Ca, Al)
Mirot apatite
(P)
NIOL 28.30
(Ni)
52NL11 0 . 1 0
(Cr)

Ti02 A1 2 0 3 Cr2 0 3 FeO MnO MgO Ni0 2 CaO Na20
19.43 11.75

40.92 42.87 15.58
18.58 1.14
0.26 39.96

26.73 3.07 6.91 0.10
42.60

36.64 20.16
27.59

71.15
0.49 19.40 44.48 21.49 0.18 11.60

k 2o P 2 0 5 
0.09

14.92

7.77



Table 5: Precision of Microprobe analysis in 
terms of 1 standard deviation.
Oxides 1 # of analyses
Si0 2 0.28 14
Ti0 2 0 . 2 1 5
ai 2 o 3 0.14 14
Cr2$ 3 0 . 0 0 2
FeO 0.48 8
MnO 0. 05 6
MgO 0.16 14
NiO 0.08 3
CaO 0 . 2 0 14
Na20 0 . 1 2 1 2
K20 0.06 5
P2°5 0 . 0 2 3
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X-Ray Fluorescence

The bulk compositions of the DVDP2 basanite, DVDP2 

hawaiite, Tent Island Ne-hawaiite, and Mt. Erebus 
anorthoclase phonolite used in this study came from 
published XRF analyses. DVDP2 basanite and DVDP2 hawaiite 
are from Kyle (1981) and the Ne-hawaiite and the 
anorthoclase phonolite are from Moore (1986). Table 6 lists 
the compositions of these rocks.

DATA PRESENTATION

Mineralogy and Chemistry of the Rocks 

Basanite

The basanite from DVDP2 is an alkaline basalt composed 
of olivine, F0 7 4  to Fo8 7 ; clinopyroxene, En3 4 to En4 2 ; 
plagioclase, An 3 8 to An 7 i; and apatite. Representative 
mineral analyses of olivine, clinopyroxene, plagioclase, 
alkali feldspar, and apatite are given in Tables 7-10. For 
the full data set see Appendix C, Tables 1-4. The bulk 
composition of the basanite is given in Table 6 .
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Table 6 : XRF whole rock data for all for rock types

SiOo
Tio 2

DVDP2+
basanite
41.68

DVDP2+
hawaiite
47.27

83415
Ne-hawaiite

49.53
83452* 
Phonolite 
55. 00

4.06 2.95 2 . 1 2 1.36
A1 2 0 3 12.96 17.61 19.87 18. 29
Fe 2 0 3 3.06 3 .35 0 . 0 0 0 . 0 0
Cr 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 8.48 6 . 06 7.41 6.59
MnO 0.18 0 . 2 1 0.17 0.27
MgO 12.13 3.72 3 . 00 1. 64
NiO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 11.32 7.76 6.93 3 . 34
Na20 3.16 6 . 07 6 . 2 2 7.77
k 2o 1.48 3 .11 3.00 4.39
P 2 O 5 0.84 0.81 0.85 0.56
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Total 99.35 98.92 99 .10 99.21

* = data from Kyle (1981)
= data from Moore (1986)
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Table 7: Representative analysis of olivine 
from basanite

SiOp
TiOz

4r
38.77

2 c
38.14

c
39.42

r

39.21
0 . 0 1 0.04 0 . 0 0 0.03

Al2°3 0.09 0.08 0.06 0.03
Fe 2 ° 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2§3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 16.41 18.74 11. 63 15.63
MnO 0.24 0.26 0.08 0.19
MgO 42.49 40.41 46.52 43.37
NiO 0 . 1 1 0.14 0.28 0.16
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.28 0 . 2 1 0.23 0.18
Na20 0.03 0 . 0 0 0 . 0 2 0. 03
k 2o 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 0
P 2 O 5 0 . 0 2 0 . 0 1 0.07 0. 07
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.45 98.04 98.30 98.90
Fo 82.32 79.04 87.50 83.33
Fa 17.68 20.60 12.50 16.67
FeO* = total iron 
c = core analysis, r = rim analysis
Fo=forsterite, Fa=fayalite
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Some olivine grains display weak reverse zoning and 
others have normal zoning. The clinopyroxenes are 

predominantly homogeneous but one analyzed grain did display 
weak zoning. All the feldspar grains are laths in the 
groundmass and were too small to probe to determine if there 
is any zonation in composition.

DVDP2 Hawaiite

The DVDP2 hawaiite is a vesicular alkaline basalt 
composed of olivine, Fogs; clinopyroxene, En 3 Q to E n ^ ;  
kaersutite; plagioclase; An 2 7 to An 5 7 / apatite; and opaques. 
The bulk composition of the hawaiite is given in Table 6 . 
Representative analyses of olivine, clinopyroxene, 
kaersutite, plagioclase, and apatite are given in Tables 11- 
15. For the full data set see Appendix C, Tables 5-9.

Olivine displayed normal zoning. Clinopyroxene 
displays weak reverse zoning. All the feldspar grains are 
laths in the groundmass and too small to analyze for 
compositional zonation. The amphibole phase, kaersutite, is 
uniform in composition throughout the thin section.
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Table 11: Representative olivine compositions from 
the DVDP2 hawaiite
Hole# 4 4
An# 13 14
sio2 39.67 39.41
Ti02 0.00 0.00
ai 2 o 3 0.04 0.06
Fe2 0 3 0.00 0.00
Cr2§3 0.00 0.00
FeO 13.47 13.41
MnO 0.17 0.27
MgO 45.00 44.89
NiO 0.31 0.22
CoO 0.00 0. 00
CaO 0.14 0.18
Na20 0.03 0.00
k 2 0 0.01 0. 00
P2°5 0.00 0.07
SrO 0.00 0.00
BaO 0.00 0.00
TOTAL 98.83 98.51
Fo 85.79 85.86
Fa 14.21 14.14
FeO = total iron 
Fo = forsterite, Fa = fayalite



Ta
bl
e 

12
: 

Re
pr

es
en

ta
ti

ve
 

an
al

ys
is

 
of 

cl
in

op
yr

ox
en

e 
fr
om
 

DV
DP
2 

ha
wa

ii
te

0 r-* COvo o o *3" no o O O rn o o in co cn in o in
cn CO00 o o o CM co o o CSJ rH O o o o rH o co in o no
• • • • • ■ • • • • • • • • • • • • • • • • •
CM CO o o o o <n o o rH rH O o o o CO rH CO o CO o VO

M* rH CN cn co H in co CM *3*

o

no o cn o o m o CMo H H rHCOo o in no <3* in in CO
vo vo o o CMCMo O o COVOO o o o H vo COin cn no
• • • • • • • • • • • ■ • ■ • ■ • • • • • • •

COcn COo o COo H o o no o o o o o CO ■O' o vo in
rH no cn CO rH in CO rH *3*

VOCMo o *3< cn O o COCOo •53* o o o rH cn VO co COin
H O COo o CMcn O o vo COo o o o rH r* 00 COCOCM• • • ■ • • f # • • • • • • • • • • • • • • •
«3* COcn o o COo o O o rH o o o o o CO cn ID o vo vo VO
«3* rH CM cn rH in CO rH «3<

cn VOO o 00 •S3*cn CO o o CM o CO o o 3̂* o «3< in rH
CM r̂ rH O o CO rH 00 O o rH t'' o o o o cn CM cn CO vo cn O
• • • ■ • • ■ t • • • • • • • • • • • • • • •

cn CO CTl O o O o o o CM O o o o o in CO o CO ID VO
rH CM <n co rH in cn rH "31

n n n J
cm n o  O  O *  O  m <

O  O  cm no CMO O  O  O  O  O  n iO  O O O  Eh
•H -H H  a) )h Q) C Ov h  O <0 <0 no no >h (0 O
W E n i C f a U f a S S S O U S f a f a W C Q  Eh

C 03 O W fa !3
+ + + C 0) o W fa s

co
(H•H
rHnJ4JO-P

l/l•rH TS03 Q)>i +>rH 0rt a>c p(0 p0a) 0M0
0 voN. oa) •H+> W
<0 CM•H H
tj <a) (0E op s—'
<13+> *c (0•H EPIt 0)

si0 003Eh
(0</} U•H 0303 •■H II

*O II a>fa o

>i 0)h  >+H O aj ScaJ - +E 03 H fa P
11 + C
>H W

41

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



' S f O \ H O O H ( M i n O O m t M m « D O O  CO
H i n t ^ o o v o < N c o o o m > t f H o o o  h

f ** f ' J  ^ a a a a a a a a a a a a a a a a  a

r ^ i n ' d ' O O H O o o o H C ' j H o o o  in
CO H H H H O'*

H H n o o c ' j i n o H O H r ^ t n ' 3 ' O O  o
c o i n ^ r o o r H r H H o o i n ^ c o o o o  o
r ' l n ^ f o o H o H o o H n o H o o o  in
CO rH rH H H 03

o u i o o o M ' i H t n o r i o n c o o o  cm
i n c o c o o o c M H c o o o o c M i n o o o  co

V O  ^  J t a f a a a a a a a a a a a a a a a a  a

n » i n <5i, o o o o H O O C N n j H o o o  vo
CO rH rH H  H  03

N r l H O O O l h H O O ' K M t O O l O O
i n o H o o ^ r H H O o r ^ ^ i ' n o o o  o

VO CO ^ a a a a a a a a a a a a a a a a  a

C^VD«tfOOOOCMOOrHCMrHOOO vo
CO rH rH rH H 03

v o H c o o o i n e o o o i n o c o v o o v o o o  voc i H o i o o ^ t o o o o c o n ' j o o o  co
^ a a a a a a a a a a a a a a a a  a

n > v o n o o o o r M O O H c M H o o o  vo
CO H H H H 03
n n c o o o o i i n v o i N o m n c i i ' O o  t"

O r l W O O O O l r l V O O O M n N O O O  *3*

c n c M i n o o H c o r ^ H o i n n v o o o o
p c o v o a i o o r ^ H r M O O i o c o H O O o

a a a a a a a a a a a a a a a a

• H V O i n M ' O O C M O O O O r H C M r H O O O  
CO rH rH iH rH

H n H O o n M n o o o c o N t o o o
i n o i v f o o o H m o o i n f i ' i o o o

^ { a a a a a a a a a a a a a a a at ^ i n ^ o o c o o o v o o H n j H o o o
CO rH rH H

n l O H O O ' J M O H O l O l O O N O O
■ H M j i i n o o i n H i o o o i o i n c i H o o
^  a a a a a a a a a a a a a a a a

pt - ' i n ' S ' O O C MO O O O H l Mr H O O O  
CO rH rH H H

nicninoo^t^r^rHocot^invooo
W r l O O O O l r l i n O O O l ^ l N O O O

^ a a a a a a a a a a a a a a a a

t ^ V O ' t f O O O O H O O H C M H O O O  
CO rH rH H H

' J ' f O O O O h ' f O O O C H O U O O
•HVOCTl'4'OOCMHHOOn'inOJOOO
S ,  a a a a a a a a a a a a a a a a

P t ^ i n ^ o o c o o o o o H c M H o o o
CO H rH H H

c o c o v o o o o i n i n o o c o c o c o v o o o  
VOVOCOOOrHOOOOOinincNOOO 
• • • • • • • • • • • • • • • •

P ' l n ' t f O O C O O O O O H C M H O O O  
C O H  H H  H  03 P  0) CP -h II o

CO CO CO p  0  II
cm cmO  O  O hc o  in  <; hc

O  O  «M CM CMO O  O  O  O  O  CMO O O O  Eh O  II In
■H -H H  Q) p  CD C &>t H O (0 CO CM CM p  (0 O  0) '■».
W E H C f c O f e S S S U U S i ^ f t W r n  £h Ph O - H

48

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

VO CM

no O
p in  h
<w

cn
c
0

•H in  cn
p
•Hm
o
a
e
o
0 in  co

a)
p
•H
•p
p inm
p
0)
CO

*

0) in  vo
>

•H
•p
c0

-P
C  (0
0) P H  CM
C/1 "H
0) -H
P  10
P i  >
(0 (0
(4 X!
a. CM H  H
CO Pi
H  Q

0) Q Hfc
rH a)
P  0) H
CO £! 0  c
EH -P K  3

•
vo 03
o •Hm ui 

Sn*h
in H  0)
t "

•
(0 >1 
C  rH

in CO CO
03 c

0) (0 
p
0  g

in O -H
• ^  p

VO 0)
cn p  II 

(0
•H P

m T3
H 0) -• e  o)
C ' P  "H
03 a) m

p  > i 
C  H

H •H (0
in c

t II CO
VO
cn

i
/

c

r
im

CO
o -  0)• c 01 P

0 •H CO
crv p 03 -H

•H Sh TO
rH 0)

H 1—1 co e
in cO C  P

« -P (0 03
vo 0 p



Ta
bl
e 

14
: 

Re
pr

es
en

ta
ti

ve
 

an
al

ys
is

 
of 

fe
ld

sp
ar

 
fr
om
 

th
e 

DV
DP
2 

ha
wa

ii
te

co co
n o o O o COCM cn o co 1̂ in cn o o CO COvo 10
CMCO ro O o in O o o o COin o o o r- COo o
• • • • ■ • • • • • • • • • • • • • • •

in o o o o o o o o COin o o o o 00 co CO CO
in CM cn in

<3<o o CM cn rHvo o CM vo CO o o o in CO rH 10CN <N rHvo o o t"-o CMo o in vo H o o CO CN in CNH • * • • • • • • • • • • • • • • • • # •
a \in O voCM o o o o O o o r**vo o O o o

10
1 37 COin

in 00 CO o o in o o 00 o COin t- rH o o in CO coH in rHI"-o o vo o rHo o rHGl O o o CO inoH • • • • ■ • • • • • • • • • • • • • • •inin O l'-
CM
o o o o O o o cn in O o o o 66 44 52 CO

m co
CO r* <3*o o in in r- o o vo o o pH o o 00 o o oCO rH o o in o o o o VO vo COin o o in o o o• t • • • • • « • • • • • • • • • • • •
CM O cn o o o o o o o pH o o o o m C" pH CNin CM pH cn in **

vo 'J* H

<3*

CO CN C" o o CO o VO r- o in O VO o o o CN COH p H vo o o o o o o co CO CO CN o o CN pH CO o• • • • t • • • • f • • • • • • • • • •COin o voCN o o o o o o o r- vo o o o o

10
1 38

09 pH

CO 00 VO o o rH t-'cn o o co cn CN ro o o in o o o
rH pH o o VO o o o o cn o CO o o o cn o o ot • • • • • • • • 1 • • • • • • • • • •

CO
in
O cn

CM
o o o o o o o o

pH
in o o o o 66 53 45 CM

VO

*3* in

CM vo 00 o o CM CO CO o o inin o CN o o <3* r- in COcn H VO o o vo o o o o in CO O o o CO in OV
• • • t • • • « • • • • • • • • • • • «

CM
m
o cn

CM
o o o o o o o pH

pH
o O o o

1
0
0 42 55 rH

in CM co o o rH o CO o o CN O CO CO o o vo CO CO CO
Nf H CM o o co o o o o co CO O o o CN o in CO
• • • • • • • • • • • • • • t f • • 4 •

pH
VO

O in
CM
o o o o o o o in r- H o o o

1
0
1 27 64 CO

CO CO CO O  O o 00 o o VO CM VO O O CO CM m CO i—l
CO h  vo o  o  in O o o o CO h  in O  O O ■sJ1 in o (0

CO vo « • • • • • • • • > • • • • • • ■ • • • p
vo o  t" o  o  o O o o o CO vo o o  o o o CM co 0
in CM o

rH
in p

=#5 co co co b
II

0) CM CMO O  O * O in < *
H  =*fc O  O  CM CM CMO O O O O o CMO O  O O Eh o
0 G •H •rl H  Q) 5j O c tJVrl 0 CO (0 CM CM 5-t (0 O G b U QJ
K  < W  EH &H u  Pn s S  S U u 55 «  CP W CQ EH < C O Ph

II
b

co5-1 - H 0) 
p■H
5h
o
G10

C

49

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

al
bi

te
, 

Or 
= 

or
th

oc
la

se



e 
15
: 

Re
pr

es
en

ta
ti

ve
 

ap
at

it
e 

co
mp

os
it

io
n 

DV
DP
2 

ha
wa

ii
te

cn h

r* o

voo voo o o H CNo o o o H ino o rHm H o o o m H cn o o Clo o CMo o• • • • • • • • • • • • • • • • •o o o o o o o o o o ino o H o o COin •sJ1 Cl

Clo c\]o o o VOinno o Clo r*o o O'cn o o o o cn o cno o no o o COo o cn• • • • • • t • • • • • • • • • •o o o o o o o o o o in o o o o oin CTl

cop
•rH

(0-po■p

rH
Si 0) (0 Xi Eh -P

=tt= cn cn cn PI
01 no noO  O  O * o in <! *
H  =*fc O  O  no no noO O o o o o noO O  O O EH O0 C •H -H H  <U P  0) c tri-H 0 co (0 no no P (0 O 0)
x  c W Eh <  IP U  Cn s a a o u S3 «  (P W CQ EH (P

50

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Ne-hawaiite (834l5f

The Ne-hawaiite is a porphyritic alkaline basalt 

composed of olivine, Fogs to Fo 8 4 ; clinopyroxene, En3 6  to 

En38» plagioclase, An 4 Q to Ansg; apatite; and opaques. 
Representative analyses of olivine, clinopyroxene, 
plagioclase, and apatite are given in Tables 16-19. For the 
full data set see Appendix C, Tables 10-13. The bulk 
composition of the Ne-hawaiite is given in Table 6 .

The olivine grains display both normal and reverse 

zoning. The clinopyroxenes are homogeneous. Plagioclase 
grains have normal zoning in general, but some have weak 
reverse zoning.

Anorthoclase Phonolite

The anorthoclase phonolite is a vesicular, porphyritic 
alkaline basalt composed of olivine, Fo4 g to F0 5 7 ; 
clinopyroxene, En3 4 to En4 ^; anorthoclase Or3g to Or 3 o; 
apatite; and opaques.

The olivine grains display minimal to no zonation.

The clinopyroxenes are homogeneous. The bulk composition of 
the anorthoclase phonolite is given in Table 6 . 
Representative analyses of olivine, clinopyroxene, 
anorthoclase, and apatite are given in Tables 20-23. For 
the full data set see Appendix C Tables 14-17.
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Table 16: Representative analysis of olivine 
from the 83415 Ne-hawaiite

r c c r

Si02 37.41 37.03 36.92 37.39
Ti0 2 0.09 0.04 0.07 0 . 08
a 1 2°3 0.04 0.05 0.05 0 . 08
Fe2 ° 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2§3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 25.15 27.80 27.99 25.39
MnO 0.75 0.91 0 . 6 8 0.63
MgO 34.90 32.78 32.35 34.66
NiO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 2
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.43 0.37 0.37 0.41
Na 2 0 0.04 0. 05 0.04 0.05
k 2 0 0.03 0 . 0 0 0 . 0 1 0 . 0 0
P 2 0 5 0 . 06 0 . 1 0 0 . 1 1 0 . 1 2
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
TOTAL 98.90 99.13 98.53 98.81
Fo 71.21 67.77 67.32 70.87
Fa 28.79 32 . 23 32.68 29.13
_ -kFeO = total iron
c = core analysis, r = rim analysis
Fo = forsterite, Fa == fayalite
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Table 20: Representative analysis of olivine 
from the anorthoclase phonolite

Hole# 3 5 5 5 5 5
An# 8 6 28 29 30 31

c c c c c c
Si°2 33.66 33.62 33.55 33.58 33.46 33.61
Ti02 0.00 0.00 0.02 0.02 0.06 0.04
Al2°3 0.04 0.01 0.03 0.02 0.05 0.04
Fe203 0.00 0.00 0.00 0.00 0.00 0.00
Cr2°3 0.00 0.00 0.00 0.00 0.00 0.00
FeO 41.69 41.05 41.47 40.70 41.15 41.03
MnO 2.50 2.68 2.66 2.86 2.52 2.60
MgO 20.85 20.64 20.30 20.71 20.60 20.80
NiO 0.00 0.04 0.03 0.01 0.00 0.05
CoO 0.00 0.00 0.00 0.00 0.00 0.00
CaO 0.54 0.52 0.54 0.52 0.52 0.51
Na20 0.04 0.04 0.04 0.03 0.04 0.03
k 2o 0.00 0.00 0.01 0.00 0.00 0.00
p2°5 0.06 0.02 0.04 0.02 0.06 0.04
SrO 0.00 0.00 0.00 0.00 0.00 0.00
BaO 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 99.38 98.63 98.68 98.46 98.46 98.74

Fo 47.14 47.26 46.60 47.564 47.16 47.47
Fa 52.86 52.74 53.40 52.436 52.84 52.53

•kFeO = total iron
c = core analysis, i/r = intermediate/rim analysis, r 
Fo = forsterite, Fa = fayalite

6 6 6
3 19 20
c r i/r

35.36 33.77 33.74
0.00 0.04 0.04
0.04 0.02 0.05
0.00 0.00 0.00
0.00 0.00 0.00

34.95 41.50 41.53
2.06 2.68 2.71

26.69 20.48 20.65
0.00 0.01 0.10
0.00 0.00 0.00
0.48 0.48 0.49
0.02 0.04 0.00
0.01 0.00 0.00
0.06 0.02 0.06
0.00 0.00 0.00
0.00 0.00 0.00

99.65 99.04 99.36

57.65 46.80 46.98
42.35 53.20 53.02

6 6 6
21 22 23
r r c

33.75 33.57 33.57
0.11 0.01 0.00
0.00 0.05 0.02
0.00 0.00 0.00
0.00 0.00 0.00

41.92 41.44 40.93
2.62 2.55 2.56

20.53 20.52 20.50
0.01 0.02 0.00
0.00 0.00 0.00
0.52 0.51 0.69
0.02 0.06 0.05
0.00 0.00 0.00
0.08 0.09 0.08
0.00 0.00 0.00
0.00 0.00 0.00

99.56 98.83 98.39

46.62 46.89 47.17
53.38 53.11 52.84

rim analysis
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Figures 9-11 are plots of the compositional variations 
in olivine, clinopyroxene, and feldspars from all four rock 
types. They were generated using data from Tables 1-3, 5,
6 , 8 , 10-12, and 15-17 in Appendix C.

EXPERIMENTAL RESULTS

The objective of the experiments reported here is to 
provide the first set of low pressure (one atmosphere) 
experimental data on the melts and coexisting minerals of a 
series of cogenetic alkaline rocks from Mt. Erebus. Table 

24 lists the results of these experiments for the basanite, 
DVDP2 hawaiite, 83415 Ne-hawaiite, and the anorthoclase 
phonolite. I used multiple regression analysis to calculate 
the weight percent of each phase (minerals and melt), and to 
determine the amount of Na 2 0  and FeO loss. For each 
temperature a representatie analysis of the melt, the 
mineral phase(s) if present, and total Na 2 0  and FeO were 

regressed against the bulk composition of the sample. The 
results are reported in Table 24.
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Figure 9 a-d: Variation of MgO and FeO in olivines from a)
basanite; b) DVDP2 hawaiite; c) 83415 Ne-hawaiite; and d)
Anorthoclase phonolite
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Figure 10 a-d: Pyroxene quadralateral from a) basanite; b)
DVDP2 hawaiite; c) 83415 Ne-hawaiite; and d) Anorthoclase
phonolite
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Figure 11 a-d: Ternary feldspar diagram a) basanite; b)
DVDP2 hawaiite; c) 83415 Ne-hawaiite; and d) Anorthoclase
phonolite
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Table 24. continued
Sample Hours Run Products Phase proportions (wt%) Loss (wt%)Run T log gi Ol cpx pi Na20 FeO
# (°C) f 0 2

Ne-hawaiite
83415
1 1 1224 - 8 . 1 2 96 gi 98.20 0.73 0.94
8 1197 -8.38 1 2 0 g! 99.20 0.64 1.05
9 1177 - 8 . 6 6 1 2 0 gi 1 0 0 . 0 0 0.40 0.50
1 0 1160 -8.94 168 gi, pi 97.50 1.33 0.87 0.36
1 2 1138 -9.23 360 gi, pi 91.10 8.07 0.47 0.31
13 1 1 2 0 -9.53 360 gi 96.20 1.41 0 . 8 8
15 1104 -9.83 264 gi, pi, ol 75.30 1.85 21.40 0.98 1.34
17 1089 -9.93 840 gi, pi, ol, op 69.80 2.58 27.02 0.99 0.06
16 1049 --10.64 1 0 0 0 gi, pi, ol, op 60.20 3.89 34.34 0.78 1.27

Anorthoclase
phonolite
9 1177 -8 . 6 6 1 2 0 gi 97.81 0.78 1.13
1 0 1160 -8.94 168 gi 97.67 0.81 1.03
1 2 1138 -9.23 360 gi 96.87 1.16 1 . 2 1
13 1 1 2 0 -9.53 360 gi 97.58 1 . 2 1 0.93
15 1104 -9.83 264 gi 98.71 0.56 1.14
17 1089 -9.93 840 gi 98.60 0.91 0 . 8 6
16 1049 --10.64 1 0 0 0 gi, pi 93.05 5.64 0.91 0.49
gl=glass, ol=olivine, cpx=clinopyroxene 
pl=plagioclase, op=opaques



Compositional Variation of Melts

Temperature (— C) versus Magnesium number (Mo^f

Because Mg tends to be partitioned into solid phases 
relative to Fe, which is enriched in residual liquids, the 
Mg# decreases as minerals containing MgO and FeO crystallize 
in a differentiating magma. Therefore, variation of the Mg# 
with temperature reflects the effects of decreasing 

temperature on the differentiation of magmas. The Mg# was 
calculated using the following equation:

Mg# = (100)(XMg/XMg+XFe)melt where Fe = Fe+ 2  

Basanite

Experiments with the basanite starting material range 
in temperature from 1224° to 1104 °C. Temperature (°C) 
versus Mg# is plotted in Figure 12a using the data from 
Table 25. Mg# decreases approximately linearly from 6 8 to 
54 and from 54 to 48 over the temperature range of 1224° to 
1138 °C and 1138° to 1104 °C respectively. The "rate of 
change" of Mg# is given by the slope of a tangent to the 
best fit line in Figure 12a. The slope of the best fit line 
through the data for 1224° to 1138 °C is 10.70, and that for 
data from 1138° to 1104 °C is 3.33. Varying rates at which
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Figure 12a: Plot of Temperature (0C) versus Mg# for the
experiments on basanite at one atmosphere.
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Table 25: Average melt compositions of the basanite (one atmosphere)
Temp (°C) 1224 1197 1177 1160 1138 1 1 2 0 1104
Si02 42.49 42.16 42.05 42.12 42.62 43.04 42.64
Ti0 2 4.75 4.72 5.03 5.07 5.18 5.31 5.39
Al203 13.94 14.06 14.79 15.07 15.82 16.40 15.92
Fe2 0 3 1.60 1 . 6 8 1.65 1.58 1.54 1.46 1.67
Cr2§3 0.08 0.06 0.05 0.04 0 . 0 2 0 . 0 2 0 . 0 1
FeO 8.84 8.79 8.42 8 . 2 1 8.38 8.75 8.32MnO 0.18 0.13 0.16 0 . 2 2 0.16 0.18 0.19MgO 9.02 8.36 7 . 09 6.49 6 . 1 2 5.67 4.23
NiO 0.05 0. 04 0. 03 0 . 0 2 0 . 0 2 0.03 0.04CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 12.26 1 2 . 60 1 2 . 8 8 13.15 1 2 . 6 8 11.67 9.48
Na 2 0 2.46 2.59 3 . 07 3.11 2.96 2.76 4.82
k 2o 1.26 1.34 1.50 1.51 1.52 1.33 2.76
P2°5 0.74 0.79 0.91 0.92 0.99 0.59 1.87Sro 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
TOTAL 97.66 97.31 97 . 62 97.49 98.00 97.20 97.30
# of analysis 3 4 4 3 2 3 3
Mg# 65 63 60 59 57 54 48
“ic = FeO and Fe2 0 3  determined using method given by Kilinc et al., 1983.
Each column represents the average of the number of analysis listed at the bottom of the 
table. Also included is the calculated Mg#. The full data base is given in Appendix E, 
Table 1.



Mg# changes with temperature reflects the rate of changing 
proportions and compositions of crystallizing minerals i.e. 
steeper the slope, greater the amounts of minerals 
crystallizing from the in smaller proportions. The higher 
temperature range (1224° to 1138 °C) is dominated by the 
rapid crystallization of olivine. At lower temperatures 
(1138° to 1104 °C) clinopyroxene, plagioclase, and olivine 
are crystallizing from the melt concurrently at a much lower 
rate.

DVDP2 hawaiite

The temperatures of experiments of the DVDP2 hawaiite 
range from 1224° to 1049 °C. Figure 12b which displays 
Temperature (°C) versus Mg#, was generated using data from 
Table 26. The Mg# between 1224° and 1120 °C does not change 
and between 1120° to 1049 °C it decreases from 49 to 39.

For this composition no magnesium-rich mineral phase(s) were 

forming from 1224° to 1120 °C, but at 1104 °C olivine, 
plagioclase, and clinopyroxene begin to simultaneously 
crystallize from the melt.

Ne-hawaiite (83415)

Experiments with the 83415 Ne-hawaiite were carried 
out at temperatures from 1224° to 1049 °C. Figure 12c, 
generated from Table 27, is a plot of Temperature (°C)
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Figure 12b: Plot of Temperature (QC) versus Mg# for the
experiments on DVDP2 hawaiite at one atmosphere.
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Table 26: Average melt compositions of 
DVDP2 hawaiite (one atmosphere)
Temp (°C) 1224 1197 1177

the

1160 1138 1 1 2 0 1104 1089 1049
Si02 48.31 47.44 47.33 47.41 47.81 48.33 46.80 47.63 49.39
Ti0 2 3.15 3.27 3.17 3.11 3 . 34 3.10 3.36 3.83 3.29
Alp03 18.04 17.80 17.73 17.85 18.16 18.15 17.14 16.67 17.36
Fe2 0 3 1.45 1.60 1. 57 1.47 1.45 1.27 1.52 1.70 1.35
Cr2*3 0.03 0 . 0 0 0 . 0 1 0 . 0 2 0 . 0 1 0 . 0 0 0 . 0 1 0 . 0 1 0 . 0 1
FeO 7.23 7.31 7.24 7.17 7.26 6.99 7.52 8.07 6.76
MnO 0 . 2 2 0.18 0 . 2 0 0.19 0.23 0.25 0 . 2 1 0.19 0.23
MgO 3.83 3.76 3.82 3.78 3.83 3.88 3.45 3.29 2.41
NiO 0 . 0 1 0 . 0 0 0. 03 0.07 0. 03 0 . 06 0 . 0 0 0 . 0 1 0 . 0 2
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 7.92 7.82 7. 77 7.67 7.84 8 . 0 1 7.44 7.19 5.78
Na20 4.86 5.41 5. 52 5.41 5.24 4.71 5.80 5.62 6.16
k 2o 2.62 2.72 2 . 81 2.82 2 . 8 6 2. 54 3.07 3.23 3.91
P2°5 0.35 0.55 0 . 6 8 0.65 0. 65 0 . 2 0 0.79 0.67 1 . 2 2
Sro 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 97.85 97.83 97.84 97.62 98.71 97.49 97.09 97.94 97.86
# of analysis 4 2 2 4 3 3 4 3 4
Mg# 49 48 49 48 48 50 45 42 39
* = FeO and Fe2 0 3  determined using method given by Kilinc et al., 1983.
Each column represents the average of the number of analysis listed at the bottom of the 
table. Also included is the calculated Mg#. The full glass data base is given in 
Appendix E, Table 2.



Figure 12c: Plot of Temperature (0C) versus Mg# for the
experiments on 83415 Ne-hawaiite at one atmosphere.
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Table 27: Average melt compositions for 83415 Ne-hawaiitei (one atmosphere)
Temp(°C) 1224 1197 1177 1160 1138 1 1 2 0 1104 1089 1049
Si02 50.19 49.76 49.35 50.00 49.72 51.43 49.61 48.72 48.70TiOz 2.33 2.37 2.37 2.63 2.83 2.29 2 . 8 8 3.10 3.25
a 1 2°3* 20.78 20.41 2 0 . 2 1 20.14 19.35 2 1 . 0 2 18.52 17.57 16.97Fe 2 03* 1 . 1 2 1 . 1 0 1.19 1.17 1.32 1 . 0 0 1.19 1.60 1.37
Cr2§3 0.03 0 . 0 0 0 . 0 0 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 2 0 . 0 1 0 . 0 2FeO 5.58 5.42 5.84 6.17 6.58 5.89 6.42 7.96 6.90MnO 0 . 1 1 0.16 0.18 0.18 0 . 2 0 0.15 0 . 2 2 0 . 2 1 0.29MgO 2.93 2.84 2 . 8 8 3.16 3.30 3.03 2.99 2.97 2.59NiO 0.03 0.04 0.03 0 . 0 0 0 . 0 1 0 . 0 1 0.05 0 . 0 2 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0CaO 7.16 7.06 6.95 6.80 6.33 6.96 5.77 5.71 5.67Na20 5.59 5. 62 5.82 5.43 5.95 5. 00 5.59 5.53 6.04
k 2o 2.79 2. 69 2.79 2.93 3.18 2.67 3.62 3.60 3.71
P 2 O 5 0.55 0.46 0.64 0.79 0.71 0.28 0.97 1 . 2 0 1.52SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.19 97.94 98.25 99.41 99.51 99. 69 97.84 98.00 97.01
# of analysis 1 3 3 4 3 2 3 4 2
Mg# 48 48 47 48 47 48 45 40 40
•J* = FeO and Fe2 0 3 determined using method given by Kilinc et al., 1983.
Each column represents the average of the number of analysis listed at the bottom of the 
table. Also included is the calculated Mg#. The full glass data base is given in 
Appendix E, Table 3.



versus Mg#. Mg# remains constant at 48 from 1224° to 1120 
°C, then decreases rapidly from 48 to 40 from 1120° to 1049 
°C. The slope of the best fit line for the temperature 
range of 1120° to 1049 °C is 4.41. The decrease in the Mg# 
of the melt is produced by the crystallization of olivine 
from 1104° to 1049 °C. Although plagioclase begins to 
crystallize at 1160 °C it does not consume MgO or FeO from 
the melt.

Anorthoclase Phonolite

Experiments on the anorthoclase phonolite range in 
temperature from 1177° to 1049 °C. Figure 12d which shows 
Temperature (°C) versus Mg# was generated using data in 

Table 28. There is no change in the Mg# between 1177° and 

1049 °C, indicating that no mineral phase(s) containing 
magnesium or iron were crystallizing in this temperature 
range.

Weight percent Melt (wt%t versus Temperature (— C)

It is possible to estimate the rate of crystallization 
for a mineral or a group of minerals as a function of 
temperature. One approach is to calculate the amount a 
mineral phase(s) crystallize over a range of decreasing 
temperature. Another way which provides a more general
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Figure 12d: Plot of Temperature (QC) versus Mg# for the
experiments on anorthoclase phonolite glass at one
atmosphere.
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Table 28: Average melt compositions for 
anorthoclase phonolite (one atmosphere)
Temp (°C) 1177 1160 1138 1 1 2 0 1104 1089 1049
sio2 55.96 56.07 56.55 56.09 55.44 55.58 55.56
Ti02 1.53 1.48 1.55 1.44 1.48 1.42 1 . 61
ai 2 o3* 19.56 19.52 19.65 19.65 19.40 19.24 18.19
Fe2 0 3 1 . 0 2 1 . 0 1 0.95 0.96 0.93 0.99 1.05
Cr2§3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 2 0 . 0 1 0 . 0 0 0 . 0 1
FeO 4.66 4.78 4.70 4.94 4.68 4.92 5.58
MnO 0.29 0.28 0.27 0.26 0.27 0.28 0.36
MgO 1.42 1.41 1.42 1.45 1.45 1.41 1. 64
Nio 0 . 0 2 0 . 0 2 0 . 0 1 0 . 0 1 0.03 0 . 0 1 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 3.34 3.38 3.33 3.43 3.25 3.29 2.87
Na20 7.15 7.13 6.82 6.72 7.30 6.96 6.97
k 2 0 4.17 4.19 4.14 3.96 4.24 4.11 4.40
P2°5 0.27 0.35 0.24 0.24 0.49 0.32 0.45
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
TOTAL 99.40 99.63 99.64 99.14 98.97 98.42 98.69
# of analysis 3 8 6 2 4 5 3
Mg# 35 35 35 35 36 34 34

= FeO and Fe2 0 3  determined using method given by Kilinc et al., 1983.
Each column represents the average of the number of analysis listed at the bottom of the 
table. Also included is the calculated Mg#. The full glass data base is given in 
Appendix E, Table 4.



impression of the crystallization of a mineral phase(s) is 
to examine how the melt fraction of a magma decreases with 
decreasing temperature. Examples of both of these 
approaches will be presented in the following figures. For 
all the Melt (wt%) versus Temperature (°C) plots (Figure 13 
a-c) the data are taken from Table 24.

Basanite

Figure 13a shows the wt% of melt versus Temperature 
(°C) in basanite experiments. Olivine is the only phase 
crystallizing between 1224° and 1160 °C. The weight percent 
of olivine crystallizing from the melt increases from 8.3 
wt% to 15.1 wt% respectively (Table 24). The average change 
in the weight fraction of olivine with crystallization in 
this temperature interval is 0.11 wt% olivine/°C. When 
clinopyroxene begins to crystallize with olivine at 1138 °C 

the average change in weight percent with crystallization 
for olivine decreases significantly, from 0.11 to 0.0025 wt% 
olivine/°C over the temperature range of 1138° to 1120 °C. 
Finally when olivine, clinopyroxene, and plagioclase are 
crystallizing from the melt, olivine reaches a maximum rate 

of crystallization of 0.21 wt% olivine/°C between 1120° and 
1104 °C.
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Figure 13a: Plot of melt (wt%) versus temperature ( ° C )  of
the temperature range 1 2 2 4 °  to 1 1 0 4  ° C  for basanite one
atmosphere experiments.

85

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



10
0 o  o

(35 00
O O

CD
OLO

O

(%1M) t|3|AI

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

12
50
 

12
00
 

11
50
 

11
00
 

10
50
 

10
00

Te
mp
er
at
ur
e 

(°C
)



DVDP2 hawaiite

Figure 13b is a plot of wt% of melt versus Temperature 
(°C). The percentage of melt between 1224° and 1120 °C 
changes insignificantly, but from about 1120° to 1049 °C the 
percentage of melt decreases dramatically from 96 wt% to 62 
wt%. The slope of the best fit line is approximately equal 
to zero between 1224° and 1120 °C. The lower temperature 
ranges, from 1120° to 1049 °C, has a steeper gradient, 
indicating that mineral phase(s) are crystallizing from the 
melt. These phases are plagioclase, olivine, and 
clinopyroxene (Table 24).

Ne-hawaiite (83415)

Figure 13c represents wt% of melt plotted against 
Temperature (°C). From 1224° to 1177 °C the weight percent 

of melt displays minimal change. However, between 1177° to 
1049 °C the percentage of melt decreases from 98 wt% to 60 
wt%. At 1160 °C plagioclase begins to crystallize and by 
the time the temperature reaches 1104 °C, olivine is also 
crystallizing (Table 24). The amount of melt decreases 
rapidly because at 1104 °C 21 wt% plagioclase is 
crystallizing from the melt whereas at 1049 °C 34 wt% of 
plagioclase is crystallizing.
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Figure 13b: Plot of melt (wt%) versus temperature (°C) of
the temperature range 1224° to 1049 °C for the DVDP2
hawaiite one atmosphere experiments.
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Figure 13c: Plot of melt (wt%) versus temperature (°C) of
the temperature range 1224° to 1049 °C for 83415 Ne-hawaiite
one atmosphere experiments.
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One datum plots above the curve for the weight percent 
of melt calculated at 1120 °C. Table 24 shows that glass 
plus plagioclase are present in the 83415 Ne-hawaiite at 
1138° and at 1104 °C f but in the 1120 °C experiment only 
glass was observed. Because plagioclase is present in the 
experiments above and below the 1120 °C experiment I will 

assume that plagioclase also crystallized in the 1120 °C 
experiment. Despite the small sizes of charges in the 
experiments, minerals sometimes float or sink. As a result, 
the experimental charge that is used in preparing the 
polished sections for microprobe analysis may contain only 
glass and no mineral phase(s). If the 1120 °C experimental 
data point is projected onto a smooth curve, the wt% of the 
melt would be approximately equal to 82 wt% (Figure 14).

Anorthoclase Phonolite

Figure 15 represents the wt% of melt versus 

Temperature (°C) and was generated using data from Table 24. 
The percentage of melt is fairly constant until 1049 °C, at 
which point there is a slight decrease. This decrease is 
the result of plagioclase crystallizing from the melt.
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Figure 14: Modified plot of melt (wt%) versus temperature
(°C) of the temperature range 1224° to 1049 °C for 83415 Ne-
hawaiite one atmosphere experiments.
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Figure 15: Plot of melt (wt%) versus temperature (°C) of the
temperature range 1177° to 1049 °C for the anorthoclase
phonolite one atmosphere experiments.
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Mineral Chemistry

Olivine

Figure 16 a-c was developed using representative 
analysis of olivine from the one atmosphere experiments of 
basanite, DVDP2 hawaiite, and the 83415 Ne-hawaiite (Tables 
29, 30, and 31 respectively). The full data base is given 
in Appendix E, Tables 1, 2, and 3.

The Mg/(Mg+Fe+2) ratios for olivines in basanite,
DVDP2 hawaiite and the Ne-hawaiite range from 66-87. It 
should be noted that the Mg/(Mg+Fe+2) ratio decreases with 
decreasing temperature in all three rock types. For 
example, in the basanite sample at 1224 °C, the Mg/(Mg+Fe+2) 

ratio is 87 and at 1049 °C it is 6 6 . For the 83415 Ne- 
hawaiite, at 1104 °C the Mg/(Mg+Fe+2) ratio is 78 and at 
1049 °C it is 6 8 . Similar variations in the Mg/(Mg+Fe+2) 
ratio of olivine with temperature have been reported by 

Camur (1989), Sack et al. (1987), Kennedy et al. (1990), and 
Thy (1991).

Iron-Magnesium Exchange Between Melt and Olivine

Iron-magnesium exchange between a silicate melt and 
the coexisting olivine has been investigated experimentally, 
by Roedder and Emslie (1970). For tholeiitic compositions, 

the Fe-Mg distribution coefficient for olivine-melt, K[>, has
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Figure 16 a-c: Variation of MgO and FeO in olivines from a) 
basanite, b) DVDP2 hawaiite, and c) 83415 Ne-hawaiite. 
Range of olivine compositions from Mt. Erebus basanite and 
83415 Ne-hawaiite are shown by double headed arrows for 
comparison with the compositions of olivines in the 
experiments.
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Table 30: Representative analysis of olivine 
from DVDP2 hawaiite (one atmosphere)
Temp (°C) 1104 1089 1049

SiOo
Ti02

36.97 38.23 37.47
0 . 1 0 0.16 0.41

ai 2 0 3 0.07 1.17 1.35
Fe 2 ° 3 0 . 0 0 0 . 0 0 0 . 0 0
Cr2*3 0 . 0 1 0 . 0 0 0 . 0 1
FeO 23.20 24.18 26.94
MnO 0.57 0.57 0.79
MgO 36.65 33.09 29.92
NiO 0 . 0 0 0 . 0 0 0 . 0 2
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.52 0.85 0.93
Na20 0.04 0.23 0.43
k 2o 0 . 0 2 0.05 0.28
P 2 O 5 0.19 0 . 06 0.14
Sro 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0
TOTAL 98.31 98.58 98.68
Fo 73.79 70.93 66.40
Fa 26.21 29.07 33 . 60
FeO* 
Fo =

= total iron 
forsterite, Fa = fayalite
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Table 31: Representative analysis of olivine 
from 83415 Ne-hawaiite (one atmosphere)
Temp (°C) 1104 1089 1049
Sio?
Ti02

38.12 36.16 36.41
0 . 1 1 0.03 0.07

A l2°3 0.14 0.08 0.06
Fe2 0 3 0 . 0 0 0 . 0 0 0 . 0 0
Cr2§3 0.03 0 . 0 0 0 . 0 1
FeO 19.41 26.91 27.56
MnO 0.40 0.61 0.77
MgO 39.50 33.16 32.22
NiO 0.09 0.04 0 . 0 2
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.41 0. 39 0.45
Na20 0.03 0.05 0.04
k 2o 0 . 0 0 0 . 0 0 0 . 0 0
P 2 O 5 0.08 0.06 0.05
SrO 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.31 97.48 97.66
Fo 78.29 68.72 67.57
Fa 21.71 31.28 32.43
FeO* 
Fo =

= total iron 
forsterite, Fa = fayalite



a value of 0.3+0.03; this value for Kq has been extensively 
used in basalt petrology (Ringwood, 1975; BVSP, 1981). 
Although is often assumed to be independent of 

composition, recent experimental data indicate otherwise.
Gee and Sack (1988) reported that Kp is a monotonically 
increasing function of silica activity in the composition 
range from melilitite-nephelinite to alkali basalt to 
tholeiite. Kq values reported by Gee and Sack (1988) for 
the Fe-Mg exchange reaction between olivine and melt 
(melilitites and nephelinites) are considerably lower (0.17- 
0.24) than those for tholeiites (0.30). Camur (1989) 
determined that Kq ranges from 0 . 2 2  to 0.26 in potassium- 
rich alkali basalts. Thy (1991) determined that an average 
Kq for high-temperature olivine-melt pairs in mildly alkalic 
lavas is 0.25, and for low temperature olivine-melt pairs 
the Kd ranges from 0.2 3 to 0.25. Gerke (1990) and Smith 
(1992) have determined olivine-melt Kq for certain high 
silica melts. Gerke (1990) determined a Kp value of 
0.40+0.02 for the Grassy Mountain Ignimbrite, and Smith 

(1992) reported Kq values from the Magdelena rhyolitic 
obsidian as 0.43+0.02. These studies confirm the 
compositional- and T-dependence of Fe-Mg exchange between 
olivine and coexisting melt.

This research has generated additional Kp data. The 

Kp values in this study ranged from 0.24 to 0.32 (see Table 
32) .
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Table 32: Kp values for olivine-melt pairs from the one 
atmosphere experiments with basanite and 83415 Ne-hawaiite

Temp oli g gl 
Fe 2/Mg k d(°C) Fe 'VMg oi/gi

Basanite 1224 0.15 0. 64 0. 24
1197 0.17 0.59 0.28
1177 0.18 0. 67 0.27
1160 0 . 2 0 0.71 0.28

Ne-hawaiite 1104 0.28 1 . 2 0 0.23
83415 1089 0.46 1.78 0.26

ol=olivine,
1049

gl=glass
0.48 1.50 0. 32
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Clinopyroxene

Representative analyses of clinopyroxenes from 
basanite and DVDP2 hawaiite experiments are given in Table 
33 and 34. Calculation of clinopyroxene analyses, without 
any correction, as enstatite (En = Mg 2 Si0 g), ferrosilite (Fs 
= Fe2 Si0 g), and wollastonite (Wo = Ca2 Si0 g) components in 
Tables 33 and 34 show that some compositions would plot 
above diopside-hedenbergite join on the pyroxene 
quadrilateral. This suggests that the clinopyroxenes in 

these experiments have a certain amount of Ca-Tschermak 
(CaA^SiOg) component (Yagi and Onuma, 1967). Indeed 
natural clinopyroxenes that contain the Ca-Tschermak 
component plot above the diopside-hedenbergite join (Brown 
and Carmichael, 1969). Figure 17 a and b show the 
composition of clinopyroxenes from the basanite and DVDP2 
hawaiite experiments after the Ca-Tschermak component 
correction. Corrected enstatite, ferrosilite, and 
wollastonite components are listed as En+ , Fs+ , and Wo+ in 
Tables 33 and 34. For the full data base see Appendix E, 
Tables 4 and 5.

Figure 17 a and b show that pyroxenes in the basanite 
and DVDP2 hawaiite experiments are high calcium pyroxenes 
plotting within the augite field in the quadrilateral.
Figure 17 and b as well as data in Tables 33 and 35 also 
show an increase in the ferrosilite/enstatie ratio of the
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Table 34: Representative analysis of clinopyroxene 
from DVDP2 hawaiite (one atmosphere)

o-j

Temp (°C) 1104 1049

Si02 46.56 46.75
Ti02 2.83 3.15
ai 2 o 3 5.44 5.83
Fe2 0 3 0 . 0 0 0 . 0 0
Cr2§3 0 . 0 2 0 . 0 1
FeO 7.45 7.52
MnO 0 . 2 0 0 . 2 2
MgO 12. 63 1 2 . 2 0
NiO 0 . 06 0 . 0 1
CoO 0 . 0 0 0 . 0 0
CaO 21.74 21.69
Na20 0 . 62 0.61
k 2o 0.03 0.06
P2°5 0. 09 0.07
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 97.63 98. 09
En 38.92 37.91
Fs 12.97 13.19
Wo 48.11 48.90
En+ 41.14 40.35
Fs+ 13.71 14.04
Wo+ 45.14 45.61
FeO* = total iron
En = enstatite, Fs = ferro
En+ , Fs+ , Wo+ = Ca Tscherm



Figure 17 a and b: Pyroxene quadralateral for the 
experimentally formed clinopyroxenes from a) basanite and b) 
DVDP2 hawaiite.
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clinopyroxenes with decreasing temperature indicating that 
lower temperature clinopyroxenes are richer in iron compared 
to the higher temperature clinopyroxenes.

In addition to the Ca-Tschermak molecule, one 
atmosphere experimental clinopyroxenes also contain 

significant amounts of titanium (Ti0 2 ) and aluminum (AI2 O 3 ). 
To determine if this feature was a result of disequilibrium 
in the experiments or if it is reflecting the equilibrium 
composition of pyroxenes one must first examine the 
clinopyroxenes from the rocks (Appendix C, Tables 2, 6 , 11, 
and 15). These tables indeed show that natural 
clinopyroxenes also have higher Ti0 2 and AI 2 O 3 , and 
interestingly within each rock type there are two different 
compositions of clinopyroxenes! One composition has Ti0 2  up 
to 5 wt% and AI 2 O 3 up to 11 wt% and the other composition 
has Ti0 2  no more than 1 wt% and AI 2 O 3 values no more than 4 
wt%.

Since I verified the presence of two different 
clinopyroxenes in a given rock from Mt. Erebus, I decided to 

examine my microprobe data (Appendix E, Tables 4 and 5) to 
see if coexisting clinopyroxene compositions are also 
present in a given experiment as well. Examination of my 
probe data showed that there are two high calcium 
clinopyroxenes forming in some experiments. I decided to 

determine if the coexisting clinopyroxenes in the
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experiments grew simultaneously from the melt or one 
represents a remnant crystal from the starting material. If 
the compositions of the two clinopyroxenes are found to be 
different from each other as well as from clinoproxenes in 
the starting material, one must conclude that they did grow 
from the melt and neither represents a remnant crystal.

Data are given in Tables 2 and 6 (Appendix C) and 4 
and 5 (Appendix E) show that the coexisting clinopyroxenes 
in the experiments are different from the starting materials 

indicating that the clinopyroxenes in the experiments did 
grow from the melt and do not represent remnant crystals. 
This is the first experimental study documenting that two 
clinopyroxenes can simultaneously crystallize from melts and 
it confirms theoretical predictions of Sack and Ghiorso 
(1994, Part I). In addition, the presence of two different 

clinopyroxenes in the rocks and in the experiments imply 
that their compositions can not be described by the 
components of the pyroxene quadrilateral (En, Fs, Di, and 
Hd ) . New components based on crystal chemistry must be 
defined and Sack and Ghiorso (1994, Part I and III) have 
proposed some new components. I will use their components 
and in the Discussion section of this dissertation, a way to 
characterize these clinopyroxenes with additional components 
will be presented.
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Plaqioclase

Figure 18 a, b, c, and d represents the compositions 
of plagioclases from one atmosphere experiments for all rock 
types used in the experiments. Data for these figures are 
given in Tables 35, 36, 37, and 38, and the full data base 
is given in Appendix E, Tables 6 , 7, 8 , and 9.

As temperature decreases, compositions of experimental 
plagioclases shift from more calcium-rich to more sodium- 
rich types. In the basanite and the anorthoclase phonolite, 

plagioclase formed in only one or two experiments this 
limited sample does not provide enough data to document 
sodium-enrichment in plagioclases with decreasing 
temperature for those rock types. However, the number of 
experiments on the DVDP2 hawaiite and the 83415 Ne-hawaiite 
compositions in which plagioclase occurs is sufficient to 
define compositional trends with changing temperatures. For 

the DVDP2 hawaiite the first plagioclase composition 

produced at 1104 °C was Angg (labradorite) and that at 1049 
°C was An 4 Q (andesine). The 83415 Ne-hawaiite had 
plagioclase form from 1160° to 1049 °C. At 1160 °C the 
plagioclase composition was Ang 3 (labradorite) and An 4 8 

(andesine) at 1049 °C.
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Figure 18 a-d: Ternary feldspar diagram for the 
experimentally formed plagioclases from a) basanite, b) 
DVDP2 hawaiite, c) 83415 Ne-hawaiite, and d) anorthoclase 
phono 1 ite.
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Table 35: Repesentative analysis of plagioclase 
from the basanite (one atmosphere)

U1

Temp (oC) 1104

sio2 48.75
Tio2 0.74
A l2°3 29.70
Fe2 C>3 0 . 0 0
cr2°3 0 . 0 2
FeO 1.27
MnO 0.03
MgO 0.44
NiO 0.04
CoO 0 . 0 0
CaO 13.39

3.37
k 2 0 0.58
P205 0.16
SrO 0 . 0 0
BaO 0 . 0 0

TOTAL 98.45
An 66.34
Ab 30.69
Or 2.97
FeO* = total iron
An = anorthite, Ab
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Table 38: Representative analysis of anorthoclase 
from the anorthoclase phonolite (one atmosphere)
Temp (oC) 1049

Si02 58.80
Ti02 0.17
Al2°3 25.14
Fe2 0 3 0 . 0 0
Cr2§3 0 . 0 0
FeO 0.54
MnO 0.04
MgO 0.09
NiO 0 . 0 2
CoO 0 . 0 0
CaO 6.72
Na20 6.56
k 2o 1.26
p2°5 0.03
SrO 0 . 0 0
BaO 0 . 0 0

TOTAL 99.36
An 33.33
Ab 59.38
Or 7.29
l-lFeO = total iron
An = anorthite, Ab = albite, Or = orthoclase



Calcium-Sodium Exchange Between Melt and Plagioclase

There is no equation describing the distribution 
coefficient, Kq , for plagioclase-melt equilibrium that is 
generally accepted. In developing a Kp equation for 
plagioclase, one must account for the coupled substitution 
between (CaSi) and (NaAl), which is required to maintain the 
charge balance. Any thermodynamic model for plagioclase- 
melt pairs must account for Ca and Na components (Brown and 
Parsons, 1981; Ghiorso, 1984; Price, 1985; Green and 
Udansky, 1986; Fuhrman and Lindsley, 1988; and Elkins and 
Grove, 1990) as well as the Si and A1 in the tetrahedral 
site.

The Kq model I chose was proposed by Grove et al., 
1992. Their model deals with the coupled substitutions of 
NaAl and CaSi. The components they chose to represent the 
plagioclase compositions are mole fraction of NaAlSigOg and 
CaAl2 Si2 0 g. Choosing the components for the melt is a more 

complicated problem. Grove et at., 1992 used Bottinga and 
Weill's (1972) liquid components and assumed that these 

components are best to deal with the coupled substitution 
problem. They recast liquid compositions in mole fractions 

of Si02 , KA102 , NaA102 , CaAl2 04 , CaO, MgO, FeO, Ti02 , and 
PO 2 .5 . The following equations represent the mineral 
reaction with the melt.
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N a A l S i  3 0 8 X + C a A l 2 0 4 L = C a A l 2 S i 2 0 8 X + S i 0 2 L + N a A 1 0 2 L

KD = LXAnlLXSi022LXN§A102l 
[XAb][XCaA1204]

The K d s of plagioclase obtained from this study are 
presented in Table 39. The lack of a consistent pattern 
reflects the difficulty in plagioclase-melt equilibrium.

DATA INTERPRETATION

The main purpose of this study was to evaluate what 
role low pressure crystal fractionation played in producing 
the observed compositional diversity in the alkaline rocks 
of Mt. Erebus, Antarctica. The objectives in the study were 
to: 1 ) conduct one atmosphere experiments and generate an
experimental data base; 2 ) determine the sequence of 
crystallization and the composition of the mineral and melt 
phases that formed; 3) determine if at one atmosphere 

pressure it is possible to generate hawaiite and phonolite 
magmas from a parental basanitic melt; and 4) test if the 

rock compositions from Mt. Erebus reflect a low pressure 
crystal fractionation system.
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Table 39: KD values for plagioclase-melt pairs from the one 
atmosphere experiments with 83415 Ne-hawaiite and the 
anorthoclase phonolite

Temp
(°C) k d

Ne-hawaiite 1160 2.28
83415 1138 3.02

1104 2.33
1089 2 .46
1049 3.69

Phonolite 1049 4.13
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Mineral Data

Olivine

When examining Figure 16 a-c it is observed that the 
range of compositions for olivine from the one atmosphere 
experiments for the basanite and the 83415 Ne-hawaiite 
primarily overlap with the compositions obtained from the 
olivines in the corresponding rock types (see Figure 9 a-d). 
This implies that the temperature range in my experiments 
were similar to the temperatures at which the natural 

olivines formed. From the experimental data one can also 
observe that as expected, with decreasing temperature the 
Fe+^/(Mg+Fe+2) ratio increases.

The DVDP2 hawaiite rock sample only provided one 
composition and only two compositions were obtained from the 

experiments, thus there is not enough data to accurately 
compare the olivine compositions from the rock and 
experimental charges. Finally, the anorthoclase phonolite 
experiments did not produce any olivine, thus indicating 
that experiments were not performed at low enough 
temperatures. The olivine in the anorthoclase phonolite 
must have formed below 1049 °C.
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Clinoovroxenes

Clinopyroxene formed only in the basanite and DVDP2 
hawaiite one atmosphere experiments. The compositional 
ranges of clinopyroxenes of the rocks and those of the 

experiments were similar to temperatures at which the 

clinopyroxenes in the rocks formed. In the experimental 
charges there is a general increase in the Fe+ 2 /(Mg+Fe+2) 
ratio as the temperature decreases. Again, as in the case 
of the olivines, this is the expected result. The 
clinopyroxenes from the DVDP2 hawaiite rock display weak 
reverse zonation indicating that more than just crystal 

fractionation probably effected that magma. Possibly minor 
amounts of magma mixing and/or assimilation effected this 
magmas' ascent to the surface. The clinopyroxenes in the 
experimental charges displayed no signs of zonation either 
normal or reverse.

For the 83415 Ne-hawaiite and the anorthoclase 

phonolite experiments no clinopyroxenes crystallized from 
the melts. This indicates that the clinopyroxenes in these 
two rock types crystallized from their respective magmas 
below 1049 °C.
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Plagioclase

Plagioclase from the basanite and 83415 Ne-hawaiite 
rocks and the experimental charges cover the same 
compositional range. The DVDP2 hawaiite plagioclase 
compositions from the experiments display a smaller 
compositional range than observed in the rock. Finally, the 
anorthoclase phonolite compositions from the experiments are 
more calcium-rich than the plagioclases present in the rock. 
All but the anorthoclase phonolite experiments display a 
sodium enrichment trend as the temperature decreases. There 
was not enough data available from the anorthoclase 
phonolite one atmosphere experiments to determine if there 

was a sodium enrichment trend with decreasing temperature.

It is observed that as composition changes from the 
basanite to DVDP2 and 83415 hawaiites to the anorthoclase 
phonolite there is a gradual decrease in the calcium content 
of plagioclase. The phenocrysts present in the 83415 Ne- 
hawaiite display both normal and reverse zonation, thus 

indicating that crystal fractionation was not the only 
magmatic process involved in the formation of this rock.

In general all of the experimental mineral data for 
olivine, clinopyroxene, and plagioclase displays enrichment 
trends in Fe+^ and/or Na. These trends are expected, based 
on extensive experimental work on anhydrous one atmosphere 

mineral-melt systems (Camur, 1989; Gee and Sack, 1988;
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Kennedy et al., 1990; Mayhood and Baker, 1986; Sack et al., 
1987; Thy, 1991).

Aluminum-titanium-ferric iron rich clinopyroxenes

As stated in the Data Presentation section most of the 
clinopyroxene compositions plot in the pyroxinoid field 
unless the Ca-Tschermak correction is applied. Although 
this molecule does allow for adjustments in the calcium and 

aluminum components it does not deal with how titanium and 
ferric iron affect the clinopyroxenes. When pyroxene 
compositions are plotted onto the quadrilateral, presence of 
titanium (Ti+4) , ferric (Fe+3) iron, and aluminum (Al+3) are 
ignored. In order to develop a model which will account for 
these ions in pyroxenes, the thermodynamics of the pyroxene 
system must be reevaluated.

Sack and Ghiorso (1994, Part III) believe that 

pyroxenes are probably the most chemically diverse igneous 
rock forming mineral except for maybe spinels. These "non 
traditional" or non quadrilateral compositions probably play 
a more significant role in petrologic interpretations of 
igneous systems than previously believed (Sack and Ghiorso, 
1994, Part III). Sack and Ghiorso (1994, Part I) envision 
pyroxenes to have the general structure of:

M 2 M 1 T 2 O 5
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M 2 = Ca+ 2 , Fe+2 ; Mg+2, Na+ 1  where Xca» X N a  

Mi = Mg+2 , Fe+ 2 , Ti+ 4 , Fe+ 3 , Al + 3  

T = Si+4 , Al+ 3 , Fe+ 3

The clinopyroxene subsystem CaAl2 Si0 2 +CaFeSi0 2  - 
CaMgSi2 0 g - Ca T i A ^ O g  (see Figure 19) can be used to better 
represent the clinopyroxenes in basic (silica 
undersaturated) igneous rocks. Al+ 3 , Ti+ 4 , Fe+3-rich 
clinopyroxenes are common in the silica undersaturated 
igneous rocks there is not enough silica available to fill 
the tetrahedral site. When other elements fill this site 
the charge balance must still be maintained, thus Al+ 3 ,
Ti+ 4 , and Fe+ 3  are present in the clinopyroxene structure to 
achieve this. Theoretical studies of Sack and Ghiorso 
(1994, Part I) predict that two clinopyroxenes must coexist 
with melt, reflecting low and high silica activities in the 
melt. These two pyroxenes plot on opposite sides of a 
"miscibility gap" shown by the tie lines in Figure 19 and 
20.

In this study the 1138 °C DVDP2 hawaiite experiment 
contained two coexisting clinopyroxenes (see Figure 20). 
Originally I interpreted this to be an error in data 
collection, or disequilibrium in my experiments. However, 
upon closer examination I determined that these two 
compositions are real and do not represent an analytical 

error or presence of remnant crystals. In addition, when I
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Figure 19: CaAl2Si02-CaMgSi206--CaTiAl206 from Sack and 
Ghiorso (1994, Part I, Figure 1). Open squares = Yagi an 
Onuma (1967), filled squares and open circles = Yang (1975), 
and filled circles Allende = Yagi and Onuma (1967) and Yang 
(1975). Shaded half of diagram represents space where there 
is greater than 50% titanium in the Ml site.
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Figure 20: Modified CaAl2 Si0 2 +CaFeSi0 2 -Ca(Mg, Fe+ 2 )Si2 06- 
CaTiAl2 0g from Sack and Ghiorso (1994, Part I, Figure 1). 
Filled diamonds represent DVDP2 hawaiite clinopyroxene 
compositions which formed in the 113 8 °C experiment.
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closely examined the rock data I confirmed that two 
clinopyroxenes were also present in the rocks. Following 

the procedure of Sack and Ghiorso (1994, Part I) and 
personal communication with Sack (1995), I calculated the 
compositions of two coexisting high calcium clinopyroxenes 
in my experiments and plotted them on Figure 20. It should 
be noted that this is the first experimental data set that 
verifies Sack and Ghiorso's (1994, Part I) predictions of 
two high-calcium clinopyroxenes forming at a given pressure 
and temperature.

As more data are collected Sack and Ghiorso's (1994, 
Part I) subsystem will be even better understood which will 
ultimately produce more accurate geothermometers and 
barometers. Moreover, as the scientific community becomes 
more aware of this feature it will enable scientists to 
develop models which will be able to accurately predict 

liquid lines of descent for magmatic systems. Also it will 
enable scientists to determine partitioning of rare earth 
elements (REE) between liquid and clinopyroxenes during 
partial melting of mantle source regions (Gallahan and 

Nielsen, 1992; Nielsen et al., 1992; and Sack and Ghiorso, 
1994 Part I) . This last point, maybe the most important 
because alkaline rocks originate from the deepest part of 
the upper mantle relative to all other igneous rocks and if 
partitioning of REE can be understood during partial melting
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it will provide needed insight into how magmatic processes 
work.

Glass Data

Double Y Graphs

In the Data Presentation section plots of Melt percent 
(wt%) versus Temperature (°C) for basanite, DVDP2 and 83415 
hawaiites, and the anorthoclase phonolite were presented.
For all four compositions used in my experiments the melt 
percent decreased with temperature. The decrease in melt 
percent was caused by the crystallization of one or more 
mineral phases. Figures 13 a-c and 15, however, I did not 
indicate what mineral phase(s) were crystallizing from the 
melt or what the sequence of crystallization is for the 

basanite, hawaiites, or anorthoclase phonolite. Following 
is a discussion of the relationship between melt percent and 
percent of minerals crystallizing from the melt.

Figures 21 a-d are plots of Mineral phase(s) wt% and 
Melt percent (wt%) versus Temperature (°C). This type of 
diagram enables one to see how the wt% of melt is decreasing 
as mineral phases crystallize from the melt. One can also 
determine at what temperature each mineral phase formed and 
what the sequence of crystallization for each magma system
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(basanite, DVDP2 hawaiite, 83415 Ne-hawaiite; and 
anorthoclase phonolite) is. All of these figures were 
developed using data from Table 24.

Basanite

Figure 21a represents these changes in the one 
atmosphere basanitic magma. The liquidus temperature was 
not reached in these experiments. The highest temperature 
run was 1224 °C and at that temperature, the melt was in 
equilibrium with olivine. Clinopyroxene was the next phase 
to crystallize from the melt at 1138 °C, and at 1104 °C 
plagioclase began to crystallize. Thus the sequence of 
crystallization in the basanitic magma is olivine-> 
clinopyroxene->plagioclase.

The amount of olivine crystallizing from the melt 
displays minimal change from 1160° to 1120 °C. At 1138 °C 
clinopyroxene begins to crystallize, which has an effect on 

the crystallization of olivine. Plagioclase begins 
crystallizing from the magma at 1104 °C. By this 

temperature clinopyroxene is crystallizing the greatest 
quantities (24 wt%) followed by olivine (19-20 wt%) and 
finally plagioclase (14 wt%). This trend indicates that 
even though olivine is the liquidus phase, by the time the 
magma has cooled to 1104 °C over half of the melt has 
solidified and clinopyroxene has become the controlling
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Figure 21a: Mineral phases (wt%) and Melt (wt%) versus 
Temperature (°C) for basanite. Melt fraction = filled 
sqares, olivine = filled triangles, filled diamonds = 
clinopyroxene, and filled circle = plagioclase.
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mineral phase. Clinopyroxene crystallizing from the magma 
effects not only composition but also the amount of the 
other mineral phases crystallizing.

DVDP2 hawaiite

Figure 21b shows that in the DVDP2 hawaiite at 1104 °C 
plagioclase, olivine, and clinopyroxene begin to 
crystallizing from the melt. The weight percent of 
plagioclase crystallizing increases rapidly between 1104° 
and 1049 °C. Olivine shows an initial increase in 
crystallization from 1104° to 1089 °C but there is minimal 
change after that. Finally, clinopyroxene crystallizing 
between 1104° and 1089 °C displays minimal change but by 
1049 °C the amount of clinopyroxene crystallizing from the 
magma has more than doubled. The liquidus for this 

composition appears to be multiply saturated with 
plagioclase, olivine, and clinopyroxene. However, if one 
evaluates how the amount (wt%) of melt changes with respect 
to the minerals it is observed that from 1224° to 1138 °C 

there is minimal change, but from 1138° to 1104 °C there is 
a decrease in melt fraction. If no minerals are present 
until 1104 °C but the amount of melt fraction is decreasing 
at higher temperatures what are the implications of this 
feature? One explanation is that microlites of one or more 
mineral phase(s) are forming in the 1138° and 1120 °C
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Figure 21b: Mineral phases (wt%) and Melt (wt%) versus 
Temperature (°C) for DVDP2 hawaiite. Melt fraction = filled 
sqares, olivine = filled triangles, filled diamonds = 
clinopyroxene, and filled circle = plagioclase.
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experiments. I would interpret the sequence of 
crystallization in DVDP2 hawaiite as follows. Probably 
plagioclase is the liquidus phase. The next phase to form 
is most likely to be olivine followed by clinopyroxene 
(plagioclase->olivine->clinopyroxene).

83415 Ne-hawaiite

Plagioclase is the liquidus phase for 83415 Ne- 
hawaiite (Figure 21c). The sequence of crystallization is 
plagioclase->olivine which is the same for the DVDP2 
hawaiite. Contrary to the DVDP2 hawaiite crystallization, 
however, I did not see any clinopyroxene forming from 83415 
Ne-hawaiite. The trend of crystallization in hawaiites id 
different from that of the basanite.

Anorthoclase Phonolite

In Figure 2Id the only mineral phase present is 
plagioclase, at 1049 °C. No experiments were preformed 
below this temperature. Thus, the liquidus phase is 
plagioclase but the sequence of crystallization was not 
determined. By 1049 °C there is still over 90 wt% melt, but 
additional experiments would require that the duration of 
the experiments preformed below 1049 °C must be longer.
This is because 1) the kinetics of these high viscosity
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Figure 21c: Mineral phases (wt%) and Melt (wt%) versus 
Temperature (°C) for 83415 Ne-hawaiite. Melt fraction = 
filled squares, olivine = filled triangles, and filled 
circle = plagioclase.
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Figure 21d: Mineral phases (wt%) and Melt (wt%) versus 
Temperature (°C) for anorthoclase phonolite. Melt fraction 
= filled sqares, and filled circle = plagioclase.
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systems require such a long period of time, possibly up to 
one year (R. Sack, pers com), to reach equilibrium and 2) 
during that period of time excessive loss of volatiles such 

as Na 2 0  and ’P2°5> would occur making the experiments 
worthless. For these reasons, I did not experiment below 
1049 °C.

In summary, the liquidus phase for basanite is olivine 
and for the DVDP2 and 83415 hawaiites and anorthoclase 
phonolite it is plagioclase. This reflects the differences 
in the bulk compositions. The liquid line of decent for the 
basanite is olivine->clinopyroxene->plagioclase, for the 
DVDP2 hawaiite it is plagioclase->olivine->clinopyroxene, 
and for 83415 Ne-hawaiite it is plagioclase->olivine. For 
the DVDP2 hawaiite, 83415 Ne-hawaiite, and the anorthoclase 
phonolite the solidus was not reached. Thus only partial 
liquid lines of descent were determined for these 
compositions. Figures 21 a-d provide a detailed 

quantitative picture of crystallization in each magma. The 

next question is weather or not a hawaiite and phonolite 
melt can be generated from a basanitic parental melt. To 
try to answer that question a Temperature versus Mg# plot 
will be evaluated.
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Temperature versus Mcri

The third objective of this study is to determine if 
at one atmosphere pressure a hawaiitic and phonolitic melt 
can be generated from a basanitic melt by crystal 
fractionation. In the Data Presentation section Temperature 
versus Mg# plots were presented for the melts of the 
basanite, DVDP2 hawaiite, 83415 Ne-hawaiite, and 
anorthoclase phonolite (Figure 12 a-d). These figures 
provide insight as to how the Mg/(Mg+Fe+2) ratio decreases 
with temperature.

Figure 22 is a plot of Temperature versus Mg# which 
shows the differentiation of the basanitic, hawaiitic, and 

phonolitic melts. This figure was generated using data from 
Tables 25-28. What is observed is that the differentiation 
trend for the basanite crosses over the Mg#, 45, of the bulk 
composition for the hawaiites at 1104 °C. This data clearly 
show that a basanitic parental magma can differentiate at 
low pressures to produce a hawaiitic magma. The 
differentiation trend for the hawaiitic melts cross over the 

M9#/ 34/ the bulk composition for the phonolite at 1049 
°C which confirms that a hawaiitic magma itself can 
differentiate at low pressures to produce a phonolitic 

magma. The implications of these liquid lines of descent is 
that at one atmosphere pressure it is indeed possible to 
generate melts of hawaiitic and phonolitic compositions from 
a parental basanitic melt.
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Figure 22: Temperature (°C) versus Mg# for all four magma 
compositions. Basanite = open circles, DVDP2 hawaiite = 
open squares, 83415 Ne-hawaiite = open triangles, 
anorthoclase phonolite = open squares with plus signs.
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The final objective of this study is to determine if 
the alkaline rocks from Mt. Erebus were generated by low 
pressure crystal fractionation of the basanitic magma. One 
way to test this is to use a pseudo-liquidus diagram that 
has been developed by Sack et al. (1987) for alkaline rocks. 
If rock compositions from Mt. Erebus plot on or near the low 

pressure cotectic in Sack et al. (1987) olivine-high calcium 
pyroxene-nepheline diagram, then one can assume that they 
are low pressure differentiation products. Figure 23 is the 
pseudo-liquidus diagram of Sack et al. (1987) with basanite, 
hawaiite, benmoreite, mugearite, and phonolite bulk 

compositions, reported by Kyle (1977) and Moore (1986), of 
Mt. Erebus plotted on it. Error in the position of the one 

atmosphere cotectic is shown by two dashed lines running 
parallel to the cotectic. Figure 2 3 shows that the bulk 
compositions of the Mt. Erebus rocks display a general tend 
that is parallel to but just below the one atmosphere 

cotectic. This supports the conclusion that the Mt. Erebus 
rocks are the products of pressure differentiation of a 
basanitic parental magma. As discussed earlier pseudo- 
liquidus diagrams do not accurately portray how changing 
pressure conditions affects the position of the cotectics in 
these types of diagrams. Thus, one would want additional 
tests that the rocks of Mt. Erebus are indeed low pressure 

differentiation products of a parent magma.
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Figure 23: Figure 3: Pseudo-liquidus phase diagram from Sack 
et al. (1987, Figure 12) with basanite through phonolite 
compositions from the Mt. Erebus rocks. See text for 
discussion.
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One such additional test would be to compare liquid 
lines of descent (LLD) defined by the experimental melts 
with the bulk compositional trends of rocks represented by 
variation diagrams. Rock data from Mt. Erebus can be 
summarized in terms of major element variation diagrams 
where Ti 0 2 , A1 2 03 , FeO, MgO, CaO, Na 2 0, K 2 0, and P 2 O 5 are 
plotted against Si02 . Such plots result in curvilineon data 
arrays which suggest that the basanites, hawaiites 
mugerites, benmories, and phonolites are genetically 
related. Although such rocks series are likely the result 
of crystal fractionation, variation diagrams alone are not 
sufficient to judge if crystal fractionation took place at 
high or low pressures. Previous workers including Goldich 
(1975), Kyle and Moore (1990), Kyle et al. (1992), and Moore 
(1986) concluded that they formed by crystal fractionation 
at high pressures. One way to evaluate if the Mt. Erebus 
rocks are high pressure or low pressure crystal 

fractionation products is to superimpose the one atmosphere 
melt compositions from the present experiments onto Figure 1 
a-h (Appendix A ) . If the data arrays from the XRF data of 
Moore (1986) and Kyle (1977) and the LLD defined by my glass 
compositions overlap then it is more likely that the rocks 
formed from low pressure fractionation of the basanitic 
magma. On the other hand, if the LLD trend is very 
different than the major element data array, the process is 
not low pressure crystal fractionation and may be the result
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of high pressure crystallization (Gaetani and DeLong, 1995). 
In Figure 24 a-h Ti0 2 , A 1 2 C>3 , FeO, MgO, CaO, Na 2 0, K 2 0, and 
P 2 0 5  have been plotted against Si02 . The open squares are 

the XRF data from Moore (1986) and Kyle (1977). The one 
atmosphere melt data from present experiments were corrected 
for Na20 and/or FeO loss where applicable (see Table 24). 
What is observed in all these diagrams is that the LLD 
vector and major element data arrays overlap each other 
supporting the interpretation that the rocks of Mt. Erebus 
are the products of low pressure rather than high pressure 
crystal fractionation of a basanitic magma

CONCLUSIONS

Major conclusions reached in this study can be 
summarized as follows:

1) At one atmosphere pressure it is possible for a 

basanite magma to differentiate to hawaiite and phonolite 
compositions.

2) Present experiments confirm that Mt. Erebus 
anorthoclase phonolite and hawaiite are the low pressure 
crystal fractionation products of a parental basanitic 
magma.

3) Presence of two high-calcium clinopyroxenes at a 
given temperature in the experiments is the first
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Figure 24 a-h: Chemical variation diagrams. Open squares = 
Kyle (1977) and Moore (1986) XRF data. Filled triangles = 
basanite magma, filled circles = DVDP2 and 83415 hawaiite 
magmas, and the filled circles = anorthoclase phonolite 
magma.
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confirmation of the theoretically determined miscibility gap 
in clinopyroxenes as first suggested by Sack and Ghiorso 
(1994, Part I). Stability of two calcium-rich 
clinopyroxenes are further evidence that older 
representation of pyroxene compositions using the pyroxene 
quadrilateral is not sufficient. Both new pyroxene 

compositions must be defined and new graphical tools must be 
developed to accurately represent pyroxene compositions in 
natural and experimental systems.

4) Stability of two high-calcium clinopyroxenes at a 
given temperature casts considerable doubt on the validity 
of many crystal fractionation models where only one 
clinopyroxene composition is modelled.
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Using variation diagrams Kyle et al. (1992) concluded 
that the Ne-hawaiite and anorthoclase phonolite are 
derivative magmas of the Mt. Erebus basanite magma. Figure 
1 a-h, are harker diagrams I generated using data from Moore 
(1986) and Kyle (1976). Ti0 2 , FeO, MgO, CaO, and P 2 O 5 show a 
general decrease as the SiC>2 content increases, whereas the 
Na 2 0  and K 2 O content increase as the Si02 content increases. 
In all diagrams open squares = basanite, open triangles = 
Ne-hawaiite, filled circles = Ne-mugearite, asterisks = Ne- 
benmorite, and open circles = anorthoclase phonolite. 

Although these diagrams suggest a genetic relationship 
amoung basanite, Ne-hawaiite, Ne-mugearite, Ne-benmoreite, 
and anorthoclase phonolite, they cannot be used to 
discriminate among single out crystal fractionation, 
assimilation, or magma mixing as the mechanism producing 
differentiation.
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Figure 1 a-h: Major element compositions of natural alkaline 
basalts from Ross Island and Tent Island. Data from Moore 
(1986) and Kyle (1976). In all diagrams the open 
squares=basanite, open triangles=Ne-hawaiite, filed 
circles=Ne-mugearite, astersks=Ne-benmoreite, and open 
circles=anorthoclase phonolite.
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Microprobe Thin Section Preparation
AB epoxy was poured into 5 dram medicine vials and 

cured for 48 hours. The epoxy plugs were approximatley 
2.2cm in diameter. The plugs were cut to a approximatley 
thickness of 1.27 cm. Six holes, 0.4 cm in diameter, were 
drilled in each section. A notch was made on the outer edge 
along one side as a reference point. Each disk was faced on 
an LP 30 Lappong machine and taped faced side down onto an 
index card. A drop of AB epoxy was placed in each hole and 
a small amount of each charge was pushed down into the 
epoxy. The holes were then completely filled with epoxy.
The disks cured at room temperature for 24 to 48 hours.
They were cut, ground, and faced with the LP 3 0 Lappong 
machine to thin sections approximately 35 microns thick.
The sections were then hand polished using 1.0 and 0.05 
micron alpha alumina. All sections were carbon coated at 
Purdue University.
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Table 1: Olivine composition from the basanite
Hole# 1 1 1 1 1 1
An# 1 2 3 4 5 1 1

r r i/c i/c i/r r
Si0 2 38.77 38.95 38.11 38.16 38.46 38.93
Tio 2 0 . 0 1 0 . 0 0 0.04 0. 03 0 . 0 0 0 . 0 2
A1 2 0 3 0.06 0 . 1 2 0 . 1 0 0. 07 0. 09 0 . 1 0
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2$3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 16.13 16.04 18.87 18. 61 17.71 15.75
MnO 0 . 2 1 0.26 0.27 0.25 0 . 2 1 0.28
MgO 42.66 42.39 40.46 40. 36 41.45 43.47
NiO 0 . 1 2 0.08 0.14 0.14 0. 05 0.19
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.28 0.29 0 . 2 0 0.23 0. 23 0.33
Na20 0 . 06 0 . 0 2 0 . 0 0 0 . 0 0 0 . 0 2 0 . 0 2
K 20 0 . 0 0 0 . 0 0 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 0
p 2°5 0. 03 0 . 0 0 0 . 0 1 0 . 0 2 0. 04 0 . 0 0
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.32 98.16 98.21 97.87 98.26 99.08

Fo 82.41 82.32 79.40 79.29 80.80 82.91
Fa 17.59 17.68 2 0 . 60 20.70 19.19 17.09

Hole# 1 1 1 1 1 1
An# 14 15 16 17 18 19

c i/r r r r r/c
Si0 2 38.31 39.11 38.42 38 .83 37 .97 38.75
Ti0 2 0 . 0 2 0 . 0 1 0 . 0 0 0.09 0 . 1 2 0 . 1 2
ai 2 o 3 0.06 0.05 0.05 0.08 0.05 0.06
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2Q3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 18.75 15. 69 19.23 15.91 19.20 17.98
MnO 0.23 0 . 2 0 0. 35 0.18 0.32 0.23
MgO 40.95 43.12 40.04 42.95 40. 08 41.11
NiO 0 . 0 2 0.14 0.16 0.18 0.16 0 . 1 1
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0. 25 0. 32 0.30 0.28 0.36 0.23
Na20 0 . 0 2 0.04 0 . 0 2 0 . 0 0 0 . 0 2 0 . 0 2
K 20 0 . 0 1 0 . 0 1 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 1
p2°5 0.03 0 . 0 1 0 . 0 1 0. 03 0 . 0 0 0 . 0 1
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98. 64 98.70 98.58 98.53 98.28 98.62
Fo 79.50 82.83 78.79 82.83 78.79 80.20
Fa 20.50 17.17 2 1 . 2 1 17 .17 2 1 . 2 1 19.80
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Hole# 1 1 1 2 2 2
An# 2 2 23 24 1 6 8

c C C c c c
Si0 2 39.48 38.51 39.42 39.53 38.51 39.76
Ti0 2 0.09 0 . 0 0 0.06 0 . 0 0 0.03 0.09
A1 2 0 3 0.09 0 . 06 0.05 0.07 0. 09 0.05
Fe 2 0 3 0 . 0 0 0. 00 0. 0 0 0 . 0 0 0 . 0 0 0. 0 0
Cr2§3 0. 0 0 0. 0 0 0. 0 0 0. 0 0 0. 0 0 0 . 0 0
FeO 14.80 19.04 13 . 09 11.75 15.75 1 1 . 8 8
MnO 0 . 2 2 0.31 0.18 0.17 0.29 0 . 2 2
MgO 43.97 40.24 45.22 45.84 42 .78 46.38
NiO 0.23 0.29 0.29 0.35 0.16 0.23
CoO 0 . 0 0 0. 0 0 0. 0 0 0. 0 0 0. 0 0 0. 0 0
CaO 0.29 0.31 0.25 0.25 0.37 0.25
Na20 0 . 0 0 0.07 0 . 0 2 0 . 0 2 0. 04 0.07
k 2o 0 . 0 1 0 . 0 0 0 . 0 2 0 . 0 0 0 . 0 0 0 . 0 2
P 2 O 5 0. 0 1 0. 0 0 0. 09 0. 04 0 . 0 1 0 . 0 2
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0. 0 0 0. 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0. 0 0 0. 0 0 0 . 0 0

TOTAL 99.19 98.84 98.68 98.03 98.03 98.95

Fo 84.26 79.19 85.86 87.37 82.41 87.37
Fa 15.74 20.81 14.14 12 . 63 17.59 12.63

Hole# 2 2 2 2 3 3
An# 9 1 0 1 1 18 8 1 2

i/r i/c i/r i/c i/r c
Si02 39.20 39.42 39.21 38.73 39.40 38. 60
Ti0 2 0. 04 0 . 0 0 0. 03 0 . 06 0 . 0 0 0 . 0 0
A1 2 0 3 0 . 08 0 . 06 0. 03 0. 07 0 . 06 0.08
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr223 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 14.62 11.63 15.63 17.27 14.85 16.20
MnO 0 . 2 0 0 . 08 0.19 0.26 0 . 2 1 0.23
MgO 44.52 46.52 43.37 41.96 43 . 91 42.82
NiO 0.13 0.28 0.16 0 . 1 1 0.24 0 . 2 2
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.30 0.23 0.18 0.30 0.28 0.32
Na20 0.03 0 . 0 2 0.03 0.07 0.09 0.03
k 2o 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0.03 0.07
P 2 O 5 0 . 08 0.07 0.07 0 . 06 0. 04 0.03
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.19 98.30 98.90 98.87 99.09 98.59

Fo 84.42 87.94 83.33 81.31 83 .84 82.41
Fa 15.58 12.06 16.67 18.69 16.16 17.59
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Hole# 3 3 3 3 3 3
An# 14 15 16 17 18 2 1

i/c i/r c r r i/c
Si0 2 38.29 38.45 39.74 39.71 39.59 38.23
Ti0 2 0.05 0 . 0 0 0.04 0 . 0 0 0 . 0 2 0 . 0 0
a i 2 o 3 0.09 0 . 08 0.08 0.07 0.08 0 . 0 2
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2$3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0_ “ yeFeO 18.11 18.08 12.77 11.93 12.18 21.06
MnO 0.30 0.19 0.18 0.19 0.18 0.43
MgO 41.06 41.74 45.37 46. 61 46. 08 39. 09
NiO 0 . 2 2 0 . 1 0 0.30 0.31 0.19 0 . 1 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.18 0.19 0.29 0.24 0.31 0.37
Na20 0.08 0 . 0 2 0.05 0 . 1 1 0. 07 0. 05
K 20 0 . 0 0 0 . 0 0 0 . 0 0 0. 03 0.04 0.03
P 2 O 5 0 . 1 1 0 . 0 2 0 . 0 1 0. 04 0 . 06 0 . 0 0
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.49 98.88 98.81 99.25 98.79 99.37

Fo 80.3 80.5 86.29 87.44 86.93 76.77
Fa 19.7 19.5 13.71 12 . 56 13 . 07 23.23

Hole# 3 5 5 5 5 5
An# 2 2 1 2 3 4 5

c c r r r i/r
sio2 39.30 38.13 39.34 39. 61 38.68 37.44
Ti02 0.04 0.09 0 . 0 0 0 . 0 0 0.06 0.04
a i 2 o 3 0.06 0. 07 0 . 1 0 0. 04 0 . 06 0.07
F©2°3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2§3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0_ ~ yeFeO 14.01 18.66 13 .10 12.37 15.16 22.49
MnO 0 . 2 0 0.27 0 . 2 1 0.17 0.30 0.39
MgO 44.51 40.38 45.13 46.23 43.53 37.47
NiO 0.14 0.29 0.28 0.31 0.23 0.16
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.30 0.26 0.25 0 . 2 1 0.30 0.33
N a 20 0.06 0.09 0.05 0 . 0 2 0.04 0 . 0 1
K 20 0 . 0 1 0. 03 0 . 0 0 0 . 0 1 0 . 0 1 0 . 0 0
P2°5 0 . 0 0 0. 03 0 . 06 0. 04 0 . 0 2 0 . 0 1
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.64 98.29 98.51 99. 01 98.38 98.39

Fo 84.92 79.29 85.86 86.93 83.42 74.75
Fa 15. 08 20.71 14.14 13.07 16.58 25.25
FeO = total iron, Fo = forsterite, Fa = fayalite 
c = core analysis, i/c = intermediate/core analysis, 
i/r = intermediate/rim analysis, r = rim analysis
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Table 2: Clinopyroxene composition from the basanite

Hole# 1 1 2 2 2 2
An# 25 26 3 4 13 15

c c c i/r c c
Si02 44.85 44.82 44.72 44 . 51 44.41 44.77
Tio2 4.13 4.15 3.22 3 .19 3 .16 2.93
ai 2 o 3 7.54 7.02 8.74 9.05 8.97 8.63
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr293 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 6 . 62 6.49 5. 34 5.42 8.49 7.98
MnO 0.05 0.15 0. 09 0 . 0 1 0.16 0 . 2 1
MgO 12.43 12.59 12.80 12.49 10.77 11.08
NiO 0 . 0 1 0. 03 0. 09 0 . 06 0.05 0.06
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 22.51 22.48 22.55 22.56 21. 54 21.54
Na20 0.41 0.41 0. 59 0.54 0.97 0.94
k 2o 0 . 0 2 0 . 0 2 0 . 0 2 0 . 0 1 0 . 0 1 0 . 0 1
P2°5 0 . 06 0 . 06 0 . 0 2 0 . 0 1 0. 03 0 . 06
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.63 98.22 98.17 97.86 98.55 98.20

En 38.25 38.92 39.78 39.44 34 . 6 6 35.59
Fs 11.48 11.35 9.39 9.44 15.34 14.69
Wo 50.27 49.73 50.83 51.11 50. 00 49.72

En+ 41.67 42 .11 43.37 43 . 03 37.89 38.65
Fs+ 12.50 12.28 10.24 10.30 16.77 15.95
Wo+ 45.83 45.61 46. 39 46.67 45.34 45.40

Hole# 2 3 3 3 3 3
An# 16 1 2 5 1 0 1 1

c c r c c C
Si02 44.61 44.77 40.12 44.79 39.48 42.92
Tio 2 2.87 3.25 6 . 37 3.78 5.87 4.19
a i 2o 8.82 9.56 11.53 7.23 1 2 . 1 2 10.31
Fe20 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2o 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 8.28 6.42 6.77 6.25 7.02 6.24
MnO 0.15 0. 04 0 . 0 0 0 . 1 2 0 . 0 2 0.05
MgO 1 0 . 8 6 11.51 10.48 12 . 59 10. 30 11.95
NiO 0 . 0 0 0 . 0 2 0.03 0 . 0 0 0 . 0 1 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 21.67 21.97 22 . 90 22 . 69 22 . 64 21.93
Na20 1. 03 1 . 1 0 0.46 0.48 0.58 0.74
k 2o 0 . 0 1 0 . 0 0 0 . 0 0 0.06 0 . 0 2 0.04
P2°5 0 . 0 2 0 . 0 0 0 . 0 2 0. 03 0. 05 0 . 0 0
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.32 98.62 98.69 98.02 98.10 98.36
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En 34.83 37.36 34.09 38.92 33.52 38.42
Fs 15.17 11.49 12 . 50 10.81 13.07 11.30
Wo 50. 00 51.15 53.41 50.27 53.41 50.28

En+ 37.80 40.88 39.22 42.11 38.82 42.77
Fs+ 16.46 12.58 14.38 11. 07 15.13 12.58
Wo+ 45.73 46.54 46.41 46.20 46.05 44.65

Hole# 3 3 5 6
An# 19 20 6 2

C i/r i/c c
Si02 45.48 41.61 46.54 40.69
Ti02 3.08 4.97 2.86 6.13
A120 8.29 10.83 6.85 11. 05
Fe20 0. 00 0.00 0. 00 0.00
Cr2$ 0.00 0.00 0.00 0. 00
FeO 5.14 6.57 6.31 6.72
MnO 0.01 0.07 0.11 0.10
MgO 12.88 10.90 13.89 10. 55
NiO 0.05 0. 00 0.07 0. 02
CoO 0.00 0. 00 0. 00 0. 00
CaO 22.60 22 . 66 21. 50 22 . 84
Na20 0.57 0.49 0.49 0.48
k 2o 0.02 0. 03 0. 00 0. 00
P 2 O 5 0. 02 0. 04 0.10 0.03
SrO 0. 00 0.00 0. 00 0. 00
BaO 0.00 0.00 0.00 0.00

TOTAL 98.13 98.16 98.71 98. 61

En 40.33 35. 23 42 .16 34.09
Fs 19.34 11.93 10.81 12.50
Wo 50.83 52.84 53.41 47.03

En+ 43.71 39.74 45.09 38.96
Fs+ 9.58 13 .46 11.56 14.29
Wo+ 46.71 46.79 43.35 46.75

FeO* = total iron
c = core analysis, i/c = intermediate/core analysis 
i/r = intermediate/rim analysis, r = rim analysis 
En = enstitate, Fs = ferrosilite, Wo = wollastonite 
En+, Fs+, Wo+ = Ca Tschermak (CaAl2SiOg) corrected
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Table 3: Plagioclase compositions from the basanite
Hole# 1 1 2 2 2 3
An# 27 29 7 15 20 3

Si02 50.35 49.60 49.18 50.23 50.29 50.71
Ti02 0.11 0.30 0.26 0.22 0.19 0.29
a i 2o 3 30.92 31.60 31. 54 30.78 30.69 30.61
Fe203 0. 00 0.00 0. 00 0.00 0.00 0.00
Cr203 0.00 0. 00 0.00 0.00 0. 00 0.00
FeO 0.33 0.47 0.53 0.39 0.48 0.44
MnO 0. 00 0. 02 0. 00 0. 00 0.00 0. 04
MgO 0. 04 0. 03 0. 02 0.04 0.05 0. 03
NiO 0. 00 0. 00 0. 05 0. 02 0. 00 0.00
CoO 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
CaO 13 .11 14.16 14.42 13 .15 12 . 84 13 . 02
Na20 3.79 3 . 34 2.97 3.80 4 . 03 3.85
K 20 0.27 0.18 0.16 0.20 0.31 0. 27
p 2°5 0. 06 0. 06 0. 04 0. 02 0. 03 0. 08
sro 0.00 0. 00 0. 00 0. 00 0. 00 0. 00
BaO 0. 00 0.00 0. 00 0.00 0. 00 0.00

TOTAL 98.97 99.75 99.15 98.82 98.91 99.35

An 64 .36 69.31 71.72 65. 00 62 . 38 64 . 00
Ab 33 . 66 29.70 27.27 34.00 35. 64 34 . 00
Or 1.98 0.99 1.01 1.00 1.98 2 . 00
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Hole# 3
An# 13
Si02 50.58
Ti02 0.17
a i 2o 3 30.52
Fe203 0. 00
Cr2§3 0.00
FeO 0.59
MnO 0.01
MgO 0. 05
NiO 0.00
CoO 0.00
CaO 12 .98
Na20 3.88
k 2o 0.26
P 2 O 5 0. 07
SrO 0. 00
BaO 0. 00
TOTAL 99.09
An 63.37
Ab 34.65
Or 1.98

3 5
23 4

56.62 50.68
0.17 0.19

27 .19 30.90
0. 00 0.00
0.00 0.00
0.27 0.38
0. 00 0. 00
0. 02 0. 05
0. 05 0.01
0.00 0. 00
7.95 13.07
6.76 3.99
0.57 0. 32
0.01 0.05
0. 00 0. 00
0. 00 0. 00

99.61 99. 63
38.00 63 . 37
59.00 34 . 65
3 . 00 1.98

5 6
9 3

51. 28 50.91
0.13 0.27

30.56 30.70
0.00 0. 00
0. 00 0. 00
0. 38 0.30
0.04 0. 01
0. 04 0.00
0. 00 0.00
0. 00 0. 00

12.63 13.09
4 . 06 3 .78
0.28 0.20
0. 04 0. 06
0.00 0. 00
0. 00 0. 00

99.41 99. 31
62.00 64 . 65
36. 00 34.34
2 . 00 1. 01

Or = orthoclase
FeO* = total iron
An = anorthite, Ab = albite,
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Table 4: Apatite compositions of the basanite
Hole# 2
An# 1 2

Si0 2 0.34
Ti0 2 0.06
AI 2 O 3 0.03
Fe 2 0 3 0 . 0 0
Cr2§3 0 . 0 0
FeO 0.26
MnO 0.04
MgO 0. 32
NiO 0 . 0 0
CoO 0 . 0 0
CaO 54. 37
Na20 0 . 0 0
k 2o 0 . 0 1
P 2 O 5 40.97
SrO 0 . 0 0
BaO 0 . 0 0
TOTAL 96. 38
FeO = total iron
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Table 5: Olivine compositions from
the DVDP2 hawaiite
Hole# 4 4
An# 13 14

Si02 39.67 39.41
Ti02 0.00 0.00
A I 2 O 3 0.04 0.06
Fe 2 0 3 0. 00 0. 00
c^2§3 0.00 0. 00
FeO 13.47 13 .41
MnO 0.17 0.27
MgO 45. 00 44.89
NiO 0.31 0.22
CoO 0.00 0. 00
CaO 0.14 0.18
Na20 0.03 0.00
k 2o 0.01 0. 00
P 2 O 5 0.00 0.07
SrO 0. 00 0. 00
BaO 0. 00 0. 00
TOTAL 98.83 98.51
Fo 85.79 85. 86
Fa 14.21 14.14
FeO* = total iron
Fo = forsterite, Fa = fayalite

183

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Table 6: Clinopyroxene compositions
from the DVDP2 hawaiite
Hole# 3 3 3 3 4 4
An# 2 3 4 5 1 3

r i/r i/r r r C
Si02 44.48 44 . 55 44.19 42.76 44.31 44.17
Ti02 3.07 2.94 2.83 4.13 3.34 3.06
a i 2o 3 7.82 8.69 9.03 9. 03 8.54 9.32
Fe203 0.00 0.00 0.00 0. 00 0.00 0.00
Cr203 0. 00 0.00 0.00 0.00 0.00 0.00
FeO 8.15 10.26 9.81 8.33 7.24 8.44
MnO 0.28 0.22 0.33 0.21 0.11 0.24
MgO 11.40 9.38 9.29 10. 60 11.71 10.33
NiO 0.01 0.04 0.00 0.03 0.00 0.00
CoO 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
CaO 22.24 21.38 21.10 22.38 22.04 21.63
Na20 0.58 1. 05 1.16 0. 63 0.70 0.88
K 20 0. 01 0.01 0.00 0.00 0. 00 0.00
P2°5 0.09 0.03 0. 03 0. 07 0. 01 0.04
SrO 0. 00 0. 00 0. 00 0. 00 0.00 0.00
BaO 0. 00 0. 00 0. 00 0.00 0. 00 0. 00

TOTAL 98.13 98.54 97.76 98.17 98. 01 98.10

En 35.52 30.86 31.03 33 .70 37.22 33 .71
Fs 15. 30 18.86 18.39 14.92 12.73 15.43
Wo 49.18 50. 29 50.57 51. 38 50.00 50.86

En+ 38.46 33 . 54 33 .75 37.20 40.16 36.88
Fs+ 15. 38 20.50 20. 00 16.46 13.94 16.88
Wo+ 46.15 45.96 46.25 46. 34 45.45 46.25
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Hole# 4 4 4 4 4 4
An# 4 9 10 11 12 15

r i/c i/r r r gm
Si°2 43 .78 44.55 43.25 44.22 44.62 46.02
Ti02 3 . 32 2.48 3 . 03 3 .18 3.41 2.44
AI 2 O 3 9.28 8 . 55 10.10 8.08 7.63 6.59
Fe2 0 3 0. 00 0. 00 0. 00 0.00 0. 00 0.00
Cr223 0.00 0. 00 0. 00 0.00 0. 00 0.00
FeO 7.42 10.03 9.46 8.48 8.14 7.78
MnO 0.06 0.39 0.21 0.24 0.18 0.18
MgO 11.18 9.41 9.60 11.18 11.34 12.23
NiO 0.02 0.05 0.00 0. 08 0. 00 0.00
CoO 0.00 0.00 0.00 0.00 0.00 0.00
CaO 21.82 21.36 21.73 21.95 22.30 21.85
Na20 0.81 1.11 0.90 0.72 0. 66 0.63
K 20 0.00 0.01 0.00 0.01 0.00 0.00
p 2°5 0. 00 0. 03 0. 01 0.15 0. 00 0.06
SrO 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
BaO 0. 00 0. 00 0.00 0. 00 0. 00 0.00

TOTAL 97.71 97.96 98.29 98.29 98.28 97.80

En 35.96 30. 68 31.25 35.36 35.52 37.84
Fs 13 .48 18.75 17.61 14.92 14.21 13.51
Wo 50. 56 50. 57 51.14 49.72 50.27 48.65

En+ 39.51 33.13 34 .38 33 . 55 38.46 40.23
Fs+ 14.81 20. 25 19. 38 16.27 15. 38 14.37
Wo+ 45. 68 46. 63 46.25 45.18 46.15 45.40
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Hole# 4 4 4 5 5 5
An# 17 18 19 1 2 1 1

r c r r r r
Si0 2 47.53 45.47 48.24 47.50 44.98 39.39
Ti0 2 2.24 1.71 2.24 2.39 3.69 1.77
Al203 4.64 6.87 4.47 4.91 7.13 3.84
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr293 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 7.21 14 .34 7.15 7.44 7.40 5.70
MnO 0 . 2 1 0.49 0.19 0.17 0 . 2 1 0.14
MgO 12.98 6.51 13 .11 1 2 . 8 8 11.93 10.80
NiO 0.03 0 . 0 0 0.06 0. 05 0 . 08 0 . 0 1
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 22.44 20.35 22.39 22.34 2 2 . 2 0 28.19
Na20 0.52 1.85 0.55 0.56 0.59 0.40
k 2o 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 1 0 . 0 2 0 . 0 1
^205 0 . 06 0 . 0 2 0. 05 0 . 0 0 0.03 7.56
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 97.87 97.60 98.45 98.24 98.27 97.82

En 39.15 27 .91 39.36 38.83 37.16 31.63
Fs 12.17 22.09 12.23 12.77 13 .11 9.18
Wo 48.68 50.00 48.40 48.40 49.73 59.18

En+ 41.11 23.46 41.11 40.78 40.24 36.05
Fs+ 12.78 29.63 12.78 13.41 14.20 10.47
Wo+ 46.11 46.91 46.11 45.81 45.56 53.49
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Hole# 5 5 5 5 5 5
An# 1 2 14 15 16 17 18

i i i/r r gm gm
Si0 2 42.33 42.20 42.21 42.32 47.60 42.51
Ti0 2 3.87 3 . 51 3.50 3.77 2.53 4.27
a i 2 o 3 1 1 . 2 2 11.24 11.53 1 1 . 61 4.89 8.89
Fe 2 C>3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr293 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 8.33 9.13 8.32 8.16 7.27 8.39
MnO 0.16 0 . 2 2 0 . 2 0 0.16 0 . 2 1 0.26
MgO 9.90 9.41 9.70 1 0 . 1 0 12.94 10. 65
NiO 0 . 1 0 0 . 06 0 . 0 0 0.05 0 . 0 0 0 . 0 2
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 21.82 21.48 21.63 22.18 22 .30 22.09
Na20 0.87 0. 98 0 . 8 8 0 . 8 8 0.54 0 . 6 6
k 2o 0 . 0 1 0 . 0 0 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1
P 2 O 5 0 . 0 2 0. 03 0 . 0 1 0 . 0 1 0 . 1 0 0.08
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.62 98.25 98.00 99.27 98.40 97.83

En 37.76 31.40 32.56 32.95 39.04 34.25
Fs 15.52 16. 8 6 15.70 15. 03 12.30 14.92
Wo 51.72 51.74 51.74 52 . 02 48.66 50.83

En+ 36.77 35. 06 36. 6 6 37.01 41.01 37.80
Fs+ 17 .42 18. 83 17.53 16.88 12.92 16.46
Wo+ 45.81 46.10 46.10 46.10 46. 07 45.73

187

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Hole# 6 6 6 6 6 6
An# 5 6 8 9 10 14

i/r c r i c r
SiC>2 44.37 41.20 43.38 47.01 44.79 46.46
Ti02 3.03 5.12 3.72 1.99 2.74 2.92
a i 2o 3 7.55 10.00 8.25 7.27 9. 06 5.36
Fe203 0.00 0.00 0. 00 0. 00 0. 00 0.00
Cr2§3 0.00 0. 00 0. 00 0.00 0.00 0.00
FeO 7.92 8.27 8.43 5.68 5. 98 7.75
MnO 0. 23 0.22 0.24 0. 08 0. 08 0.34
MgO 11.41 10.26 11.02 13 . 37 12.36 12.54
NiO 0. 02 0. 03 0. 00 0.08 0. 03 0.12
CoO 0.00 0. 00 0. 00 0. 00 0.00 0.00
CaO 22.17 22 . 09 22.40 21.95 21.99 22.44
Na20 0.69 0. 66 0. 68 0.57 0.67 0.51
K 20 0.01 0.00 0.01 0. 01 0. 00 0.00
P 2 O 5 0. 04 0.06 0. 05 0.04 0.00 0.06
SrO 0. 00 0.00 0. 00 0.00 0.00 0.00
BaO 0.00 0.00 0. 00 0. 00 0.00 0.00

TOTAL 97 .89 101.45 98.19 98 . 05 97 .70 98.50

En 35.87 33 .15 34.43 41.21 39.11 37.77
Fs 14.13 15.17 14.75 9.89 10. 61 13.30
Wo 50. 00 51. 69 50.82 48.90 50.28 51.06

En+ 38.82 37.34 37.72 43.86 42.42 40.11
Fs+ 15.29 17.09 16.17 10. 53 11. 52 14.12
Wo+ 45.88 45.57 46.11 45.61 46. 06 45.76
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Hole# 7 7
An# 6 7a

r i/c
SiC>2 43.39 43.32
Ti0 2 3.80 3.24
A I 2 O 3 9.77 9.88
Fe 2 0 3 0 . 0 0 0 . 0 0
Cr2$3 0 . 0 0 0 . 0 0
FeO 7.25 7.29
MnO 0 . 08 0.16
MgO 1 1 . 1 2 11.23
NiO 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0
CaO 21.57 21. 91
Na20 0.74 0.83
k 2o 0 . 0 0 0 . 0 0
P 2 O 5 0 . 0 1 0.06
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 97.72 97.91
En 36.36 36.16
Fs 13.07 12.99
Wo 50.57 50.85
En+ 40.00 40.00
Fs+ 14.38 14 . 38
Wo+ 45.63 45. 63

4>FeO = total iron
c = core analysis, i/c = intermediate/core analysis 
i/r = interdediate/rim analysis, r = rim analysis, gm = 
ground mass
En = enstatite, Fs = ferrosilite, Wo = wollastonite 
En+, Fs+, Wo+ = Ca Tschermak (CaAl2 SiOg) corrected
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Table 7: Kaersutite compositions from
the DVDP2 hawaiite
Hole# 1
An# 1

Si02 37.63 
Ti0 2 5.63 
A1 2 0 3 14.36
Fe2 0 3 0.00
Cr 2 Q 3 0.00 
FeO 13.10 
MnO 0.25
MgO 10.05 
NiO 0.00
CoO 0.00
CaO 11.58 
Na20 2.58 
K 20 1.28
P 2 O 5 0.06 
SrO 0.00
BaO 0.00
TOTAL 96.51

1 5
2 6 

r
37.64 37.82
5.94 6.19

14.40 14.05
0.00 0.00 
0.00 0.00 

13.20 10.94
0.17 0.17

10.14 11.57
0.00 0.01 
0.00 0.00 

11.70 11.98
2.52 2.47
1.26 1.25
0.06 0.06 
0.00 0.00 
0.00 0.00

97.03 96.51

5 5
7 8

r/i c
37.73 37.51
5.96 5.93

14.51 14.41
0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0

12 . 54 13.33
0.17 0.17

1 0 . 6 6 9.99
0 . 0 1 0 . 0 0
0 . 0 0 0 . 0 0

1 1 . 6 6 11.50
2.56 2.48
1 . 2 0 1 . 2 2
0 . 1 2 0. 03
0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0

97.13 96.57

5 5
9 1 0

r/i r
36.89 38.13
5. 62 5.83

14 .95 14 .08
0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0

12.71 10.99
0 . 18 0.15

10. 27 1 1 . 6 6
0 . 0 1 0 . 0 2
0 . 0 0 0 . 0 0

11. 65 11.79
2 . 33 2.53
1 . 16 1 . 2 2
0 . 0 0 0.07
0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0

95.75 96.47

Hole#
An#

Si02
Ti02
AI2O3
Fe2 0 3
Cr2$3FeO
MnO
MgO
NiO
CoO
CaO
Na20
K 20
P2<>5
SrO
BaO
TOTAL
FeO* = total iron

6 6 6 7 7 8 8
2 3 4 1 2 1 2

i/r i/c r r r r r

37.96 37.52 37.56 37.31 37.14 37.32 37.59
6 . 1 1 6 . 0 1 5.89 5. 51 5.59 5.49 6 . 1 0

13.98 14.11 14.80 14.43 14.71 13.74 14.18
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

10.45 10.49 10.27 1 1 . 1 2 1 1 . 61 10. 54 9.08
0 . 08 0.17 0 . 1 2 0.15 0 . 2 2 0. 17 0. 09

1 2 . 08 1 2 . 1 1 11.81 1 1 . 1 0 10.85 11. 54 12.54
0.05 0 . 0 0 0. 05 0 . 0 1 0 . 0 0 0. 03 0. 05
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

11.83 11.74 1 2 . 0 1 11.51 11.39 11.49 11.61
2.36 2.42 2 . 2 0 2.47 2.42 2 . 62 2.34
1.40 1.38 1.53 1.35 1.19 1. 27 1.39
0.06 0. 09 0 . 08 0. 04 0.06 0. 09 0.05
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

96.36 96. 04 96. 32 95.00 95.18 94.31 95.00

c = core analysis, i/c = intermediate/core analysis 
i/r = intermediate/rim analysis, r = rim analysis
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Table 8: Analysis of feldspar
from the DDP2 hawaiite

Hole# 3 4
An# 6 5

SiOa 56.38 61.45 52
Ti0 2 0.18 0 . 1 2 0
a i 2 o 3 27. 6 8 25.23 29
Fe 2 C>3 0 . 0 0 0 . 0 0 0
Cr2§3 0 . 0 0 0 . 0 0 0
FeO 0.54 0.31 0
MnO 0 . 0 0 0 . 0 0 0
MgO 0 . 08 0. 03 0
NiO 0 . 0 0 0 . 0 0 0
CoO 0 . 0 0 0 . 0 0 0
CaO 8.84 5.42 1 1
Na20 6.16 7.30 4
k 2o 0.52 1.38 0
P205 0.06 0.03 0
SrO 0 . 0 0 0 . 0 0 0
BaO 0 . 0 0 0 . 0 0 0

TOTAL 100.43 101.26 1 0 0

An 42 .42 27 .08 42
Ab 54.55 64.58 55
Or 3.03 8.33 1

R eproduced  with perm ission of the copyright owner.

4 4 5
7 16 3

92 53.43 58.18 52.38
16 0.18 0 . 1 2 0.17
6 8 29.16 26.67 29.74
0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 0 0 . 0 0 0 . 0 0 0 . 0 0
62 0.61 0.43 0.55
03 0. 07 0 . 0 0 0. 05
08 0. 09 0 . 06 0. 07
0 0 0 . 0 0 0. 07 0 . 0 0
0 0 0 . 0 0 0 . 0 0 0 . 0 0
59 10.98 7.85 1 1 . 6 6
85 5. 09 6.80 4.60
40 0.32 0 . 8 6 0.30
0 2 0.03 0 . 2 0 0 . 0 0
0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 0 0 . 0 0 0 . 0 0 0 . 0 0

34 99.95 101.24 99.53
57 53.00 38 .14 57.00
45 45.00 60.82 41.00
98 2 . 0 0 1. 03 2 . 0 0
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Hole# 5 7 7 8
An# 5 1 1 1 2 3

Si02
Ti0 2

61.50 55. 55 59.24 55.23
0.17 0.18 0.14 0.30

A1 2 0 3 22.04 27.73 26.64 27.30
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2§3FeO

0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0.55 0.65 0.72 0.58

MnO 0 . 0 2 0 . 0 0 0. 09 0 . 0 2
MgO 0.04 0 . 1 0 0 . 2 1 0. 09
NiO 0.06 0 . 08 0.06 0.04
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.81 9.13 7 . 52 8.73
Na20 5.82 5.95 6.46 5.87
k 2o 8 . 0 0 0.47 0 . 6 8 0.55
P 2 O 5 0.51 0 . 0 1 0 . 1 0 0.09
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.52 99 .85 101.85 98.78

An 3 .92 44.44 37.23 43.88
Ab 50. 00 52.53 58.51 53 . 06
Or 46.08 3 . 03 4.26 3 . 06

FeO* = total iron 
An = anorthite, Ab = albite, Or = 1
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Table 9: Apatite composition
the DVDP2 hawaiite
Hole# 7
An# 1 0

Si(>2 0.39 0
Ti0 2 0 . 0 0 0
A I 2 O 3 0 . 0 2 0
Fe2 0 3 0 . 0 0 0
Cr2$3 0 . 0 0 0
FeO 0.30 0
MnO 0.06 0
MgO 0.35 0
NiO 0 . 0 2 0
CoO 0 . 0 0 0
CaO 55.29 55
Na20 0 . 0 0 0
k 2o 0.04 0
P 2 O 5 40.87 41
SrO 0 . 0 0 0
BaO 0 . 0 0 0

TOTAL 97. 34 98
FeO* = total iron

3
1

36
10
06
00
00
30
11
32
00
00
90
00
01
25
00
00
41

193

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Table 10: Olivine compositions from the 83415 Ne-hawaiite
Hole# 1 1 2 2 2 2
An# 5 8 2 3 4 9

i/r i/c c i r r
Si0 2 36.64 36.53 37.22 36.74 37.77 37.41
Tio 2 0 . 06 0. 03 0. 04 0 . 0 1 0. 09 0.09
AI 2 O 3 0.08 0 . 06 0 . 06 0 . 06 0. 05 0.04
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2$3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 28.53 28.28 26.23 28.57 25.28 25.15
MnO 0.82 0.80 0.85 0.85 0. 65 0.75
MgO 32.38 32 .08 34.05 32.83 34 .92 34.90
NiO 0 . 0 0 0 . 0 0 0 . 06 0.03 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.32 0.36 0.44 0.42 0. 50 0.43
Na?0 0. 03 0.05 0. 03 0 . 06 0.03 0.04
k 2o 0 . 0 1 0 . 0 2 0 . 0 0 0 . 0 0 0 . 0 0 0. 03
P 2 O 5 0. 03 0.06 0 . 0 0 0.07 0 . 2 1 0.06
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.88 98.26 98.95 99.63 99.49 98.90

Fo 66.92 66.91 69.83 67.20 71.12 71.21
Fa 33 . 08 33.09 30.17 32.80 28.88 28.79

Hole# 2 2 2 2 2 2
An# 1 0 1 0 1 0 1 2 15 16

i/c c r r i i
Sio 2 37.03 36.92 37.39 38.58 39.45 39.61
Ti0 2 0.04 0. 07 0 . 08 0 . 0 0 0 . 0 0 0 . 0 0
AI 2 O 3 0. 05 0.05 0.08 0.07 0 . 08 0.09
Fe2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr293 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 27.80 27.99 25. 39 17.97 14.51 14.39
MnO 0.91 0 . 6 8 0. 63 0.32 0.17 0.24
MgO 32.78 32.35 34.66 40.98 43.72 44.24
NiO 0 . 0 0 0 . 0 0 0 . 0 2 0.15 0 . 2 0 0.19
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.37 0. 37 0.41 0.32 0.35 0.40
Na20 0. 05 0. 04 0. 05 0 . 0 2 0 . 0 0 0 . 0 0
k 2o 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 0
P 2 O 5 0 . 1 0 0 . 1 1 0 . 1 2 0 . 0 0 0. 03 0 . 0 2
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.13 98.58 98.81 98.43 98.51 99.19
Fo 67.77 67.32 70.87 80. 26 84 .31 84.57
Fa 32.23 32 . 6 8 29.13 19.75 15.69 15.43
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Hole#
An#
Si02
Ti0 2
A I 0 O 3
Fe 2 0 3
Cr2§3FeO
MnO
MgO
NiO
CoO
CaO
Na20
K 20
P 2 O 5SrO
BaO
TOTAL
Fo
Fa

2 2 4 4 6 6
17 18 1 15 8 16
r c gm gm gm r

38.48 39.46 36.41 35.74 37.24 36.95
0.04 0.05 0 . 06 0. 05 0.13 0 . 1 0
0. 09 0. 05 0 . 06 0.05 0. 03 0.03
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

18.56 15.26 29.54 25.13 25.61 25.61
0.23 0 . 2 1 0.82 0.77 0 . 6 8 0.71

40.53 43.18 31.55 33.41 35. 05 34.74
0.07 0.17 0 . 0 1 0. 03 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0.36 0. 34 0.40 0 . 0 1 0. 37 0.42
0 . 0 1 0. 03 0.05 2.09 0 . 06 0 . 0 0
0 . 0 1 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 1 0 . 0 0
0. 04 0 . 0 0 0 . 08 1.30 0. 05 0.03
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

98.42 98.76 98.97 98.58 99.24 98.58

79.56 83 .46 65.57 70.33 70.92 70.75
20.44 16.54 34.43 29.67 29.08 29.26

Hole# 6 6
An# 17 18

i/c c
Si0 2 37.40 36.93
Ti0 2 0 . 0 1 0 . 0 1
AI 2 O 3 0 . 06 0.06
Fe 2 0 3 0 . 0 0 0 . 0 0
Cr2§3 0 . 0 0 0 . 0 0
FeO 25.84 27.12
MnO 0.72 0.75
MgO 34.68 34.10
NiO 0 . 0 0 0. 07
coo 0 . 0 0 0 . 0 0
CaO 0.42 0.36
Na20 0. 03 0 . 0 2
k 2o 0 . 0 1 0 . 0 0
P2°5 0. 07 0. 05
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 99.23 99.46

Fo 70.52 69.15
Fa 29.48 30.85
FeO = total iron
c = core analysis, i/c = intermediate/core analysis 
i/r = intermediate/rim analysis, r = rim analysis, 
gm = groundmass Fo = forsterite, Fa = fayalite
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Table 11: Clinopyroxene compositions
from the 83415 Ne-hawaiite
Hole# 3 3 3 3 3 3
An# 1 3 9 1 0 1 1 13

r i/r r r i/r c
SiC>2 47.15 46.16 48.14 47.54 46. 65 47.99
Tio 2 2.83 3 .42 2.39 2.46 2.81 2.43
ai 2 o 3 6.61 6.72 5.37 5.85 6.40 5.13
Fe 2 C>3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr293 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 7.77 7.68 7.71 7.67 7.62 7.60
MnO 0.23 0.28 0.29 0.31 0.28 0.25
MgO 11.53 11.38 12.14 11.89 11.60 12.37
NiO 0 . 0 0 0 . 0 0 0.04 0 . 0 2 0 . 0 0 0.05
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 20.92 21.47 21.47 21.09 21.47 21. 69
Na20 1 . 1 1 0.98 0.99 1 . 0 2 0.99 0.89
K 20 0 . 0 1 0 . 0 0 0 . 0 1 0 . 0 2 0 . 0 0 0 . 0 0
P2°5 0 . 0 0 0 . 0 0 0 . 0 2 0. 05 0 . 0 2 0 . 06
sro 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.16 98.08 98.58 97.91 97.84 98.47

En 37 .29 36.57 38.07 37.92 37 .05 38.39
FS 14.09 13.84 13.55 13.73 13.66 13.23
Wo 48.63 49.59 48.38 48.35 49. 30 48.38

En+ 39.39 38.92 40.12 40.24 39.29 40.46
Fs+ 15.15 14.97 13 .95 14.20 14 .29 13.87
Wo+ 45.45 46.12 45.93 45.56 46.43 45. 6 6
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Hole# 4 4 4 4 4 6
An# 7 8 9 0 1 2 14

r C i i/r r gm
Si02 46.41 46.70 47.75 47.33 46.35 47.95
Ti0 2 2.93 2.65 2.24 2.75 3.03 2.64
ai 2 o 3 6.53 6 . 1 0 5.40 5.90 6 . 8 6 4.77
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr223 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 7.63 7.52 7.84 7.53 7. 64 7.88
MnO 0.30 0.23 0.26 0.29 0 . 2 2 0.33
MgO 11.61 1 1 . 6 6 11.70 11.99 11.46 12.69
NiO 0 . 0 0 0 . 1 1 0 . 0 1 0 . 0 0 0.06 0.07
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 2 1 . 6 6 21.85 21.70 21. 53 21.48 0.58
Na20 0.94 0.87 0.87 0.82 0.93 2 2 . 1 1
k 2o 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 1 0 . 0 0
?2°5 0 . 0 0 0. 03 0 . 0 1 0 . 0 0 0 . 0 1 0 . 1 1
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.01 97.72 97.80 98.15 98.04 99.12

En 36.90 36.93 36.91 37.84 36.75 38.45
Fs 13.60 13 .36 13.88 13 . 34 13.75 13.40
Wo 49. 50 49.71 49.20 48 . 83 49. 50 48.15

En+ 39.29 39.18 38.73 40.00 39.16 40.45
Fs+ 14.29 14.04 14.45 14.12 14.46 14.04
Wo+ 46.43 46.78 46. 82 45.88 46.39 45.51
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Hole# 6
An# 15

gm
Si02 47.64
Ti02 2.87
a i 2o 3 4.73

0.00
Cr2$3 0. 00
FeO 7.64
MnO 0.25
MgO 12.54
NiO 0. 00
CoO 0. 00
CaO 22.07
Na20 0.56
K20 0. 01
P 2 O 5 0.08
SrO 0.00
BaO 0. 00
TOTAL 98.39
En 38.37
Fs 13.10
Wo 48.53
En+ 40.34
Fs+ 13 . 64
Wo+ 46. 02
FeO = total iron
c = core analysis, i/c = intermediate/core analysis 
i/r = intermediate/rim analysis, r = rim analysis, gm = 
groundmass
En = enstatite, Fs = ferrosilite, Wo = wollastonite 
En+, Fs+, Wo+ = Ca Tschermak (CaAl2SiOg) corrected
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Table 12: 
hawaiite

Plagioclase compositions from the 83415 Ne-

Hole# 1 1 1 1 1 1
An# 9 1 2 13 15 16 18

siOo
Ti0 2

57.75 57.19 56.84 56. 56 54.97 55.00
0. 34 0 . 2 2 0.13 0.13 0.13 0.07

A1 2 C>3 27.23 27.54 27.97 27.57 26.99 28.62
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr 2 0 3
FeO

0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0.43 0.25 0.24 0.35 0.18 0.25

MnO 0. 03 0 . 0 1 0 . 0 0 0. 07 0 . 0 0 0 . 0 0
MgO 0 . 1 1 0. 05 0.05 0. 04 0.06 0.07
NiO 0. 03 0 . 0 2 0. 04 0 . 0 0 0. 07 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 8.48 8.96 9.32 8.99 8.75 10.27
Na20 6 . 34 5.99 5. 61 5. 8 8 5.49 5.09
k 2 0 0. 53 0.53 0.77 0.85 0.82 0 . 6 6
P 2 0 5 0 . 1 0 0. 04 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 1
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 101.36 100.80 100.96 100.45 97.44 100.05

An 41.17 43 .87 45.72 43.55 44.50 50.65
Ab 55.75 53.04 49.82 51.58 50. 53 45.46
Or 3.08 3 . 09 4.47 4.88 4.97 3.90

Hole# 1 1 1 1 1 2
An# 16 19 2 1 2 2 23 5

Sl02
Ti0 2

56. 53 55.38 55. 36 55.63 58.33 56.23
0 . 2 1 0.18 0.09 0 . 2 2 0.43 0 . 1 0

Al 2 0 3 27.76 28.48 28.29 28.11 26.42 28.57
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
c^2§3FeO

0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0.25 0.19 0.26 0.40 0 . 6 8 0.35

MnO 0 . 0 0 0 . 0 0 0. 03 0 . 0 0 0 . 0 0 0 . 0 2
MgO 0. 05 0.03 0. 04 0.05 0 . 1 0 0.05
NiO 0 . 0 0 0 . 0 2 0.03 0.03 0.04 0.03
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 9.21 10. 04 1 0 . 1 0 9.90 7.78 9.96
Na20 5. 54 5.25 5.22 5.36 6 . 53 5.54
k 2o 0.82 0. 69 0.74 0.57 0.69 0.62
p 2°5 0 . 06 0 . 06 0 . 0 1 0 . 0 2 0. 04 0 . 0 0
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 100.41 100.31 100.15 100.28 101.05 101.47
An 45.60 49.30 49.42 48.83 38.09 48.02
Ab 49.59 46. 69 46.24 47 .81 57.86 48.39
Or 4 .81 4.01 4.34 3 . 37 4.04 3.58
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Hole# 2 2 2 3 3 3
An# 19 20 22 4 5 6

SiC>2 57.12 54.97 54.79 56.37 56.68 54.60
Ti02 0.25 0.19 0.10 0.14 0. 04 0.20
AI 2 O 3 27.55 28.50 28.64 28.03 27.56 28.81
Fe223 0.00 0. 00 0.00 0. 00 0. 00 0.00
FeO 0. 00 0. 00 0.00 0. 00 0. 00 0.00
FeO 0.29 0. 38 0.42 0.41 0.25 0.24
MnO 0. 05 0. 00 0. 00 0. 00 0.07 0.01
MgO 0. 04 0. 08 0. 06 0. 04 0. 04 0.06
NiO 0.02 0.05 0.02 0.03 0.00 0.00
CoO 0.00 0. 00 0.00 0.00 0.00 0.00
CaO 8. 69 10.26 10.39 6.14 5.70 5.19
Na20 6.20 5.36 5.37 9.36 9. 07 10.29
k 2o 0.51 0. 50 0.47 0.48 0.86 0.66
P2°5 0.11 0. 04 0. 04 0.09 0. 00 0.00
SrO 0.00 0. 00 0. 00 0. 00 0.00 0. 00
BaO 0.00 0. 00 0. 00 0. 00 0. 00 0.00

TOTAL 100.83 100.31 100.31 101.09 100.27 100.06

An 42.26 49.92 50.26 44.47 44.45 50.29
Ab 54 . 67 47. 19 47.03 52.80 50.52 45.90
Or 2.97 2 . 90 2.72 2 . 73 5. 03 3.81

Hole# 3 3 4 4 4 4
An# 7 8 3 5 6 13

Si02 54.73 54.70 55.64 57.26 55. 50 56.47
Ti02 0.15 0.17 0.13 0.24 0.29 0.27
a i 2o 3 28.73 28.63 27.50 27.50 28.20 27.66
Fe203 0.00 0. 00 0. 00 0. 00 0. 00 0.00
Cr2§3 0. 00 0. 00 0. 00 0. 00 0. 00 0.00_ "AFeO 0.26 0.21 0.25 0.31 0.40 0.43
MnO 0. 00 0.03 0. 00 0. 00 0.01 0.01
MgO 0.05 0.04 0.05 0. 03 0.07 0.05
NiO 0. 00 0. 00 0.02 0.04 0.09 0.04
CoO 0. 00 0.00 0. 00 0.00 0. 00 0. 00
CaO 5.28 5.30 9.18 6.15 5.65 5.99
Na20 10.45 10.25 5.83 8.95 9.73 9.08
k 2o 0. 62 0. 68 0.76 0.59 0.38 0.55
P 2 O 5 0. 02 0.00 0. 03 0.16 0. 06 0.07
SrO 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
BaO 0.00 0. 00 0.00 0. 00 0. 00 0.00
TOTAL 100.28 100.01 99.39 101.22 100.38 100.62

An 50.37 49.61 44.5 43 .06 47.71 44.16
Ab 46.08 46.46 51.13 53.56 50.08 52.66
Or 3.55 3.93 4 . 37 3 .39 2.22 3.18
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Hole# 4 4 4 6 6 6
An# 17 18 2 0 1 2 3

Si0 2 54.65 56. 61 60.19 54.47 55.94 55.94
Ti0 2 0 . 2 1 0.23 0.30 0 . 2 2 0 . 1 1 0.14
AI 2 O 3 28.46 27.70 26. 0 0 28.37 27.88 27.88
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2?3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 0.38 0.29 0.43 0.35 0.24 0.26
MnO 0.05 0.03 0 . 0 0 0 . 0 0 0 . 0 0 0. 07
MgO 0.06 0. 05 0. 07 0 . 06 0 . 06 0. 04
NiO 0. 05 0. 07 0 . 02 0 . 0 0 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 5.28 5.81 7.17 10.48 9.41 9.32
Na20 10.24 9.01 6.81 4.97 5. 62 5.64
k 2o 0 . 60 0.70 0.90 0 . 60 0.78 0.79
P 2 O 5 0 . 0 0 0. 05 0 . 2 0 0 . 0 2 0 . 0 1 0 . 0 2
Sro 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.98 100.54 102.09 99.53 100.04 1 0 0 . 1 1

An 49.97 44.25 32 . 67 51.93 45.86 45.53
Ab 46.57 51. 6 8 62 . 2 2 44 . 55 49.58 49.88
Or 3.46 4.07 5.11 3 . 52 4 . 55 4.59

Hole# 6 6 6 6 6 6
An# 4 5 6 7 9 1 0

SiC>2 56. 02 58.22 54.69 54.85 55. 04 55.59
Ti0 2 0 . 1 1 0.14 0 . 1 2 0.18 0.23 0 . 1 2
AI 2 O 3 28.00 26.89 28. 63 28.61 28. 35 28.23
FS2°3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2§3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 0.29 0.44 0.34 0.35 0.45 0.37
MnO 0 . 0 2 0. 07 0. 03 0. 04 0 . 0 0 0.07
MgO 0.07 0.06 0. 04 0. 05 0. 05 0.08
NiO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0. 04 0 . 06
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 9.34 8.13 10.51 10.33 10.05 1 0 . 0 1
Na20 5.64 6.04 5.21 5.31 5.58 5.43
k 2o 0.74 1. 04 0 . 62 0.55 0.51 0. 69
P 2 O 5 0 . 0 2 0 . 0 2 0 . 0 1 0.04 0.05 0.03
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 100.25 1 0 1 . 0 2 1 0 0 . 2 0 100.31 100.32 100.67

An 45.70 40. 05 50.81 50.16 48.45 48.45
Ab 49.97 53.84 45.61 46.67 48.65 47.58
Or 4.33 6 . 1 1 3.59 3 .17 2.90 3.98
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Hole# 6 7
An# 1 1 1

Si02 56.51 55.59
Ti0 2 0 . 2 0 0.08
A12C>3 28.77 28.54
Fe 2 0 3 0 . 0 0 0 . 0 0
Cr2$3 0 . 0 0 0 . 0 0
FeO 0.41 0.26
MnO 0 . 0 0 0.04
MgO 0.05 0 . 06
NiO 0 . 0 0 0. 09
CoO 0 . 0 0 0 . 0 0
CaO 10.15 10. 05
Na20 3.94 5.34
K 20 0.65 0.73
P2O5 0.05 0 . 0 2
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 100.73 100.79

An 56.22 48.84
Ab 39.50 46.92
Or 4.28 4 .24

Hole# 7 7
An# 6 7

Si02 56. 00 57.79
Ti0 2 0 . 1 1 0.14
ai 2 o 3 27 . 51 27.19
Fe2°3 0 . 0 0 0 . 0 0
cr 2 § 3 0 . 0 0 0 . 0 0
FeO 0. 27 0 . 28
MnO 0. 03 0 . 0 0
MgO 0. 05 0.05
NiO 0.03 0 . 0 0
CoO 0 . 0 0 0 . 0 0
CaO 9. 09 8.47
Na20 5.81 6 . 0 0
k 2o 0.85 0.98
P205 0 . 08 0.08
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0
TOTAL 99.84 100.97

An 44.07 41.34
Ab 51.00 52.99
Or 4.93 5. 67

7 7 7
3 4 5

55.46 57.18 56.50
0 . 2 2 0.13 0 . 1 0

28.36 27.81 27.70
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0
0.31 0.24 0.24
0 . 0 1 0 . 0 0 0 . 0 0
0.05 0. 05 0.05
0 . 0 2 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0
9 . 69 9.16 9.16
5.47 5.93 5.91
0.79 0.87 0.87
0 . 0 1 0.03 0 . 0 1
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0

100.39 101.41 100.53
47 .20 43 .76 43.83
48.21 51.28 51.22
4 . 60 4 . 95 4.96

7 7 7
9 1 0 1 1

57.72 57.58 55.03
0 . 1 2 0.17 0.04

27.30 27.36 28.51
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0
0.23 0 . 2 1 0.39
0 . 0 0 0. 03 0 . 0 2
0. 04 0. 05 0.04
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0
8.48 8.64 10.31
6 . 1 0 6 . 1 1 5.43
1. 03 1 . 0 0 0.47
0 . 0 1 0. 03 0 . 0 2
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0

1 0 1 . 0 1 101.17 100.25
40.85 41.38 49.82
53 .24 52.94 47.50
5.91 5. 6 8 2 . 6 8

7
2

54.92
0.10

28.69
0.00
0.00
0.27
0 . 00
0. 05
0.01
0. 00

10. 01
5.12
0.73
0 . 00
0. 00
0 . 00

99.90
49.70
45. 96
4 .34

7
8

56.26
0.18

27.93
0 . 00
0 . 00
0. 24
0. 03
0.05
0.08
0 . 00
9.32
5.74
0.78
0. 04
0 . 00
0 . 00

100.63
45.18
50.35
4.45
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Hole# 7 7 7 7 7 7
An# 1 2 13 15 16 17 18

SiC>2 54.82 55.20 55.77 55.92 54 . 09 55.18
Ti0 2 0 . 0 1 0.17 0 . 2 0 0.07 0.23 0.14
AI 2 O 3 28. 52 29.11 28.91 28.65 29.49 28.83
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CrzOa 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 0.43 0.30 0.19 0 . 2 2 0 . 2 2 0.32
MnO 0.05 0 . 0 0 0 . 0 2 0 . 0 2 0 . 0 0 0.05
MgO 0 . 06 0. 05 0.04 0 . 06 0. 05 0.04
NiO 0.03 0 . 0 1 0 . 0 0 0 . 0 2 0.06 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 1 0 . 60 1 0 . 61 1 0 . 06 9.76 1 1 . 2 2 10.31
Na20 5.16 5.11 5.25 5. 32 4.83 5.41
k 2o 0.53 0 . 60 0.70 0.73 0.58 0.73
P2°5 0 . 0 2 0 . 0 0 0 . 0 0 0.04 0. 03 0 . 0 1
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 100.23 101.17 101.15 100.82 100.80 1 0 1 . 0 0

An 51. 55 51.57 49.30 48.18 54 .32 49.19
Ab 45.40 44.96 46. 60 47.54 42.34 46. 6 8
Or 3 . 05 3.46 4 .11 4 . 28 3 .35 4.14

Hole# 7 7 7 7 7 7
An# 19 2 0 2 1 2 2 23 24

Si02 55.33 55.74 54 . 85 54.87 55.68 56.89
TiOz 0 . 2 2 0 . 2 0 0.07 0.23 0.18 0 . 2 2
A l2°3 28.86 28.64 28.87 28.72 28.61 29.10
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2$3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 0 . 2 2 0 . 2 1 0.23 0.32 0.28 0.33
MnO 0. 05 0 . 0 0 0 . 0 0 0 . 0 0 0. 04 0.05
MgO 0. 05 0. 05 0.04 0. 05 0 . 06 0.09
NiO 0 . 0 1 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 10.35 9.94 10. 35 10.36 10.25 1 0 . 0 2
N a20 5.24 5.08 5.20 5. 24 5.40 3.61
k 2o 0 . 6 6 0.74 0.71 0. 67 0.46 0. 39
P 2 O 5 0 . 0 0 0 . 08 0. 03 0. 03 0 . 0 2 0 . 0 0
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 100.99 100.69 100.35 100.49 100.97 100.69
An 50.17 49.64 50.21 50.18 49.84 58.90
Ab 46.00 45.94 45.70 45.95 47 .53 38.38
Or 3.83 4.41 4 . 09 3.88 2 . 64 2.72
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Hole# 7 7
An# 26 27

Si02 57.27 57 . 6 8
Ti0 2 0 . 2 1 0 . 06
AI 2 O 3 27.28 27.32
Fe 2 0 3 0 . 0 0 0 . 0 0
Cr 2 £ 3 0 . 0 0 0 . 0 0
FeO 0.40 0.40
MnO 0 . 0 0 0 . 0 0
MgO 0 . 08 0.05
NiO 0.06 0 . 0 1
CoO 0 . 0 0 0 . 0 0
CaO 8 . 58 8.41
Na20 6.24 6 . 2 0
K 20 0 . 6 8 0. 65
P 2 O 5 0.04 0 . 0 1
sro 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 100.85 100.78

An 41.48 41.21
Ab 54.63 54 . 99
Or 3.90 3 .80
FeO* = total iron
An = anorthite, Ab = albite, Or = orthoclase

204

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Table 13:Apatite from the 83415 Ne-hawaiite
Hole# 3 3
An# 2 1 2

Si02 0.25 0.25 0
Ti0 2 0 . 0 0 0 . 0 0 0
A 1 2 0 3 0.04 0. 03 0
Fe 2 0 3 0 . 0 0 0 . 0 0 0
Cr 2 § 3 0 . 0 0 0 . 0 0 0
FeO 0.33 0.26 0
MnO 0.07 0. 03 0
MgO 0.29 0.24 0
NiO 0 . 0 0 0 . 06 0
CoO 0 . 0 0 0 . 0 0 0
Na 20 0 . 0 0 0 . 0 0 0
CaO 55.92 56.32 54
k 2o 0 . 0 2 0 . 0 0 0
P 2 O 5 41.54 41. 63 41
SrO 0 . 0 0 0 . 0 0 0
BaO 0 . 0 0 0 . 0 0 0

TOTAL 98.46 98.83 96
FeO* = total iron

2
5

24
10
08
00
00
26
05
19
03
00
00
37
02
25
00
00
53
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Table 14: Olivine compositions
from the anorthoclase phonolite
Hole# 3 5
An# 8 6

c C
Si0 2 33 . 66 33 . 62
Ti0 2 0.00 0. 00
A I 2 O 3 0.04 0.01
Fe 2 0 3 0.00 0.00
Cr2$3 0.00 0. 00
FeO 41. 69 41. 05
MnO 2.50 2.68
MgO 20.85 20.64
NiO 0.00 0.04
CoO 0.00 0. 00
CaO 0. 54 0. 52
Na 20 0. 04 0.04
k 2o 0. 00 0.00
P 2 O 5 0.06 0.02
SrO 0. 00 0. 00
BaO 0. 00 0. 00

TOTAL 99.38 98.63
Fo 47.14 47.26
Fa 52.86 52.74

R eproduced with perm ission of the copyright owner.

5 5 5 5
28 29 30 31
c C c c

33.55 33 . 58 33.46 33.61
0 . 0 2 0 . 0 2 0 . 06 0.04
0.03 0 . 0 2 0. 05 0.04
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

41.47 40.70 41.15 41.03
2 . 6 6 2 . 8 6 2.52 2.60

20.30 20.71 20.60 20.80
0.03 0 . 0 1 0 . 0 0 0.05
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0.54 0. 52 0. 52 0.51
0. 04 0.03 0. 04 0.03
0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0
0. 04 0 . 0 2 0 . 06 0.04
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

98.68 98.46 98.46 98.74
46. 60 47.564 47.16 47.47
53 .40 52.436 52.84 52.53
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Hole# 6 6 6 6 6 6
An# 3 19 2 0 2 1 2 2 23

c r i/r r r C
Si0 2 35.36 33 .77 33.74 33.75 33 . 57 33.57
Ti0 2 0 . 0 0 0.04 0. 04 0 . 1 1 0 . 0 1 0 . 0 0
AI2O3 0. 04 0 . 0 2 0. 05 0 . 0 0 0. 05 0 . 0 2
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr223 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 34.95 41.50 41.53 41. 92 41.44 40.93
MnO 2.06 2 . 6 8 2.71 2.62 2.55 2.56
MgO 26.69 20.48 20. 65 20. 53 20. 52 20.50
NiO 0 . 0 0 0 . 0 1 0 . 1 0 0 . 0 1 0 . 0 2 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.48 0.48 0.49 0.52 0.51 0. 69
Na20 0 . 0 2 0. 04 0 . 0 0 0 . 0 2 0 . 06 0.05
K 20 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
P2O5 0.06 0 . 02 0 . 06 0 . 08 0. 09 0.08
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.65 99.04 99.36 99.56 98.83 98. 39

FO 57.65 46.80 46.98 46. 62 46.89 47.165
Fa 42.35 53 .20 53.02 53.38 53.11 52.835

FeO* = total iron
c = core analysis i ,  i/r = intermediate/rim analysis, r = rim
analysis
Fo = forsterite, Fa = :fayalite
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Table 15: Clinopyroxene compositions
from the anorthoclase phonolite
Hole# 1 1 1 1 1 1
An# 1 5 6 7 8 1 2

r r i/r r i/c C
Si0 2 42.72 50.10 49.52 49.96 50.19 47.01
Ti0 2 3.98 1.14 1.28 1 . 1 1 1 . 1 2 2.52
A I 2 O 3 1 0 . 0 0 2 .38 2.46 2 . 09 2.18 6.04
Fe2°3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2Q3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 9.02 1 0 . 6 6 10.67 10. 58 10.31 8.45
MnO 0 . 2 2 0 . 8 6 0.71 0.72 0.74 0.35
MgO 11.15 11.46 11. 36 11.51 1 1 . 6 6 12.75
NiO 0 . 0 0 0. 04 0. 04 0 . 0 0 0 . 06 0 . 0 1
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 20.59 20.98 21.13 21.58 21. 55 20.92
Na 20 0.76 1.04 1.27 0 . 8 6 0.84 0.77
k 2o 0 . 0 0 0 . 0 0 0 . 08 0 . 0 0 0 . 0 1 0 . 0 2
P 2 O 5 0 . 08 0 . 0 0 0.04 0.06 0 . 0 0 0.04
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.51 98.65 98.55 98.46 98. 6 6 98.86

En 35.96 35.24 34 . 92 34.93 35.41 39.19
Fs 16.32 18.39 18.41 18.01 17.56 14.58
Wo 47.72 46.38 46. 6 8 47.07 47.03 46.23

En+ 40.00 36.26 35.71 35. 6 8 36.22 41. 62
Fs+ 18.13 18.68 18.68 18 .38 17.84 15.61
Wo+ 41. 8 8 45.05 45. 60 45.95 45. 95 42 .77
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Hole# 1 1 2 2 2 2
An# 15 16 1 2 3 5

c c r i/r c r
SiC>2 47.95 46.51 50.32 50.39 50.62 50.59
Tio2 2.24 2.90 1.17 1 . 08 1.14 1.07
AI2O3 5.04 6.41 2.40 2.46 2.48 2.45
Fe2 ° 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr223 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 8 . 0 2 8.42 10.96 1 0 . 8 6 10.82 11.07
MnO 0 . 2 2 0.31 0.82 0 . 80 0. 69 0.74
MgO 13.48 12.18 1 1 . 2 2 11.45 11. 36 11.37
NiO 0.08 0 . 0 2 0 . 06 0 . 0 1 0 . 0 1 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 20.71 21.18 20. 65 20. 59 20.67 20.56
Na20 0 . 61 0 . 8 6 1 . 1 1 1 . 1 1 1.13 1 . 1 0
k 2o 0. 03 0 . 0 2 0 . 0 0 0 . 0 0 0 . 0 1 0 . 0 0
P2O5 0. 03 0 . 1 1 0 . 0 1 0 . 0 0 0. 04 0 . 0 0
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98 .40 98.90 98.72 98.75 98.96 98.95

En 41.03 37 .92 34.83 35.41 35.19 35.14
Fs 13 . 6 8 14.71 19.09 18.84 18.80 19.20
Wo 45.29 47.38 46. 08 45.75 46.01 45. 67

En+ 43.18 40.35 35.36 35.91 35.91 35.91
Fs+ 14.20 15.79 19.34 19.34 19.34 19.34
Wo+ 42.61 43.86 45. 30 44.75 44.75 44.75
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Hole# 2 2 3 3 5 5
An# 6 7 5 6 4 6

i/r i/c c C c C
SiC>2 50.16 50.42 44.73 43 . 04 48. 6 6 45.80
Ti0 2 1.23 1.23 3.96 4.30 1.95 3.33
AI 2 O 3 2.57 2.65 7.32 9.18 4.09 7.04
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2§3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 10.97 10.75 8.96 8.70 8.79 9.00
MnO 0.73 0 . 80 0.38 0 . 2 0 0.41 0.41
MgO 11. 69 1 1 . 61 11.19 1 1 . 1 2 1 2 . 8 8 11.44
NiO 0.04 0 . 0 2 0.08 0.04 0 . 0 0 0. 05
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 20.36 20. 34 20.90 20.82 21.17 20.48
Na20 1.08 1. 07 1 . 0 0 0.80 0.71 0.99
k 2o 0 . 0 2 0 . 0 2 0 . 0 1 0 . 0 1 0 . 0 0 0 . 0 0
P205 0 . 06 0 . 0 0 0.08 0.04 0 . 1 2 0 . 0 0
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.90 98.90 98 . 59 98.24 98.78 98.54

En 35. 99 35.98 35.82 35. 92 39.00 36.66
Fs 18.95 18.70 16.10 15.76 14 . 94 16.19
Wo 45. 06 45. 32 48 . 09 48.33 46.07 47.16

En+ 37.02 36.87 38.79 39.75 40.56 39.16
Fs+ 19. 34 18.99 17.58 17.39 15.56 17.47
Wo+ 43 . 65 44.13 43 . 64 42.86 43.89 43.37
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Hole# 5 6 6 6 6 6
An# 7 1 2 5 6 11

C c c i/r i/c c
SiC>2 48.92 49.06 42.86 49.54 50.55 50
Ti02 1.85 1.77 4.54 1.57 0.89 1
AI 2 O 3 3.98 3.67 9.36 3.40 2.45 2
Fe 2 0 3 0.00 0.00 0.00 0. 00 0. 00 0
cr2§3 0.00 0. 00 0. 00 0.00 0.00 0
FeO 8.39 8 .39 8.94 10. 68 10. 64 10
MnO 0.39 0.44 0.22 0.73 0.75 0
MgO 13 . 09 13 .44 11. 02 11.28 11. 30 11
NiO 0. 00 0. 03 0. 00 0.07 0.00 0
CoO 0. 00 0. 00 0. 00 0. 00 0. 00 0
CaO 21.06 20.87 20.84 20.45 20.88 21
Na20 0.74 0. 69 0.85 1 . 16 1 . 01 0
k 2o 0.01 0.03 0. 02 0. 01 0.00 0
P2°5 0.06 0. 05 0. 05 0. 02 0. 05 0
SrO 0.00 0. 00 0. 00 0. 00 0. 00 0
BaO 0. 00 0.00 0. 00 0. 00 0. 00 0

TOTAL 98.46 98.44 98.69 98.91 98.54 98

En 39.75 40.56 35.53 35. 28 35.02 35
Fs 14.29 14 .19 16.18 18.74 18.50 18
Wo 45.96 45.25 48.29 45.98 46.49 46

En+ 41.11 41.99 39.38 36.16 35.71 35
Fs+ 15.00 14.92 18 .13 19.21 18.68 18
Wo+ 43 .89 43 . 09 42.50 44.63 45. 60 45
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Hole# 6
An# 13

i/c
Si02 50.73
Ti02 1.08
a i 2o 3 2.24
F©2°3 0.00
Cr2$3 0.00
FeO 10.83
MnO 0.80
MgO 11.54
NiO 0. 00
CoO 0. 00
CaO 20.84
Na20 1. 06
K 20 0. 01
P 2 O 5 0. 01
SrO 0.00
BaO 0. 00

TOTAL 99.12
En 35.40
Fs 18.64
Wo 45.96
En+ 36.07
Fs+ 19.13
Wo+ 44.81

6 6
26 28
r i/r

43.82 45.78
3.89 3 .10
8.58 7.39
0. 00 0. 00
0.00 0. 00
9.14 8.94
0.22 0.30

11. 01 11. 63
0. 00 0.03
0. 00 0. 00

20.85 20.32
0.90 1.01
0. 00 0. 01
0. 05 0. 04
0. 00 0. 00
0.00 0. 00

98.44 98 . 55
35.38 37.21
16.47 16. 05
48.15 46.74
38.89 39.76
17.90 17.47
43.21 42.77

FeO* = total iron
c = core analysis, i/c = intermediate/core analysis 
i/r = intermediate/rim analysis, r = rim analysis 
En = enstatite, Fs = ferrosilite, Wo = wollastonite 
En+, Fs+, Wo+ = Ca Tschermak (CaAl2SiOg) corrected
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Table 16: Anorthoclase compositions
from the anorthoclase phonolite
Hole# 4 4 4 4 4 4
An# 1 2 3 4 5 6

r r r r r c
SiC>2 67.41 68.75 68.54 67.39 67.81 67.47
Ti0 2 0 . 0 1 0.15 0.15 0.09 0.06 0 . 1 1
ai 2 o 3 22.49 2 2 . 0 0 2 2 .18 22.41 22.25 2 1 . 6 8
Fe 2 C>3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr223 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 0.14 0.25 0 . 2 0 0 . 2 0 0.19 0.16
MnO 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
MgO 0 . 0 2 0 . 0 0 0 . 0 1 0 . 0 1 0. 03 0 . 0 2
NiO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 2 . 1 0 1.57 1.89 2.16 2 . 0 0 1.70
Na20 7.13 6.70 6.99 6 . 94 7.20 6.80
k 2o 4.21 4.65 4.45 4.12 4.30 4.69
p2°5 0.03 0 . 0 1 0.04 0.03 0 . 0 1 0.04
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 103.55 104.07 104.46 103 . 34 103.84 102.67

An 10.49 8.17 9.55 10.99 9.92 8 . 69
Ab 64.48 63.05 63.74 63.99 64.65 62.80
Or 25. 03 28.78 26.72 25. 03 25.43 28.51
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Hole# 4 4 4 4 4 4
An# 7 8 9 10 11 12

c i/c i/c c r r
Si02 66.50 67.53 67.07 66. 32 67.15 68. 04
Ti02 0.15 0.00 0. 00 0. 07 0.14 0.17
a i 2o 3 22 .47 22 .26 22.33 22.87 22 . 50 22.59
Fe2C>3 0.00 0. 00 0.00 0. 00 0. 00 0.00
Cr2§3 0.00 0. 00 0.00 0. 00 0. 00 0. 00
FeO 0.21 0.13 0.16 0. 24 0.26 0.16
MnO 0.00 0.00 0.00 0.01 0.00 0.01
MgO 0.00 0. 01 0.02 0. 04 0. 01 0.02
NiO 0.00 0. 00 0. 02 0.00 0. 00 0.00
CoO 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
CaO 2.54 2 .14 2.19 2 . 67 2 .30 2 . 04
Na?0 6.35 6.81 7.12 7.30 7.14 6.99
k 2o 3.62 4.05 3.96 3 . 53 3.86 4.20
P2°5 0. 00 0. 03 0. 01 0. 00 0. 00 0.01
Sro 0. 00 0. 00 0.00 0. 00 0. 00 0.00
BaO 0.00 0. 00 0.00 0. 00 0. 00 0.00

TOTAL 101.84 102.94 102.88 103.04 103.35 104.21

An 13.84 11.09 11. 06 13.29 11. 60 10. 36
Ab 62.65 63.91 65.12 65.77 65.20 64.26
Or 23 . 51 25.00 23 .82 20.95 23.20 25.39

Hole# 4 5 5 5 5 5
An# 13 1 2 3 4 5

r r i/r c i/c i/r
Si02 65.44 66.32 66.97 66.78 67.56 65. 63
Ti02 0.04 0.12 0. 00 0.07 0.13 0. 08
a i 2o 3 23.22 22.27 22.37 22.66 22.40 22.90
F®2°3 0.00 0. 00 0.00 0.00 0.00 0.00
Cr293 0. 00 0. 00 0.00 0.00 0. 00 0.00
FeO 0.23 0. 22 0.24 0.14 0.24 0.22
MnO 0. 00 0. 00 0. 00 0.03 0. 00 0. 05
MgO 0. 03 0. 01 0. 02 0. 03 0.03 0.00
NiO 0. 02 0. 01 0. 00 0. 02 0. 00 0. 00
CoO 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
CaO 3.19 2.41 2.41 2.31 2.14 2.89
Na 20 7.39 7.51 7 .09 7 .16 6.95 7.31
k 2o 3 .10 3.79 3 .93 4 . 02 4 .20 3.41
P 2 O 5 0. 00 0.03 0. 03 0. 02 0.01 0.00
SrO 0.00 0.00 0.00 0.00 0. 00 0.00
BaO 0.00 0. 00 0. 00 0. 00 0. 00 0. 00

TOTAL 102.65 102.69 103.06 103.24 103.66 102.48

An 15.77 11.76 12 .10 11. 52 10.84 14.31
Ab 66. 02 66.23 64.39 64.61 63.82 65.56
Or 18.21 22.00 23.51 23.87 25. 34 20.13
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Hole# 5 5 5 5 5 5
An# 8 9 1 0 1 1 1 2 18

i/r i/r i/c r i/c r
Si02 6 6 . 09 66.84 6 6 . 63 66.46 6 6 . 32 66.73
Tio2 0.18 0.17 0.13 0 . 1 0 0.14 0 . 0 2
AI 2 O 3 22 .76 22 .78 22 .46 2 2 . 6 8 22.46 22.91
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CrzOa 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 0 . 2 2 0 . 2 1 0.19 0 . 2 2 0.30 0.26
MnO 0 . 0 1 0 . 0 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
MgO 0 . 0 1 0 . 0 2 0 . 0 2 0 . 0 2 0 . 0 2 0 . 0 1
NiO 0. 05 0 . 0 2 0 . 0 0 0 . 0 2 0 . 0 1 0 . 0 2
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 2 . 8 8 2.57 2.64 2.70 2.42 2 .83
Na20 7.23 7.21 7.23 6.80 6.87 7.33
k 2o 3 .39 3.67 3 . 65 3 . 65 3.90 3 . 38
P2O5 0 . 0 0 0 . 0 0 0 . 0 0 0. 03 0 . 0 1 0.04
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 102.81 103.52 102.96 1 0 2 . 6 6 102.45 103.53

An 14.39 12.84 13 .16 13.93 12.43 14.06
Ab 65.42 65. 30 65.17 63 . 59 63.75 65.96
Or 20.19 21. 87 21. 67 22.47 23.83 19.98

Hole# 5 5 5 5 5 5
An# 19 2 0 2 1 2 2 23 24

i/c i/r c c i/c i/r
sio2 65.12 64.65 6 6 . 06 67.45 67.47 65.80
Tio2 0 . 1 0 0.08 0 . 1 0 0. 09 0.09 0 . 1 2
Al2o3 23 .43 23 . 55 23 .12 22.49 22.59 23 .10
Fe2 C>3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2S3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 0.19 0.25 0.14 0 . 2 0 0.23 0.17
MnO 0 . 0 0 0. 04 0 . 0 1 0. 04 0. 07 0.03
MgO 0 . 0 2 0 . 02 0. 03 0. 03 0 . 0 2 0. 04
NiO 0 . 0 0 0 . 0 0 0 . 0 2 0 . 02 0 . 0 0 0 . 0 2
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 3.60 3.67 3.19 2.43 2.35 3.00
Na20 7.49 7.31 7.07 7.24 7.16 7.12
k 2o 2.84 2.84 3.07 3 . 81 3.83 3.18
p 2°5 0 . 0 1 0.05 0. 05 0. 04 0.04 0 . 0 0
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 102.80 102.46 102.87 103.85 103.84 102.56

An 17.54 18.11 16.24 1 2 . 1 1 1 1 . 81 15.24
Ab 6 6 . 0 1 65.22 65.16 65. 28 65.25 65.52
Or 16.46 16. 67 18.61 22.61 22.94 19.24
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Hole# 5 5 5 5 5 5
An# 25 32 33 34 35 37

i/r i/c i/c c C i/r
Si0 2 67.24 67. 63 66.63 65.86 6 6 . 65 66.78
Ti0 2 0.08 0.13 0.07 0 . 1 1 0.08 0 . 1 1
a i 2 o 3 22.46 22.14 22.70 22 . 59 22.60 22.54
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr223 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 0.25 0 . 2 0 0.23 0 . 2 2 0.23 0.26
MnO 0 . 0 1 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 1
MgO 0 . 0 1 0 . 0 2 0 . 0 2 0 . 0 0 0.03 0 . 0 2
NiO 0. 04 0 . 0 0 0 . 0 0 0. 05 0 . 0 1 0. 05
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 2.43 1.80 2.64 2 .83 2.53 2.50
Na 20 7 .46 6.94 7.19 7.34 7 .43 7.21
k 2o 3.61 4.49 3.51 3.46 3 . 64 3.74
P 2 O 5 0 . 0 0 0. 05 0.03 0. 03 0 . 0 0 0 . 0 1
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 103.58 103.40 103.02 102.48 103.19 103.23

An 1 2 . 0 1 9.13 13 .31 13 . 98 12.45 12 .49
Ab 66.76 63.72 65.63 65. 64 6 6 . 2 1 65.23
Or 21.23 27.15 2 1 . 06 20. 38 21. 34 22.28

216

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Hole# 6 6
An# 29 30

r c
Si0 2 65.30 67.89
Ti0 2 0 . 1 2 0.13
Al2°3 22.50 23.22
Fe 2 0 3 0 . 0 0 0 . 0 0
c*2g3 0 . 0 0 0 . 0 0
FeO 0.27 0.28
MnO 0 . 0 0 0 . 0 0
MgO 0 . 0 1 0.03
NiO 0 . 0 2 0 . 0 0
CoO 0 . 0 0 0 . 0 0
CaO 2.65 2 . 6 8
Na20 7.12 2.90
k 2o 3.53 2.72
P2°5 0 . 08 0. 04
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 101.60 99.89
An 13.44 23.97
Ab 65.28 47.04
Or 21.29 28.99
FeO = total iron
c = core analysis, i/c = intermediate/core analysis 
i/r = intermediate/rim analysis, r = rim analysis 
An = anorthite, Ab = albite, Or = orthoclase
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Table 17: Apatite compositins
from the anorthoclase phonolite
Hole# 1 1 1 3 5 5
An# 4 11 14 9 5 13

Si02 0. 50 0.48 0.46 0.53 0.48 0.32
Ti02 0.03 0.07 0.02 0.13 0.04 0.00
a i 2o 3 0. 04 0. 02 0. 02 0. 04 0. 03 0.01
Fe203 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
Cr2§3 0.00 0. 00 0.00 0. 00 0. 00 0.00
FeO 0.44 0.43 0.29 0.32 0.31 0.28
MnO 0.18 0.11 0.03 0.10 0.20 0.14
MgO 0.15 0.11 0.11 0.17 0.12 0.12
NiO 0. 08 0. 05 0.07 0.00 0. 01 0.00
CoO 0.00 0. 00 0. 00 0.00 0. 00 0.00
CaO 54.52 54.58 53 .94 54.40 54 .21 54.65
Na 20 0. 00 0.00 0.00 0.00 0.00 0.00
k 2o 0. 02 0. 02 0. 00 0. 01 0. 02 0.01
P 2 O 5 41.88 40.78 41.20 41. 02 40. 81 41.17
SrO 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
BaO 0. 00 0. 00 0. 00 0. 00 0.00 0.00

TOTAL 97.82 96.63 96.15 96.70 96.23 96.70

Hole# 5 5 5 5 5 5
An# 14 15 16 17 26 27

Si02 0.25 0. 22 0. 23 0.31 0. 29 0.39
Ti02 0. 00 0. 00 0. 00 0. 01 0. 00 0.10
AI 2 O 3 0.02 0. 02 0. 05 0. 02 0. 04 0.03
Fe 2 0 3 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Cr293 0.00 0.00 0. 00 0.00 0.00 0.00
FeO 0.26 0.25 0.25 0. 27 0.27 0.21
MnO 0. 08 0. 06 0.14 0.12 0.10 0.13
MgO 0.12 0.14 0.13 0.13 0.11 0.11
NiO 0. 00 0.03 0.02 0. 08 0. 00 0. 00
CoO 0.00 0. 00 0. 00 0. 00 0.00 0.00
CaO 55.31 55.90 55.02 54.88 54.99 54 .94
Na20 0. 00 0.00 0.00 0.00 0.00 0.00
k 2o 0. 01 0. 00 0. 00 0. 00 0. 01 0. 00
P2°5 41. 88 41. 63 41.87 41.80 41. 89 41.45
SrO 0. 00 0. 00 0. 00 0. 00 0.00 0.00
BaO 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
TOTAL 97.92 98.25 97.71 97.61 97.71 97.37
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Hole# 6 6 6 6 6 6
An# 32 7 8 9 1 0 14

Si0 2 0.51 0.49 0.43 0.46 0.47 0.48
Ti0 2 0.04 0 . 0 0 0.05 0 . 0 0 0 . 0 2 0.03
ai 2 o 3 0 . 0 2 0. 03 0 . 0 1 0 . 0 0 0.03 0 . 0 2
Fe 2 ° 3 0 . 0 0 0 . 0 0 0 . 0 0 ’ 0 . 0 0 0 . 0 0 0 . 0 0
Cr 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 0.32 0.24 0.31 0.33 0.27 0.26
MnO 0.17 0.13 0.16 0.17 0.19 0 . 08
MgO 0.15 0.16 0.16 0.15 0.16 0.14
NiO 0 . 0 0 0 . 0 0 0 . 0 0 0.03 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 53.96 55.02 54.21 54.33 54.31 54.72
Na20 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
K 20 0.04 0 . 0 2 0 . 0 1 0 . 0 1 0 . 0 0 0 . 0 0
p 2°5 40. 07 41.15 40. 62 40.76 40. 34 39.97
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 95.27 97 . 24 95. 97 96. 24 95.78 95.69

Hole# 6 6 6 6 6 6
An# 15 16 17 18 24 25

Si02 0.43 0.46 0.41 0.50 0.45 0.48
Ti0 2 0.05 0.07 0 . 0 0 0. 05 0 . 06 0 . 1 0
ai 2 o 3 0 . 0 2 0 . 0 1 0. 03 0 . 0 1 0. 04 0 . 0 2
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2Q3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FeO 0.42 0.42 0.39 0.41 0. 50 0.75
MnO 0 . 2 1 0.13 0.14 0.15 0 . 2 1 0.17
MgO 0.19 0.13 0.16 0.15 0 . 2 0 0.14
NiO 0 . 0 1 0.09 0 . 0 0 0.05 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 54.00 54.13 53.75 54 . 02 54.50 54.03
Na20 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
K 20 0 . 0 0 0 . 0 0 0 . 0 1 0.05 0 . 0 1 0 . 0 0
p2°5 40.67 40.43 40. 93 40.74 41.41 41.33
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 96. 00 95. 85 95. 82 96.12 97 . 37 97.02

FeO = total iron
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APPENDIX D
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Table 1: Melt compositions for basanite (one atmopshere)
Temp (°C) 1224 1224 1224
Run # 11 11 11

sio2
Ti02

42.48 42.53 42.45
4 . 65 4.94 4.65

A 12°3* 13.97 13 .89 13 .96
Fe 2 0 3 1. 56 1. 60 1. 64
c*2$3 0.11 0.05 0.07
FeO 8.68 8.89 8.95
MnO 0.22 0.19 0.14
MgO 9.10 9.07 8.90
NiO 0.08 0.05 0. 01
CoO 0. 00 0. 00 0. 00
CaO 12.27 12.20 12 .30
Na20 2.41 2.44 2.54
K 20 1. 29 1.23 1.26
P2O5 0.74 0. 69 0.79
SrO 0. 00 0. 00 0. 00
BaO 0. 00 0. 00 0. 00
TOTAL 97.56 97.77 97.66
Mg# 65.14 64.52 63 . 93
Fo 86.20 85.80 85.50

Temp (°C) 1197 1197 1197 1197
Run # 8 8 8 8

SlOp
Ti02

42.13 42.13 42.21 42.04
4.77 4.67 4.73 4.58

A12°3* 14 . 04 14 . 08 14 . 06 14.15
Fe203 1.67 1. 69 1. 69 1.62
Cr2§3
FeO

0.07 0. 08 0. 02 0.07
8.70 8.85 8.82 8.51

MnO 0.14 0.10 0.15 0.13
MgO 8.41 8.33 8.34 8.35
NiO 0. 05 0. 06 0. 01 0.01
CoO 0. 00 0. 00 0. 00 0.00
CaO 12.57 12 . 51 12.71 12 . 50
N a 20 2.63 2 . 60 2.54 2.57
K 20 1.32 1.34 1.35 1.34
p 2°5 0.81 0.74 0.82 0.85
SrO 0. 00 0.00 0. 00 0. 00
BaO 0. 00 0. 00 0. 00 0. 00
TOTAL 97.31 97 .18 97.45 96.72
Mg# 63.29 62.67 63.62 62 .76
Fo 85.20 84.80 85.40 84 . 90
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Temp (°C) 1177 1177 1177 1177
Run # 9 9 9 9

sio2
Ti02

42.02 41.39 42.36 42.41
4.86 5.28 4.94 5.03

AI 2 O 3 * 14.85 14.62 14.76 14 . 94
Fe20 3* 1.65 1.66 1.61 1. 67
Cr2§3FeO

0.04 0. 03 0.05 0. 07
8.32 8.28 8.47 8.59

MnO 0.14 0.15 0.16 0.19
MgO 7 .19 7.00 7.14 7.03
NiO 0.00 0. 03 0. 07 0. 02
CoO 0. 00 0.00 0. 00 0. 00
CaO 12.90 12.92 12.93 12.76
Na 20 3.09 3 . 08 3.09 3 . 01
k 2o 1.52 1.56 1.49 1.45
P2O5 0. 95 0.87 0.96 0.86
sro 0. 00 0. 00 0. 00 0. 00
BaO 0. 00 0. 00 0. 00 0. 00
TOTAL 97.54 96.86 98.04 98.05

Mg# 60. 63 60.12 60. 04 59.35
Fo 83 .70 83 .40 83 .40 83 . 00

Temp (°C) 1160 1160 1160
Run # 10 10 10
Si02 42.21 42.07 42 . 06
Ti02 5.18 5.05 4 . 97
A1203* 15.14 15.00 15. 08
Fe20 3 1. 54 1.58 1.61
Cr2§3 0.04 0.04 0.05
FeO 8 . 03 8.27 8.32
MnO 0.21 0.18 0.25
MgO 6.35 6.52 6.60
NiO 0. 02 0. 00 0. 05
CoO 0. 00 0. 00 0. 00
CaO 13.25 13.04 13 .16
Na20 3.07 3.05 3 .20
k 2o 1. 55 1. 51 1.48
*205 0.97 0.84 0.95
SrO 0. 00 0. 00 0. 00
BaO 0.00 0.00 0. 00
TOTAL 97.55 97.15 97.79
Mg# 58.50 58.42 58. 59
Fo 82 . 50 82.40 82.50
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Temp (°C) 1138 1138
Run # 12 12

Si02 42.35 42.89
Ti02 5.11 5.24
Al2°3* 15.82 15.81
Fe203 1.56 1.51

0. 03 0. 01
FeO 8.46 8.30
MnO 0.13 0.19
MgO 6.14 6.11
NiO 0.00 0.05
CoO 0.00 0.00
CaO 12.73 12.62
Na20 3.01 2.91
K20 1. 50 1.55
p 2 o 5 0.99 0.99
SrO 0. 00 0. 00
BaO 0.00 0.00

TOTAL 97.82 98.18
Mg# 56.41 56.74
Fo 81. 20 81.40

Temp (°C) 1120 1120 1120
Run # 13 13 13

Si02 43.10 43.09 42.93
Ti02 5.33 5.24 5.35
a i 2o 3a 16.21 16. 43 16. 56
Fe20 3 1.47 1.43 1.48
Cr 2 § 3 0.02 0. 00 0.03
FeO 8.82 8. 67 8.75
MnO 0.14 0.18 0.23
MgO 5.79 5.71 5.51
NiO 0. 08 0. 00 0. 00
CoO 0. 00 0. 00 0. 00
CaO 11.64 11.69 11.67
Na20 2.71 2.65 2.92
k 2o 1.34 1.31 1.35
P205 0.49 0. 60 0.67
sro 0. 00 0.00 0. 00
BaO 0. 00 0. 00 0. 00
TOTAL 97.16 97.00 97.44
Mg# 53 . 94 54 . 00 52.87
Fo 79.60 79.60 78.90
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Temp (°C) 1104 1104 1104
Run # 15 15 15

Si02 42.39 42 .89 42.56
Ti02 5.53 5.24 5.60
a 12°3* 15.92 15.91 15.94
Fe203 1.65 1. 69 1. 60
Cr293 0. 00 0. 01 0. 01
FeO 8.42 8.21 8.35
MnO 0.18 0.20 0.11
MgO 4.29 4.16 4.24
NiO 0.06 0. 01 0. 00
CoO 0. 00 0. 00 0. 00
CaO 9.59 9.36 9.51
Na20 4 . 51 5.12 4.41
k 2o 2.73 2.79 2.59
P 2 O 5 1.75 1.98 1. 68
SrO 0.00 0.00 0.00
BaO 0. 00 0. 00 0. 00

TOTAL 97.02 97.57 96. 60

Mg# 47.61 47.47 47.49
Fo 75.20 75.10 75.10
* = FeO and Fe203 determined using method 
given by Kilinc et al., 1983
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Table 2: Melt compositions for
DVDP2 hawaiite (one atmosphere)
Temp (°C) 1224 1224 1224 1224
Run # 11 11 11 11

SlOp
Ti02

48.36 47.85 48.78 48.24
3.24 3.23 3 . 07 3 . 06

a 12°3* 17.99 18.04 18.02 18.09
Fe203 1.41 1.43 1.47 1.47
Cr2§3FeO

0. 02 0.03 0. 00 0.05
7.10 7.22 7.26 7.32

MnO 0.23 0.23 0.19 0.21
MgO 3.71 3.85 3.85 3.90
NiO 0. 00 0.05 0. 00 0. 00
CoO 0.00 0. 00 0. 00 0. 00
CaO 7.89 7 . 87 7.95 7.98
Na 20 4.84 4.74 4.96 4.91
k 2o 2.57 2 .61 2 . 66 2.63
P2O5 0.36 0.36 0.32 0.35
SrO 0. 00 0. 00 0. 00 0. 00
BaO 0. 00 0.00 0. 00 0. 00
TOTAL 97 . 72 97.51 98.53 98.21
Mg# 48.23 48.73 48.59 48.71
Fo 75.60 76.00 75.90 76.00

Temp (°C) 1197 1197
Run # 8 8
Si02 47.61 47.27
Ti02 3.19 3 . 34
AI2O3* 17.86 17.74
Fe203 1. 60 1.59
Cr2$3 0.00 0.00
FeO 7.36 7 .25
MnO 0.17 0.18
MgO 3.81 3.71
NiO 0.00 0. 00
CoO 0. 00 0.00
CaO 7.86 7.78
Na 20 5.36 5.46
k 2o 2.71 2 .72
P2O5 0. 50 0. 59
Sro 0. 00 0. 00
BaO 0. 00 0. 00
TOTAL 98.02 97 . 64
Mg# 48 . 00 47.69
Fo 75.50 75. 20
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Temp (°C) 1177 1177
Run # 9 9

Si02 46.85 47.80
Ti0 2 3.25 3.09
Al2°3* 17.46 18.00
Fe 2 0 3 1.58 1. 55
Cr2§3 0 . 0 0 0 . 0 1
FeO 7.19 7.28
MnO 0 . 2 0 0 . 2 0
MgO 3.80 3.83
NiO 0 . 0 0 0. 05
CoO 0 . 0 0 0 . 0 0
CaO 7.71 7.82
Na20 5.59 5.44
K20 2.85 2.77
P2°5 0. 67 0 . 6 8
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0
TOTAL 97.16 98.52

Mg# 48.50 48.40
Fo 75.80 75.80

Temp (°C) 1160 1160 1160
Run # 1 0 1 0 1 0

Si02 46.47 47.39 47.29
Ti0 2 3.06 3 .15 3.14
A1 2 0 3 17.42 17.98 17.73
Fe 2 0 3 1.42 1.48 1.49
Cr2$3 0.03 0 . 0 1 0.05
FeO 6 . 8 8 7.25 7.21
MnO 0 . 2 0 0.19 0 . 2 0
MgO 3.73 3.76 3 . 82
NiO 0. 07 0.13 0. 07
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 7.50 7. 6 8 7.77
Na20 5. 32 5.33 5.34
K 20 2 . 8 6 2.85 2.89
P205 0.63 0.72 0 . 60
SrO 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 95.60 97.92 97.59
Mg# 49.17 48 . 02 48.58
Fo 76.30 75. 50 75.90
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Temp (°C) 1138 1138 1138
Run # 1 2 1 2 12

Si02 47.78 47.65 48.00
Ti0 2 3 .43 3 .17 3.42
A l 203 18.17 18.11 18.22
Fe 2 0 3 1.45 1.46 1.44
Cr2$3 0 . 0 1 0 . 0 1 0 . 0 0
FeO 7.26 7.30 7.21
MnO 0.24 0.24 0 . 2 0
MgO 3 .84 3.79 3.86
NiO 0 . 0 2 0 . 06 0 . 0 1
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 7.94 7.83 7.76
N a 20 5.22 5.22 5.29
K 20 2 .87 2.84 2 . 8 6
P2°5 0.58 0. 69 0. 69
SrO 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0
TOTAL 98.79 98.37 98. 96

Mg# 48.52 48.04 48.85
Fo 75.90 75.50 76.10

Temp (°C) 
Run #

1 1 2 0 1 1 2 0 1 1 2 0

Si02 47.95 48.43 48. 62
Ti0 2 2.98 3.27 3.05
ai 2 o3* 18.04 18.05 18.37
Fe 2 0 3 1.27 1. 27 1.26
Cr2$3 0 . 0 1 0 . 0 0 0 . 0 0
FeO 6.89 6.96 7.11
MnO 0.28 0.25 0.23
MgO 3.85 3.82 3.97
NiO 0 . 1 1 0.06 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 7.94 8.06 8.03
Na20 4.84 4.70 4 . 59
k 2o 2.59 2.61 2.43
P2°5 0. 24 0 . 2 1 0.16
SrO 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 96.97 97.68 97.82

Mg# 49.89 49.44 49.90
Fo 76.80 76.50 76.90
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Temp (°C) 1104 1104 1104 1104
Run # 15 15 15 15

Si02 46.50 46.80 46.76 47.12
Ti02 3.59 3.41 3.31 3.11
Al2°3* 17.08 17.15 17.18 17.13
Fe203 1.52 1.45 1.56 1.53
Cr2p 3 0.01 0.02 0.00 0.00
FeO 7.58 7.21 7.64 7.65
MnO 0.26 0.23 0.22 0.13
MgO 3.45 3.41 3.44 3.51
NiO 0.00 0.00 0.00 0.01
CoO 0.00 0. 00 0. 00 0. 00
CaO 7.31 7.32 7.43 7.68
Na20 5.74 5.85 5.95 5.67
K20 3 .11 3.04 3 . 08 3 . 06
P 2 O 5 0.84 0.77 0.86 0. 69
SrO 0.00 0. 00 0.00 0.00
BaO 0.00 0.00 0.00 0. 00

TOTAL 96.99 96. 64 97.43 97.28

Mg# 44.79 45.71 44.52 44.98
Fo 73.00 73 .70 72.80 73.20

Temp (°C) 1089 1089 1089
Run # 17 17 17

Si02 47.82 47.39 47.67
Ti02 3 .85 3 .77 3.86
A1203* 16.69 16. 65 16.67
Fe203* 1.71 1. 68 1.71
Cr20 3 0.00 0.01 0.01
FeO 8.12 7.93 8.17
MnO 0.12 0.21 0.24
MgO 3.36 3.25 3.26
NiO 0.04 0.00 0. 00
CoO 0.00 0.00 0.00
CaO 7.27 7.20 7.10
Na20 5.63 5.65 5.58
K 20 3.23 3 .25 3.22
P 2 O 5 0. 69 0. 68 0. 63
Sro 0.00 0.00 0.00
BaO 0.00 0. 00 0. 00
TOTAL 98.54 97 . 67 98.13

Mg# 42.46 42.23 41.53
Fo 71.10 70.90 70.30
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Temp (°C) 1049 1049 1049 1049
Run # 16 16 16 16

Si02
Ti02

49.00 48. 63 50.28 49. 64
3.36 3.25 3.20 3.33

a i 2o 3* 17.17 17.15 17.56 17.55
Fe203 1.54 1.37 1.21 1.29
Cr2§3
FeO

0.02 0. 03 0. 00 0. 00
7.45 6.92 6.11 6. 54

MnO 0.19 0.29 0. 25 0.17
MgO 2.54 2.53 2.21 2.36
NiO 0.00 0.00 0.00 0.07
CoO 0.00 0. 00 0.00 0. 00
CaO 6.13 6. 02 5.40 5. 55
Na20 6.24 5.90 6.27 6.24
K 20 4.01 3.83 4.01 3.77
P 2 O 5 1.49 1.42 1.05 0.90
SrO 0. 00 0. 00 0. 00 0. 00
BaO 0.00 0.00 0. 00 0. 00

TOTAL 99.14 97.33 97.54 97.41

Mg# 37.82 39.48 39.17 39.18
Fo 67.00 68.50 68.20 68.20
* = FeO and Fe203 determined using method
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Table 3: Melt compositions for 83415 Ne-hawaiite
(one atmosphere)
Temp (°C) 1224
Run # 11
Si02 50.19
Ti02 2.33
A I 5 O 3 . 20.78
Fe2 0 3 1.12
Cr2 0 3 0.03
FeO 5.58
MnO 0.11
MgO 2.93
NiO 0.03
CoO 0.00
CaO 7.16
Na20 5.59
K 20 2.79
P 2 ° 5  0.55
SrO 0.00
BaO 0.00
TOTAL 99.19
Mg# 48.34
Fo 75.70

Temp (°C) 1197 1197 1197
Run # 8 8 8

Si02 49.83 49.81 49.63
Ti02 2.42 2.30 2.38
a 12°3* 20. 37 20. 54 20. 33
Fe20 3 1.10 1. 09 1.11
Cr2§3 0.01 0.00 0. 00
FeO 5.35 5.40 5.52
MnO 0.18 0.18 0.13
MgO 2.86 2.87 2.78
NiO 0.00 0.08 0.04
CoO 0. 00 0. 00 0. 00
CaO 7.18 7.07 6. 93
Na20 5.73 5. 61 5. 53
k 2o 2 .70 2.68 2.70
P 2 O 5 0.50 0.45 0.42
SrO 0. 00 0. 00 0. 00
BaO 0.00 0.00 0. 00

TOTAL 98.23 98.08 97.51

Mg# 48.80 48.65 47.34
Fo 76.10 76.00 75. 00
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Temp (°C) 1177 1177 1177
Run # 9 9 9

Si0 2
Ti0 2

49.91 49.32 48.83
2.31 2.42 2 . 38

AI 2 O 3 * 20.43 2 0 . 1 1 20. 09
Fe 2 0 3 1.16 1.18 1.23
Cr2§3 0 . 0 0 0 . 0 0 0 . 0 0
FeO 5.81 5.77 5.95
MnO 0.19 0.13 0 . 2 1
MgO 2.91 2.84 2.89
NiO 0 . 0 0 0. 09 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 7 . 01 6.87 6.98
Na20 5.70 5.89 5.86
K 20 2.80 2.77 2.79
p2°5 0. 63 0. 63 0. 65
SrO 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.86 98.02 97. 87

Mg# 47.17 46.73 46.44
Fo 74 .90 74.50 74 .30

Temp (°C) 1160 1160 1160 1160
Run # 1 0 1 0 1 0 1 0

Si02
Ti0 2

49.62 49.44 50.06 50.89
2.67 2.57 2.72 2.54

A 1 2 0 3* 19.91 19.75 20.17 20.73
Fe 2 0 3 1 . 2 2 1.27 1.19 1 . 0 1
c*2$3FeO

0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 2
6 . 1 2 6.30 6.15 6 . 1 0

MnO 0 . 2 0 0 . 2 1 0 . 2 0 0 . 1 1
MgO 3 . 22 3 . 27 3 .17 2.98
NiO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 6 . 62 6 . 64 6 . 65 7.29
Na20 5.89 5. 99 5.78 4.07
K 20 3.08 3 . 00 2.95 2.71
p 2°5 0. 69 0.78 0.89 0.79
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.23 99.22 99.92 99.25

Mg# 48.40 48. 07 47.90 46. 55
Fo 75.80 75. 50 75.40 74 .40
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Temp (°C) 1138 1138 1138
Run # 1 2 1 2 1 2

Si02 49.81 49.64 49.73
TiOz 2.91 2.75 2.85
AI 2 O 3 * 19.25 19.44 19.37
Fe2 0 3 1.33 1.33 1.30
Cr2§3 0 . 0 2 0 . 0 0 0 . 0 2
FeO 6.71 6.53 6 . 50
MnO 0 . 2 0 0.18 0.23
MgO 3.27 3 . 37 3 .28
NiO 0 . 0 0 0 . 0 0 0.03
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 6.28 6.38 6.32
Na20 5.79 6 . 08 5. 98
k 2o 3.20 3.21 3 .14
P 2 O 5 0.76 0. 67 0.70
SrO 0.00 0.00 0. 00
BaO 0.00 0. 00 0. 00

TOTAL 99.52 99.58 99.42

Mg# 46.45 47.94 47. 32
Fo 74.30 75.40 75.00

Temp (°C) 
Run #

1120 1120

Si02 51.43 51. 43
Ti02 2.23 2 . 34
a 12°3* 21. 02 21. 01
Fe203* 1. 01 0.98
Cr2$3 0.00 0.01
FeO 5.90 5.87
MnO 0.13 0.17
MgO 3.02 3.04
NiO 0. 00 0. 01
CoO 0. 00 0. 00
CaO 6.99 6.92
Na20 5.15 4.84
k 2o 2.64 2.69
P 2 O 5 0.27 0.29
SrO 0. 00 0. 00
BaO 0. 00 0. 00
TOTAL 99.78 99.59

Mg# 47.71 48.01
Fo 75. 30 75. 50
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Temp (°C) 1104 1104 1104
Run # 15 15 15

Si0 2 49.53 49.49 49.82
Ti0 2 3.19 2.75 2.70
a i 2 o 3* 18.56 18.58 18.42
Fe 2 03* 1.19 1 . 2 1 1.17
Cr 2 § 3 0 . 0 2 0 . 0 0 0. 04
FeO 6 . 39 6.17 6 . 69
MnO 0 . 2 2 0.17 0.26
MgO 2.97 2.99 3.00
NiO 0 . 0 0 0.05 0. 09
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 5.77 5.75 5.80
Na20 5.64 6.31 4.82
K 20 3.65 3 . 56 3 . 64
P2°5 0.95 0. 94 1. 03
SrO 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.08 97.97 97.48

Mg# 45.30 46. 37 44.44
Fo 73.40 74.20 72.70

Temp (°C) 1089 1089 1089 1089
Run # 17 17 17 17

Si02
Ti0 2

48.26 48.49 48.88 49.23
3.02 3 . 07 3 .12 3 .18

AI2O3* 17.35 17. 58 17.73 17 . 60
Fe 2 C>3 1 . 6 8 1. 59 1. 63 1. 52
Cr2§3FeO

0 . 0 0 0 . 0 0 0 . 0 2 0 . 0 0
8.08 7.69 7.85 8 . 2 0

MnO 0 . 2 0 0 . 2 0 0.23 0 . 2 1
MgO 2.94 2.97 2.97 2.98
NiO 0 . 0 0 0. 05 0 . 0 1 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 5. 65 5.74 5.72 5.72
Na20 5.76 5.84 5.96 4.57
K 20 3.67 3.54 3 . 62 3 . 56
P2O5 1.36 1. 09 1 . 1 0 1.24
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 97.97 97.85 98.84 98.01

Mg# 39.36 40.76 40.25 39. 29
Fo 68.40 69.60 69 .20 68.30
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Temp (°C) 1049 1049
Run # 16 16

Si02 48.18 49.21
Ti02 3.41 3.09
AI 2 O 3 * 16.96 16.98
Fe203* 1.43 1.30
Cr2§3 0. 01 0.03
FeO 7.08 6.72
MnO 0.32 0.26
MgO 2.65 2.53
NiO 0.00 0. 00
CoO 0.00 0. 00
CaO 5. 64 5.69
Na20 6.14 5.93
k 2o 3.86 3 . 56
P 2 O 5 1.44 1. 59
SrO 0. 00 0.00
BaO 0.00 0. 00

TOTAL 97.12 96.89
Mg# 40. 03 40.15
Fo 69.00 69.10
* = FeO and Fe203 determined using method 
given by Kilinc et al., 1983
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Table 4: Melt compositions from anorthoclase
phonolite (one atmosphere)
Temp (°C) 1177 1177 1177
Run # 9 9 9

Si0 2 55.71 55.78 56.38
Ti02 1.52 1.54 1.53
AI 2 O 3 19.45 19.53 19.69
Fe 2 03* 1. 04 1 . 0 2 1 . 0 1
Cr 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0
FeO* 4.69 4 . 60 4.70
MnO 0.32 0.26 0.30
MgO 1.44 1.41 1.41
NiO 0. 03 0 . 0 2 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 3.35 3 . 29 3 . 37
Na20 7.25 7 . 22 6.99
k 2o 4.11 4 . 22 4 .18
P 2 O 5 0.32 0 . 2 1 0.28
SrO 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.23 99 .12 99 .85

Mg# 35.36 35.35 34.91
Fo 64.60 64. 60 64.10

Temp (°C) 1160 1160 1160 1160
Run # 1 0 1 0 1 0 1 0

Si02
Ti0 2

55.98 55.86 55.95 55. 61
1.53 1.41 1.51 1.61

a 1 2°3* 19.66 19.34 19.26 19.50
Fe 2 0 3 0.99 1.03 1 . 0 2 1 . 0 1
Cr2§3FeO

0 . 0 0 0 . 0 1 0 . 0 1 0 . 0 0
4.73 4.88 4.77 4.70

MnO 0.24 0 . 2 2 0.31 0.24
MgO 1.35 1.44 1.39 1.41
NiO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 3.43 3 . 37 3 . 37 3.42
Na20 6.96 7.09 7.25 7.30
k 2o 4 . 22 4 .12 4.14 4 .15
P 2 O 5 0. 34 0. 37 0.32 0.32
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.44 99.14 99.30 99.25

Mg# 30.02 34.43 34.23 34 .81
Fo 58.80 63 . 60 63 .40 64 . 00

1160
10

55.70
1.51

19.60
0.98
0.00
4.70
0.32
1.48
0.06
0.00
3.40
6.94
4.22
0.36
0.00
0.00

99.30
36.02
65.20
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Temp (°C) 1160 1160 1160
Run # 1 0 1 0 1 0

Si0 2
Ti0 2

56.00 56.23 56.70
1.46 1.40 1.48

a 1 2°3* 19.67 19.55 19.52
Fe2 0 3 1. 03 0.98 1. 04
<*223 0 . 0 0 0 . 0 0 0 . 0 0
FeO 4.87 4.66 4.89
MnO 0.28 0.34 0.27
MgO 1.47 1.41 1.35
NiO 0 . 0 0 0 . 06 0 . 0 2
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 3.36 3.42 3.33
Na20 7.14 7.09 7.21
K 20 4.23 4.18 4 . 22
p 2°5 0.42 0.29 0.35
SrO 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.94 99.61 100.39

Mg# 34.97 35.06 33 . 03ifFo 64.20 64 .30 62 . 2 0

Temp (°C) 1138 1138 1138 1138 1138 1138
Run # 1 2 1 2 1 2 1 2 1 2 1 2

sio2 56.40 56. 64 56.35 56.48 57 . 00 56.44
Ti0 2 1. 59 1.44 1.57 1.55 1.50 1 . 6 8
ai 2 o 3 19.79 19.67 19.40 19.70 19.87 19.45
Fe 2 03* 0.97 0.91 0.99 0.96 0.94 0.95
Cr 2 o 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 2 0 . 0 0
FeO* 4.75 4.55 4.80 4.76 4.65 4.71
MnO 0.24 0.31 0.31 0.30 0 . 2 2 0 . 2 2
MgO 1.42 1.44 1.42 1.46 1.38 1.39
NiO 0 . 0 0 0 . 0 1 0. 03 0.04 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 3.36 3.25 3.45 3.40 3.23 3.30
Na20 6.90 6 . 6 6 6.85 6 . 8 6 6 . 8 8 6.74
K 20 4.12 4.22 4 .15 4.09 4 .15 4.15
p 2°5 0.29 0.25 0.28 0.25 0.16 0 . 2 2
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.83 99.34 99.60 99.84 1 0 0 . 0 0 99.25

Mg# 34.68 36.03 34.60 35.39 34.64 34.41
Fo 63.90 65.20 63.80 64.60 63.90 63.60
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Temp (°C) 1 1 2 0 1 1 2 0
Run # 13 13

Si0 2 55.92 56.25
Ti02 1.47 1.40
AI 2 O 3 * 19.74 19.55
Fe2 03* 0.97 0.94
Cr2$3 0 . 0 2 0 . 0 1
FeO 5. 01 4.86
MnO 0 . 2 0 0.32
MgO 1.48 1.42
NiO 0 . 0 2 0 . 0 0
CoO 0 . 0 0 0 . 0 0
CaO 3 . 52 3 .34
Na20 6 . 6 6 6.77
k 2o 3 . 98 3.94
P 2 O 5 0.30 0.18
SrO 0. 00 0. 00
BaO 0. 00 0. 00

TOTAL 99. 31 98.97

Mg# 34 . 51 34 .32
Fo 63 .70 63.50

Temp (°C) 1104 1104 1104 1104
Run # 15 15 15 15

S 1 0 2
Ti02

55. 06 55.16 56.07 55.45
1. 34 1.42 1. 52 1.63

a 12°3* 19.30 19.38 19.57 19.35
Fe203* 0. 94 0.94 0.93 0.91
Cr2$3FeO

0.00 0.01 0.00 0.01
4.70 4 . 63 4.76 4 . 64

MnO 0. 27 0.26 0.28 0.28
MgO 1.41 1.41 1.55 1.44
NiO 0.04 0.01 0. 05 0.00
CoO 0. 00 0. 00 0. 00 0.00
CaO 3 . 29 3.23 3.22 3.26
Na20 7.35 7.48 7.22 7.16
k 2o 4.19 4.25 4.31 4.22
P 2 O 5 0.48 0.42 0. 48 0.58
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.38 98.60 99.95 98.93

Mg# 34.81 35.20 36.71 35.63
Fo 64.00 64.40 65.90 64.90
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Temp (°C) 
Run #

Si02
Ti02
ai 2 o 3
Fe 2 0 3
Cr293FeO
MnO
MgO
NiO
CoO
CaO
Na20
K 20
P 2 O 5SrO
BaO
TOTAL
Mg#
Fo

1089 1089 1089 1089 1089
17 17 17 17 17

55.29 55.16 55.93 55.77 55.75
1.43 1.50 1.35 1.43 1.38

19.13 19. 08 19.28 19.34 19.35
0.99 0.99 1 . 0 1 0.98 0.99
0 . 0 0 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 0
4.84 4.83 5. 01 4.83 5.04
0.23 0.38 0.26 0.28 0.26
1.41 1.39 1.41 1.43 1.42
0 . 0 0 0 . 0 2 0 . 0 0 0 . 0 0 0 . 0 2
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
3.29 3.34 3 . 22 3 .30 3.28
7.01 7.11 6.92 7.07 6 . 6 8
4.13 4.10 4.12 4.13 4.08
0.26 0.37 0.36 0.25 0.35
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

98.01 98.27 98.88 98 .81 98.60

34.20 33.85 33 .48 34 . 59 33 .50
63.40 63 . 00 62.70 63.80 62.70

Temp (°C) 1049 1049 104!
Run # 16 16 16

SiC>2 55.46 55.43 55.80
Ti0 2 1.70 1.39 1.75
a i 2 o 3 18.22 18.30 18. 06
Fe 2 0 3 1 . 0 1 1.07 1 . 06
Cr2$3 0 . 0 0 0 . 0 2 0 . 0 0
FeO 5.59 5. 60 5.54
MnO 0.35 0.36 0. 38
MgO 1.59 1.64 1.70
NiO 0 . 0 0 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 2.90 2.90 2.81
Na20 7.13 6.85 6.94
K 20 4.55 4.34 4.30
P 2 O 5 0.39 0. 52 0.43
SrO 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0
TOTAL 98.89 98.41 98.78
Mg# 33.67 34.35 35. 38
Fo 62.90 63 . 60 64 . 60
* = FeO and Fe203 determined using method
given by Kilinc et al., 1983
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Appendix E

239

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Table 1: Olivine compositions of basanite (one atmosphere)

Temp (°C) 1224 1224 1224 1224 1224 1224
Run # 11 11 11 11 11 11

Si02
Ti02

39.95 39.58 39.16 39.63 38.59 39.73
0. 03 0.10 0. 02 0. 05 0. 08 0.08

A 1 20 3 0.09 0.12 0.11 0.11 0.11 0.14
Fe203 0. 00 0. 00 0. 00 0.00 0. 00 0.00
Cr2$3FeO

0. 00 0. 00 0. 00 0.00 0. 00 0.00
12.59 12.55 12.35 12 . 56 12 . 44 12.72

MnO 0.17 0.15 0.16 0.18 0. 22 0.20
MgO 45.87 45.84 45.65 46.08 46.06 45.64
NiO 0.11 0.11 0. 24 0.16 0.20 0.16
CoO 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
CaO 0. 53 0.47 0.47 0.48 0.48 0.52
Na20 0. 03 0. 00 0. 00 0. 02 0. 02 0.03
k 2o 0. 02 0. 00 0. 00 0. 01 0. 01 0. 03
P 2 O 5 0.04 0. 02 0. 08 0. 02 0. 08 0.07
SrO 0. 00 0. 00 0. 00 0.00 0. 00 0.00
BaO 0. 00 0. 00 0. 00 0. 00 0. 00 0.00

TOTAL 99.43 98.95 98.25 99.29 98 . 29 99.30

Fo 86.80 86.87 86. 93 86. 87 87. 06 86.36
Fa 13.20 13.13 13 . 07 13 .13 12 . 94 13 . 64

Temp (°C) 1197 1197 1197 1197
Run # 8 8 8 8

Si02 39.77 40.29 39.75 39.78
Ti02 0.04 0.05 0. 05 0.07
a i 2o 3 0.07 0. 11 0. 07 0. 08
Fe203 0. 00 0. 00 0. 00 0. 00
Cr2$3 0. 00 0. 00 0. 00 0. 00
FeO 13.51 13 . 37 13 .45 13 .47
MnO 0.20 0.23 0.17 0.21
MgO 45.41 46.19 44.84 45.19
NiO 0.00 0.00 0.00 0.00
CoO 0. 00 0. 00 0. 00 0. 00
CaO 0.55 0.50 0.52 0. 54
Na20 0.00 0. 02 0.04 0. 00
k 2o 0.03 0. 01 0. 01 0.00
P 2 O 5 0. 03 0. 06 0. 01 0.03
SrO 0. 00 0. 00 0. 00 0. 00
BaO 0.00 0.00 0.00 0.00

TOTAL 99.67 100.92 99.01 99.45

Fo 85.86 85.86 85.79 85.79
Fa 14.14 14 .14 14.21 14 .21
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Temp (°C) 1177 1177
Run # 9 9

SiC>2 39.76 39.77
Ti0 2 0.17 0 . 0 2
A12C>3 0.08 0.08
Fe 2 0 3 0 . 0 0 0 . 0 0
Cr2§3 0 . 0 0 0 . 0 0
FeO 13.93 14.16
MnO 0.24 0.23
MgO 44.48 44.47
NiO 0. 09 0.14
CoO 0 . 0 0 0 . 0 0
CaO 0.57 0.59
Na20 0 . 0 0 0 . 0 2
k 2o 0 . 0 0 0 . 0 0
P 2 O 5 0.03 0 . 0 0
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 99.34 99.47
Fo 85.20 84.77
Fa 14.80 15.23

Temp (°C) 1160 1160
Run # 1 0 1 0

Si02 39.24 39. 30
Ti0 2 0 . 0 1 0. 05
Al 2 0 3 0.09 0. 09
Fe 2 0 3 0 . 0 0 0 . 0 0
Cr 2 § 3 0 . 0 0 0 . 0 0
FeO 15.30 15. 37
MnO 0 . 2 0 0.19
MgO 43 . 53 43 . 01
NiO 0 . 06 0 . 1 2
CoO 0 . 0 0 0 . 0 0
CaO 0.55 0.56
Na20 0 . 0 2 0 . 0 2
K 20 0 . 0 1 0 . 0 1
P 2 O 5 0 . 0 2 0 . 0 1
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0
TOTAL 99.03 98.72

Fo 83 . 33 83.25
Fa 16. 67 16.75

1177 1177 1177
9 9 9

40.00 40.17 39.26
0.06 0. 04 0 . 06
0. 05 0. 09 0. 09
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0.03

14.39 14.29 14.59
0.19 0 . 2 1 0 . 2 1

44.26 44.97 43 .72
0 . 1 2 0 . 2 1 0 . 1 1
0 . 0 0 0 . 0 0 0 . 0 0
0.63 0.56 0.49
0.03 0.05 0 . 0 0
0. 03 0 . 0 0 0 . 0 0
0 . 06 0. 03 0.05
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0

99 .82 100.63 98.60

84 . 69 84.77 84 .23
15. 31 15.23 15.77

1160 1160
1 0 1 0

39.08 39.15
0 . 08 0. 03
0.08 0.07
0 . 0 0 0 . 0 0
0 . 0 0 0.03

15.12 15.16
0.24 0 . 2 0

43.60 43.54
0.15 0. 07
0 . 0 0 0 . 0 0
0.48 0.57
0 . 0 1 0. 04
0 . 0 0 0 . 0 1
0. 05 0. 05
0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0

98.89 98.92

83.84 83 . 6 6
16.16 16.34
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Temp (°C) 1138 1138 1138 1138 1138 1138
Run # 12 1 2 12 1 2 1 2 1 2

Si02
Ti0 2

39.22 39.10 39. 00 39.22 39.15 39.13
0.17 0.13 0. 07 0.04 0 . 0 0 0.03

AI 2 O 3 0.04 0.07 0.07 0 . 1 0 0. 09 0 . 06
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

FeO
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

16.13 15.80 15.99 16. 04 16.18 15.84
MnO 0.27 0.26 0.25 0.27 0.26 0.27
MgO 43.04 43 . 37 43.30 43.48 43.41 43.33
NiO 0.06 0 . 1 0 0 . 1 0 0.17 0.13 0.09
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.58 0 . 60 0. 56 0. 54 0. 58 0.59
Na20 0 . 0 2 0 . 0 2 0 . 0 0 0 . 0 2 0 . 0 2 0 . 0 1
k 2o 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
P2°5 0. 03 0. 04 0 . 0 0 0 . 0 2 0 . 0 0 0.07
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99.58 99.51 99.33 99.91 99.81 99.45

Fo 83.25 82.83 82.83 82.83 82.83 82.83
Fa 17.26 17.17 17.17 17 .17 17.17 17.17

Temp ( O a to O 1 1 2 0 1 1 2 0 1 1 2 0 1 1 2 0
Run # 13 13 13 13 13

Si02 38.31 38.37 38.14 38.00 37.98
Ti0 2 0 . 1 0 0.17 0.14 0.14 0. 03
ai 2 o 3 0. 09 0.07 0 . 08 0 . 08 0. 07
Fe2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2$3 0.05 0.05 0.05 0 . 0 0 0 . 0 0_ “  tcFeO 18. 05 18.15 18.00 18. 08 18.27
MnO 0.30 0.18 0.27 0.31 0 . 28
MgO 41.35 41.54 41.39 41. 54 40.98
NiO 0.15 0.13 0.13 0.16 0.15
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.47 0.48 0.45 0.46 0.45
Na20 0 . 0 2 . 0 . 0 0 0 . 0 0 0.03 0 . 0 0
K 20 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
P2°5 0.04 0 . 0 2 0. 09 0. 05 0. 04
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
TOTAL 98.94 99.17 98.74 98 .85 98.26

Fo 80. 33 80. 31 80. 39 80. 38 79. 99
Fa 19.67 19.31 19.61 19. 62 2 0 . 0 1

242

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Temp (°C) 1104 1104
Run # 15 15

Si0 2 38.01 37.89
Ti0 2 0.05 0 . 1 2
A I 2 O 3 0.08 0.05
Fe 2 0 3 0 . 0 0 0 . 0 0
c^2$3 0 . 0 0 0 . 0 0
FeO 21.62 21.06
MnO 0.30 0.36
MgO 37.86 38.52
NiO 0.13 0.16
CoO 0 . 0 0 0 . 0 0
CaO 0.50 0.61
Na20 0 . 0 0 0 . 0 1
k 2o 0 . 0 1 0 . 0 1
P 2 O 5 0 . 0 0 0. 04
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 98.55 98.84
Fo 75.74 76.53
Fa 24.26 23 .47

4>FeO == total iron
Fo = :forsterite, Fa = f
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Table 2: Olivine compositions for
DVDP2 hawaiite (one atmosphere)
Temp (°C) 1104 1104
Run # 15 15
Si02 36.81 37.12
Ti0 2 0.07 0 . 1 2
A 1 2 0 3 0.08 0.05
Fe 2 0 3 0.00 0.00
Cr223 0 . 0 0  0 . 0 1
FeO 23.23 23.17
MnO 0.53 0.60
MgO 36.55 36.74
NiO 0.00 0.00
CoO 0.00 0.00
CaO 0.55 0.49
Na20 0.00 0.07
K 20 0.01 0.03
P 2 0 5 0.27 0.11
SrO 0 . 0 0  0 . 0 0
BaO 0.00 0.00
TOTAL 98.10 98.51
Fo 73.72 73.87
Fa 26.28 26.13

Temp (°C) 1089

0 . 00

TOTAL 98.58
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Temp (°C) 1049 1049 1049
Run # 16 16 16

SiC>2 39.29 36.51 36. 60
Ti0 2 0.74 0.24 0.26
AI 2 O 3 3.93 0 . 06 0.05
Fe2 0 3 0 . 0 0 0 . 0 0 0 . 0 0
Cr2$3 0 . 0 2 0 . 0 0 0 . 0 2
FeO 24.49 27.73 28.61
MnO 0.69 0.79 0.90
MgO 26.28 32 . 02 31.46
NiO 0 . 0 1 0 . 0 0 0. 04
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 1.69 0.55 0. 55
Na20 1 . 2 0 0. 04 0. 04
k 2o 0.78 0. 03 0. 03
P 2 O 5 0.25 0 . 08 0. 09
SrO 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 99. 36 98. 04 98.65

Fo 65.67 67.30 6 6 . 2 2
Fa 34.33 32.70 33.79
FeO* = total iron
Fo = forsterite, Fa = fayalite
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Table 3: Olivine compositions of
83415 Ne-hawaiite (one atmosphere)

Temp (°C) 1104 1104
Run # 15 15

Si0 2 38.62 37.61
Ti0 2 0. 09 0 . 1 2
a i 2 o 3 0 . 06 0 . 2 1
Fe 2 0 3 0 . 0 0 0 . 0 0
C^2§3 0.06 0 . 0 0
FeO 15.40 23 .42
MnO 0.27 0.53
MgO 42.84 36.16
NiO 0 . 1 0 0 . 08
CoO 0 . 0 0  - 0 . 0 0
CaO 0.33 0.49
Na20 0 . 0 0 0 . 06
k 2o 0 . 0 0 0 . 0 0
P 2 O 5 0. 04 0 . 1 1
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 97.81 98.81

Fo 83.22 73.35
Fa 16.78 26. 65

Temp (°C) 1089 1089
Run # 17 17

Si02 36.10 36.71
Ti0 2 0 . 0 0 0 . 0 0
ai 2 o 3 0 . 08 0. 07
Fe 2 C>3 0 . 0 0 0 . 0 0
Cr2$3 0 . 0 0 0 . 0 0
FeO 26. 67 27 .10
MnO 0.65 0.59
MgO 32.79 33.29
NiO 0 . 06 0 . 0 2
CoO 0 . 0 0 0 . 0 0
CaO 0.39 0.40
Na20 0.05 0. 07
k 2o 0 . 0 0 0 . 0 0
P 2 O 5 0.03 0. 07
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 96.82 98 .31
Fo 6 8 . 67 6 8 . 65
Fa 31.33 31.35

1089 1089 1089
17 17 17

36.51 36.55 34.95
0.04 0. 05 0.08
0.07 0.05 0 . 1 1
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 1

26.90 27.15 26.71
0.62 0.62 0. 57

33.32 32.79 33.59
0 . 0 1 0.05 0 . 06
0 . 0 0 0 . 0 0 0 . 0 0
0.40 0.39 0. 38
0. 04 0. 03 0. 04
0 . 0 1 0 . 0 0 0 . 0 0
0.06 0. 04 0 . 08
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0

97.97 97.72 96.57
68.83 68.29 69.15
31.17 31.71 30.85
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Temp (°C) 1049 1049 1049 1049 1049
Run # 16 16 16 16 16

Si0 2
Ti0 2

36.41 36.18 36. 64 36. 60 36.22
0. 07 0 . 06 0 . 06 0 . 0 1 0.14

ai 2 o 3 0.07 0. 05 0. 07 0. 07 0 . 06
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2§3FeO

0 . 0 0 0 . 0 0 0 . 0 2 0 . 0 1 0 . 0 0
27.36 27.00 27.65 27.87 27.94

MnO 0.72 0.78 0.80 0.73 0.83
MgO 32.24 32 .13 31.92 32.61 32.18
NiO 0. 04 0 . 0 1 0 . 0 0 0 . 0 0 0.06
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 0.49 0.46 0.47 0. 39 0.46
Na20 0 . 0 2 0 . 08 0 . 0 0 0 . 0 0 0 . 08
k 2o 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 1
P 2 O 5 0 . 06 0 . 06 0.05 0. 04 0. 03
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 97.49 96.81 97.68 98.34 98.00

Fo 67.74 67.96 67.30 67 . 60 67.25
Fa 32.26 32 . 04 32.70 32.40 32.75

FeO* = total iron
Fo = forsterite, Fa = fayalite
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Table 4: Clinopyroxene compositions
from basanite (one atmosphere)
Temp (°C) 1138 1138
Run # 1 2 1 2

Si0 2 43.45 43 .16
Ti0 2 4.57 4.78
A 1 2 C>3 9.42 9.82
Fe2 0 3 0 . 0 0 0 . 0 0
Cr2$3 0 . 0 0 0 . 0 0
FeO 4.92 4.88
MnO 0 . 06 0 . 0 1
MgO 12.29 12.13
NiO 0 . 1 0 0. 03
CoO 0 . 0 0 0 . 0 0
CaO 22.94 22.74
Na20 0. 34 0. 35
K20 0 . 0 0 0 . 0 0
P 2 O 5 0 . 0 2 0 . 0 0
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0
TOTAL 98.11 97.90

En 39.12 38.76
Fs 8.94 8.99
Wo 51.96 52 . 25
En+ 43.21 43 .13
Fs+ 9.88 1 0 . 0 0
Wo+ 46.91 46.88

1138 1138 1138
1 2 1 2 1 2

47.39 48. 02 47.73
2.73 2 . 8 8 2.82
5.91 5.81 5.92
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0
4 .74 4.75 4.53
0 . 06 0 . 08 0 . 1 1

14.17 14 . 39 14.42
0 . 0 1 0 . 0 2 0 . 06
0 . 0 0 0 . 0 0 0 . 0 0

22.77 22.93 22.80
0.31 0.30 0.29
0 . 0 2 0 . 0 0 0 . 0 0
0 . 0 2 0 . 0 0 0 . 0 1
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0

98 .14 99.17 98.70
42.78 42.78 43 . 24
8 . 0 2 8 . 0 2 7.57

49.20 49.20 49.19
45.20 45. 20 45.71
8.47 8.47 8 . 0 0

46.33 46.33 46.29
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Temp (°C) 1 1 2 0 1 1 2 0
Run # 13 13

SiC>2 44.64 44.12
Ti0 2 3.40 3 .77
AI 2 O 3 7.95 8 . 6 8
Fe 2 0 3 0 . 0 0 0 . 0 0
Cr2§3 0.51 0.70
FeO 5.32 5.31
MnO 0 . 0 1 0.13
MgO 13.41 12.80
NiO 0 . 0 0 0.09
CoO 0 . 0 0 0 . 0 0
CaO 21.60 22 . 04
Na20 0.27 0.29
K20 0 . 0 0 0 . 0 1
P 2 O 5 0 . 0 1 0. 03
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 97.13 97.97
En 42.02 40. 49
Fs 9.36 9.42
Wo 48.62 50. 09

En+ 45.51 44.51
Fs+ 10.81 10. 37
Wo+ 44.31 45.12

1 1 2 0 1 1 2 0 1 1 2 0
13 13 13
C r c

44.49 42.77 44.64
3.81 4.69 3.63
8.46 1 1 . 8 6 8 . 0 1
0 . 0 0 0 . 0 0 0 . 0 0
0.54 0.36 0.62
5. 55 6.87 5.78
0 . 08 0. 09 0. 09

13.18 10.13 13.20
0. 05 0 . 0 0 0 . 0 1
0 . 0 0 0 . 0 0 0 . 0 0

21.76 18.72 21.55
0.31 0.99 0.24
0 . 0 1 0.41 0 . 0 0
0 . 0 2 0 . 2 2 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0

98.27 97.12 97.79
41. 26 36.92 41.35
9.75 14.05 10.15

48.99 49. 03 48.50

44.85 41.73 45.18
10.91 15.83 10.84
44.24 42.45 43.98
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Temp (°C) 1104 1104
Run # 15 15

SiC>2 45.10 42.87
Ti0 2 4.02 5.34
AI 2 O 3 7.36 8.94
Fe 2 0 3 0 . 0 0 0 . 0 0

0 . 0 2 0 . 0 2
FeO 6.70 6.62
MnO 0 . 1 2 0.15
MgO 12 .94 1 1 . 1 2
NiO 0 . 08 0. 04
CoO 0 . 0 0 0 . 0 0
CaO 22.44 21.78
Na20 0.44 0 . 62
K20 0 . 0 1 0. 04
P 2 O 5 0.04 0.15
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 99.27 97.69
En 39.43 36.47
Fs 11.44 12.19
Wo 49.13 51.35
En+ 42.94 40.51
Fs+ 12 .35 13 .29
Wo+ 44.71 46.20

FeO* = total iron
En = enstatite, Fs = ferrosilite, Wo = wollastonite 
En+, Fs+, Wo+ = Ca Tschermak (CaAl2 SiOg) corrected
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Table 5: Clinopyroxene compositions from
DVDP2 hawaiite (one atmosphere)
Temp (°C) 1104 1104
Run # 12 12

Si02 47.46 45.65
Ti02 2.35 3 .30
AI 2 O 3 4.61 6. 27
Fe 2 0 3 0. 00 0. 00
Cr2$3 0.00 0.04
FeO 6.98 7.92
MnO 0.21 0.19
MgO 13 . 08 12.17
NiO 0. 06 0.06
CoO 0. 00 0. 00
CaO 21.86 21.61
Na20 0.55 0. 68
k 2o 0.02 0.03
P 2 O 5 0.08 0.10
SrO 0. 00 0. 00
BaO 0. 00 0. 00
TOTAL 97.25 98 . 01
En 39.99 37.87
Fs 11.97 13.83
Wo 48. 04 48.31
En+ 42.13 40.70
Fs+ 12.36 14.53
Wo+ 45.51 44.77
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Temp (°C) 1049 1049 1049
Run # 16 16 16

Si0 2 47.05 44.89 48.30
Ti0 2 3.19 3.83 2.44
a i 2o 3 5.92 6.92 4.66
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0
Cr2§3 0.03 0 . 0 0 0 . 0 0
FeO 7.65 7.59 7.31
MnO 0 . 2 1 0.24 0 . 2 0
MgO 11.98 1 1 . 62 13.00
NiO 0 . 0 2 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0 0 . 0 0
CaO 21.50 21.38 2 2 .18
Na->0 0.72 0 . 60 0. 52
k 2o 0 . 1 2 0. 03 0 . 0 2
P 2 O 5 0.05 0.04 0 . 1 2
SrO 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.42 97 .14 98.72

En 37.77 37.19 39.35
Fs 13.52 13 . 62 12.41
Wo 48.71 49.18 48.25

En+ 40 41.07 41.13
Fs+ 14.12 14.88 12 . 96
Wo+ 45.88 45.24 45.92

FeO* = total iron
En = enstatite, Fs = ferrosilite, Wo
En+, Fs+, Wo+ = Ca Tschermak (CaAl2 S:
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Table 6: Plagioclase compositions from
the basanite (one atmosphere)
Temp (°C) 1104 1104
Run # 15 15

Si0 2 48.25 49.25
Ti02 1 . 0 0 0.47
a i 2 o 3 29.08 30.31
Fe 2 0 3 0 . 0 0 0 . 0 0
Cr2§3 0.03 0 . 0 0
FeO 1.77 0.76
MnO 0.06 0 . 0 0
MgO 0 . 6 6 0 . 2 2
NiO 0. 05 0 . 0 2
CoO 0 . 0 0 0 . 0 0
CaO 13.47 13 .30
Na20 3.26 3.48
k 2o 0. 69 0.46
P 2 O 5 0.24 0.07
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 98.55 98.34
An 66.76 65.98
Ab 29.20 31.29
Or 4.05 2 . 73
1-1FeO = total iron
An = anorthite, Ab = albite, Or = or
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Table 7: Plagioclase compositions from the DVDP2 hawaiite
(one atmosphere) 
Temp (°C) 1104 1104 1104 1104
Run # 15 15 15 15

S 1 O 2
Tio 2

51.74 51.38 52.05 51. 63
0.20 0.22 0. 23 0.15

A12C>3 29.04 29. 04 29.24 29.51
Fe203 0. 00 0. 00 0. 00 0. 00
Cr2§3FeO

0. 00 0. 02 0. 01 0.00
0.57 0. 52 0.53 0.39

MnO 0.00 0.01 0.00 0.00
MgO 0.13 0.10 0. 08 0.10
NiO 0.01 0. 00 0. 05 0. 00
CoO 0. 00 0. 00 0. 00 0.00
CaO 11.91 12 . 08 11.81 12 .16
Na20 4.12 4 .26 4.56 4.21
k 2o 0.50 0.45 0.46 0.42
P 2 O 5 0. 06 0. 03 0. 00 0.04
SrO 0.00 0.00 0.00 0.00
BaO 0.00 0. 00 0. 00 0.00

TOTAL 98. 27 98.10 99.01 98.60

An 59.70 59.45 57 .31 59.97
Ab 37.33 37.93 40.05 37.57
Or 2 . 97 2 . 63 2.64 2.46

Temp (°C) 1089 1089 1089
Run # 17 17 17

Si02 51.44 51.39 52.36
Ti02 0.26 0.15 0.17
AI 2 O 3 29.36 29.87 29. 02
Fe 2 0 3 0.00 0. 00 0. 00
Cr2$3 0. 00 0. 00 0. 04
FeO 0.58 0.59 0.82
MnO 0.02 0.03 0.00
MgO 0.10 0.10 0.21
NiO 0. 00 0. 00 0. 00
CoO 0.00 0. 00 0. 00
CaO 12.33 12.46 11. 90
Na20 3.94 3.96 4.24
k 2o 0.46 0.45 0.57
P 2 O 5 0. 07 0. 04 0. 06
SrO 0.00 0. 00 0. 00
BaO 0.00 0. 00 0. 00

TOTAL 98.56 99.04 99.38
An 61.64 61.81 58.76
Ab 35. 60 35.54 37.89
Or 2.76 2.65 3.35
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Temp (°C) 
Run #

1049 1049
16 16

1049
16

SiC>2 54.03
Ti02 0.24
ai 2 o 3 28.08
Fe 2 0 3 0. 00
Cr2$3 0. 00
FeO 0. 62
MnO 0.00
MgO 0.08
NiO 0.01
CoO 0. 00
CaO 10. 37
Na20 4.90
k 2o 0. 69
P 2 O 5 0. 06
SrO 0. 00
BaO 0. 00

TOTAL 99.08

An 51. 68
Ab 44.24
Or 4.08

FeO* = total iron
An = anorthite, Ab

52 . 32 54 .34
1. 62 0.13

23 .34 28 . 67
0. 00 0. 00
0. 00 0.01
4.34 0.49
0.10 0. 04
1.20 0. 09
0.00 0. 00
0. 00 0.00
8.38 10. 61
5.27 4.90
2.22 0.66
0. 58 0.00
0. 00 0. 00
0. 00 0. 00

99.37 99.92
40.75 52 . 38
46.37 43.77
12.89 3.86

albite, Or = orthoclase
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Table 8: Plagioclase compositions from
the 83415 Ne-hawaiite (one atmosphere)
Temp (°C) 1160
Run # 1 0

Si02 52.16
Ti0 2 0.25
A 1 2 C>3 29.90
Fe 2 C>3 0 . 0 0
Cr 2 P3 0 . 0 0
FeO 0.42
MnO 0 . 0 1
MgO 0 . 1 2
NiO 0.04
CoO 0 . 0 0
CaO 12.13
Na20 4.09
k 2o 0.43
P 2 O 5 0 . 06
SrO 0 . 0 0
BaO 0 . 0 0

TOTAL 99. 60

An 60.82
Ab 37.11
Or 2.06

Temp (°C) 1138
Run # 1 2

Si02 51.51
Ti0 2 0 . 2 0
a 1 2°3 30.30
Fe 2 0 3 0 . 0 0
Cr2§3 0 . 0 0
FeO 0.34
MnO 0 . 0 0
MgO 0 . 0 2
NiO 0 . 1 0
CoO 0 . 0 0
CaO 12 . 50
Na20 4.09
k 2o 0.37
P 2 O 5 0 . 0 1
SrO 0 . 0 0
BaO 0 . 0 0

TOTAL 99.44
An 61.62
Ab 36.36
Or 2 . 0 2

1160 1160
1 0 1 0

52.03 51.56
0.39 0 . 2 0

29.95 31. 03
0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0
0.78 0.43
0 . 0 2 0.04
0.31 0 . 1 0
0 . 0 1 0 . 0 0
0 . 0 0 0 . 0 0

12.47 13 . 08
3 .94 3.78
0.57 0.36
0. 04 0 . 06
0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0

100.51 100.64
61. 62 64 . 29
35.35 32.65
3.03 2.04
1138

1 2

51. 6 8
0.29

29.99
0 . 0 0
0 . 0 0
0.27
0 . 0 1
0 . 0 1
0.07
0 . 0 0

12.29
4 . 07
0.40
0 . 06
0 . 0 0
0 . 0 0

99.15
61. 2 2
36.73
2 . 04

1160 1160
1 0 1 0

52.07 51.00
0.15 0.14

31.12 29.75
0 . 0 0 0 . 0 0
0 . 0 0 0. 03
0.45 0. 59
0 . 0 0 0 . 0 0
0 . 08 0 . 2 1
0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0

13 .10 12 .32
3 .70 3 . 67
0. 34 0.45
0. 05 0. 05
0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0

101.06 98.22
64 .29 63.21
32.65 34.04
2 . 04 2.75
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Temp (°C) 1104 1104
Run # 15 15

Si0 2 53.99 53.35
Ti0 2 0 . 2 0 0.13
ai 2 o 3 27.95 28.67
Fe 2 0 3 0 . 0 0 0 . 0 0
Cr2§3 0 . 0 2 0 . 0 1
FeO 0.33 0.38
MnO 0 . 0 0 0 . 0 0
MgO 0.07 0.14
NiO 0 . 0 0 0. 03
CoO 0 . 0 0 0 . 0 0
CaO 10.19 10.80
Na20 5.10 4.54
K 20 0 . 60 0. 58
P 2 O 5 0 . 0 0 0 . 0 1
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 98.46 98.63

An 50. 61 54.79
Ab 45.82 41.70
Or 3.57 3 . 51

Temp (°C) 1089 1089
Run # 17 17

1089
17

SlOo
Ti0 2AI9O3
Fe 20 3
cr2$3FeO
MnO
MgO
NiO
CoO
CaO
Na20
K 20
P 2 O 5
SrO
BaO

54.58 
0.24 

27.50 
0.00 
0 . 00 
0.26 
0.01 
0.09 
0 . 00 
0.00 
9.76 
5.34 
0.74 
0 . 01 
0 . 00 
0.00

52.54 
0.19 

29.30 
0.00 
0.05 
0.45 
0. 00 
0 . 08 
0. 03 
0 . 00

11.32 
4 .32 
0. 50 
0 . 00 
0 . 00 
0 . 00

55. 20 
0.15 

27.29 
0.00
0 ,
0 ,

00
29

0 . 00 
0. 07 
0 . 00 
0 . 00 
9.54 
5. 56
0 ,
0 ,
0 ,
0 ,

76
08
00
00

TOTAL 98.54 98.78 98.93

An
Ab
Or

48. 09
47.55 
4.36

57.32 
39.64 
3 . 04

46.53
49.04
4.44
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Temp (°C) 1049 1049
Run # 16 16

Si0 2 55.47 54.93
Ti0 2 0.23 0 . 08
ai 2 o 3 27.41 27.62
Fe 2 0 3 0 . 0 0 0 . 0 0
Cr2$3 0 . 0 0 0 . 0 1
FeO 0. 57 0.46
MnO 0 . 0 0 0 . 0 0
MgO 0.05 0. 07
NiO 0 . 0 0 0 . 0 0
CoO 0 . 0 0 0 . 0 0
CaO 9.50 9.52
Na20 5.31 5.20
k 2o 0.79 0.77
P 2 O 5 0. 03 0. 04
SrO 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0

TOTAL 99. 37 98.70
An 47.40 47.96
Ab 47.90 47.44
Or 4.70 4 . 60
FeO* = total iron
An = anorthite, Ab = albite orthoclase
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Table 9: Anorthoclase compositions from
the anorthoclase phonolite (one atmosphere)
Temp (°C) 1049 1049 1049 1049 1049
Run# 16 16 16 16 16

SlOo
Ti0 2

58.86 59.56 57.95 58.83 58.44
0 . 1 0 0.15 0.27 0.17 0 . 1 1

AI 2 O 3 24.87 25.37 24.73 25.58 25.45
Fe 2 0 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Cr2$3FeO

0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0
0.36 0. 54 0.81 0.46 0.42

MnO 0 . 0 2 0. 05 0.07 0. 03 0 . 0 0
MgO 0.04 0 . 1 0 0.17 0. 04 0.05
NiO 0 . 0 0 0 . 0 0 0. 05 0 . 0 2 0.03
CoO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
CaO 6.57 6 . 60 6.80 6.92 6.96
Na20 6.67 6 . 53 6.41 6 . 61 6.76
k 2o 1.30 1. 27 1.32 1.13 1 . 1 1
P 2 O 5 0 . 0 2 0. 04 0. 05 0 . 0 2 0. 04
SrO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
BaO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TOTAL 98.81 1 0 0 . 2 1 98.62 99.81 99. 37

An 32.54 33 .14 34.05 34 . 24 33.92
Ab 59.89 59.28 58.10 59.13 59.62
Or 7.65 7.58 7.85 6 . 63 6.46

FeO* = total iron
An = anorthite, Ab = albite, Or = orthoclase
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