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ABSTRACT OF THE THESIS
Partial Melting Experiments on Chondritic Precursors:
A Possible Origin for Eucrites and the Basaltic Achondrite Planetoid
by JOSEPH S. BOESENBERG
Thesis Director

Dr. Jeremy S. Delaney

Partial melting experiments on synthetic analogues and natural samples of Murchison and
a mixture of 70% H-chondrite - 30% CM-chondrite were conducted to investigate the origins of
eucrites and the basaltic achondrite planetoid (BAP). The experiments show that if eucrites
were produced by partial equilibrium melting of a chondritic precursor, fractionation of Fe
metal and olivine is required on BAP to produce appropriate Fe-Mn-Mg systematics. The
eucrites can also be produced by equilibrium crystallization, as well as by fractional melting of
the modified H-CM precursor. A comparison between the experiments indicates that the H-CM
composition not only matches the oxygen isotope constraint, but is a more appropriate
precursor than Murchison since less extensive fractionation is required to produce eucritic
melts. The only problem with H-CM composition is a massive overabundance of alkali
elements. Production of an H-CM precursor is possible through the collision of two asteroids,

and the subsequent melting of that newly formed parent planetoid.
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Introduction

Meteorites can be classified into three major families: the iron meteorites, the stony
meteorites, and the stony-iron meteorites (GLASS, 1982). The iron meteorites consist almost
exclusively of iron and nickel metal, while the stony meteorites consist of mainly silicate
material, and the stony-irons consist of both silicate and metal. Of these three groups, the
stony meteorites are by far the most abundant and can be further subdivided into two groups:
the chondrites or those meteorites which contain small silicate spheres called chondrules, and
the achondrites, those meteorites which do not have chondrules (GLASS, 1982). Eucrites,
which are the meteorites of interest in this study, belong to a subgroup of the achondritic
meteorites known as the basaltic achondrites. The basaltic achondrites constitute the largest
group of achondritic meteorites (JUREWICZ et al., 1993; MASON et al. 1979), with the
eucrites being their most numerous member.

The mineralogy of eucrites consists predominantly of pigeonite, plagioclase, the silica
polymorphs of tridymite and quartz, with small additions of accessory phases such as augite,
ilmenite, chromite, phosphates, troilite, and metal.

Texturally, most eucrites are breccias, containing lithic clasts with basaltic textures.
However, some eucrites are interpreted to have cumulate textures (CONSOLMAGNO and
DRAKE, 1977).

The two other members of the basaltic achondrites, that are often associated with the
eucrites, are the diogenites and the howardites. The diogenites consist almost entirely of
orthopyroxene with minor amounts of the accessory phases of augite, pigeonite, plagioclase,
olivine, chromite, troilite, tridymite, quartz, and metal, while the howardites are breccias that
have a mineralogy similar, but not identical, to a combination of diogenites and eucrites
(McCARTHY et al, 1973; MASON et al, 1979). Based on overlapping oxygen isotope
signatures, the eucrites, diogenites and howardites appear to originate from the same parent
body (CLAYTON, 1993). Since the eucrites and diogenites both appear to have crystallized in

relatively low pressure environments, probably at or near the surface, they may represent



different lithologic provinces of the same parent body that are dominated by different rock
types or they may be two different lithologies in a layered crust on the parent body (TAKEDA,
1979;: DELANEY 1986b, 1986c). The howardites, in either case, probably resulted from
impact events that mixed and further processed pre-existing eucrite and diogenite lithologies
(WARREN, 1985).

At present, the best candidate for the parent body of the eucrites, as well as the
diogenites and howardites, is the asteroid 4 Vesta. Vesta has an optical reflectance spectral
pattern that is similar to the spectral data obtained from actual samples, such as the eucrites
Nuevo Laredo (McCORD et al, 1970), Nobleborough (FEIERBERG and DRAKE, 1980),
Béréba, and Pasamonte (BINZEL and XU, 1993); the diogenite, Johnstown (BINZEL and XU,
1993), and the howardite, Kapoeta (CHAPMAN and SALISBURY, 1973). The samples that
match Vesta best are the eucrite, Béréba, and the howardite, Kapoeta. A recent discovery by
BINZEL and XU (1993) shows that 20 main belt asteroids (less than 10km diameter) that are
in orbits associated with Vesta all have spectral patterns that are consistent with the basaltic
achondrites. The asteroidal spectra vary from asteroid to asteroid, with some being nearly
identical to Vesta, while others match spectra taken from diogenites, like Johnstown (BINZEL
and XU, 1993). Therefore, sufficient variability appears to exist to indicate that the eucrites,
diogenites, and howardites (HED) were all derived from the same parent body.

The probability that Vesta is a source of the basaltic achondrites is further strengthened
by the BINZEL and XU (1993) investigation of the orbits of their 20 newly discovered
asteroids. Twelve asteroids were found to have orbits similar to that of Vesta, while the
remaining eight were found to have orbits between Vesta and the Jovian 3:1 orbital
resonance. Assuming that Vesta was the parent body of these smaller asteroids, the ejection
velocities necessary to place the asteroids into their present orbits was determined. According
to BINZEL and XU (1993), the positions of the asteroids span the distance between Vesta and
the 3:1 resonance and suggest that other asteroids may have entered the resonance. Since

the sizes of ejected fragments from an impact are inversely proportional to their ejection



velocities (BINZEL and XU, 1993), the ejection velocities of small (0.1 to 1.0 km) fragments
should be sufficient to reach the resonance, and thereby allow fragments of eucrite, diogenite,
and howardite lithologies from these asteroids to be delivered into Earth-crossing orbits. A
study by FARINELLA et al (1993) argues that fragments from asteroids like Vesta, can be
injected into the resonance in approximately 106 years. Subsequent ejection of the fragments
from the resonance into an Earth-crossing orbit, based on numerical calculations of fictitious
bodies near 2.4 AU (Vesta's location) by FARINELLA et al (1992), indicate that the fragments
could reach Earth in an additional 10° years. Considering the cosmic-ray exposure ages of
eucrites, diogenites, and howardites vary between 5-40 x 108 years (HERZOG and CRESSY,
1977; SCHULTZ, 1987), there appears to be agreement between the existing data and the
model, facilitating the possibility that Vesta is the parent asteroid to the HED meteorites.
Associating Vesta and its related asteroids with the basaltic achondrites, however, does not
explain how the parent body or the eucrites, diogenites, and howardites formed.

There are two general types of models that try to explain the formation of the eucrites.
The first model, a fractional crystallization model (MASON, 1962; McCARTHY et al., 1973),
suggests that eucrites crystallized from a residual liquid. This residual liquid resulted when a
presumably chondritic precursor (olivine-rich) melt experienced olivine fractionation at depth
inside its parent body. Fractionated olivine was left behind to form the mantle, while the melt
continued to rise towards the surface. Subsequent fractionation of mafic mineral cumulates,
near the surface, produced cumulate orthopyroxenites, which are represented by the
diogenites, leaving a residual liquid behind to crystallize into the eucrites. A mass balance
constraint by WARREN (1985) on the howardites supports this model, arguing that if the
eucrites are identical to the basaltic component and the diogenites are identical to the
pyroxenite component in the howardites, then more than half of the eucrites probably formed
as residual liquids of melts that had previously fractionated from diogenites. The second type
of model (STOLPER 1975, 1977; HEWINS and NEWSOM, 1988) suggests that the

noncumulate eucrites formed as partial melts of an olivine rich source region and



experienced little or no fractional crystallization during their formation, while the diogenites
formed from separate melts.

However, since the achondrite models are attempting to describe the petrogenetic history
of a planetoid, it strains credibility to assume that a single style of magmatism was
responsible for all of the lithologies sampled by the basaltic achondrites. (The older
terminology of planetoid is used here instead of parent body or asteroid to avoid any
preconceived ideas about such bodies. Planetoid simply implies a relatively small planetary
body which experienced geological processes that are usually associated with planets, such
as magmatism or impacts.) More likely, both partial melting and fractional crystallization
mechanisms acted to varying extents in different geographical areas of the source planetoid
(DELANEY, 19864, b, c; DELANEY et al., 1981). The distribution of the igneous lithologies on
the Earth and Moon are quite variable in composition and regionally are dominated by
different lithologies that formed under different stratigraphic, lateral, or temporal conditions on
the planetary body. The Earth and Moon therefore provide precedents for the basaltic
achondrite planetoid (BAP) having a provincial distribution of igneous lithologies, with some
areas of crust being dominated by eucrites, while others contain more abundant diogenite or
ultramafic lithologies. The cosmic ray exposure ages for basaltic achondrites (AYLMER et al.,
1986; HERZOG and CRESSY, 1977; HERZOG et al., 1978; SCHULTZ, 1987) indicate that
approximately three to seven cratering events (depending on the interpretation of the data)
within the last 40 million years were responsible for the ejection of samples from their parent
body. A single igneous province on BAP, therefore, is unlikely to have been sampled.

STOLPER (1977) demonstrated that partial melting experiments on eucrites at low
temperatures (1160 to 1180°C) and at oxygen fugacity conditions of one log unit below the
iron-wilistite or Fe-FeQ buffer yielded a glass composition that was multiply-saturated with
olivine, pigeonite, plagioclase, spinel, and metal. The multiple saturation indicates that the
melt probably formed at or near an invariant point and is likely to be a significant source of

magmas of constant composition. Since this mineralogy is compatible with the partial melting



of a chondritic meteorite, an implication of STOLPER'S results is that eucrites might be
formed by the fairly simple process of partial melting of a chondritic precursor.

Since STOLPER'S (1977) study, there have been several studies concerning the melting
of chondritic meteorites. Some experiments, such as those done by TAKAHASHI (1983) and
WALKER and AGEE (1988) concentrated on aspects of melting that are not directly
applicable to the eucrite problem, such as very high pressure 30 kilobars (TAKAHASHI, 1983)
or thermal gradients (WALKER and AGEE, 1988). However, others did partial melting
experiments that are very relevant to achondrite genesis. KUSHIRO and MYSEN (1979) did
partial melting experiments on the L6 chondrite, Y74354, and showed that their 1200°C
glasses were within the compositional range of the eucrites and howardites and therefore
suggested chondrites may have a genetic relationship with the basaltic achondrites.
BARTELS and GROVE (1991) experimented with partially melting magnesian eucrite clasts
from howardites, at one atmosphere and one kilobar pressure, to determine constraints on the
composition of eucritic precursor material, as well as, the melting and crystallization
processes on the parent body of the eucrites. JUREWICZ et al (1991, 1993) did partial
melting experiments on Allende (CV3) and Murchison (CM2) and produced melts that are
remarkably similar to the true eucrites and to eucritic melts produced by STOLPER (1977).
However, they noted that the MnO content of their resulting glasses was systematically lower
than in natural eucrites.

These melting experiments provide evidence that partial melting of a chondritic precursor
produces melts that resemble the major and minor element chemistry of the eucrites and
therefore suggest the possibility that a chondritic precursor to the basaltic achondrites may
have existed. However, two major problems become apparent if any single chondritic class of
meteorite is the eucrite precursor. The first problem is that the oxygen isotopic signature of
the eucrites does not match any known class of chondritic meteorite. The second problem, as

highlighted by JUREWICZ et al. (1993) and recognizable in the experiments of KUSHIRO
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and MYSEN (1979), is that melting experiments on typical chondrites produce melts with
unrealistically high molar Fe/Mn ratios.

in an attempt to reconcile these problems, DELANEY (1993) calculated a eucritic
precursor composition constrained by the oxygen isotopic ratios of basaltic achondrite
samples. The model (Table 1 and Figure 1) involves mixing material from two different types
of chondrite meteorite in proportions that give the oxygen isotopic signature of the eucrites in
the mixture. As both mixing components are chondritic, the major element chemistry of the
mixture remains chondritic. The only mixing constraint on the model (in a two component
mixture) is that the two components must be on opposite sides of the BAP oxygen mass
fractionation line, so that the resulting mixture has the isotopic signature of the eucrites. The
two major types of meteorites that were involved in the mixing models were carbonaceous
chondrites and ordinary chondrites. They were used because the closest chondritic meteorites
to the BAP fractionation line are the H chondrites (a type of ordinary chondrite) on the 370
enriched side and the CM or CV chondrites (two types of carbonaceous chondrites) on the 5
170 depleted side. However, other members of the two types of meteorites were also explored
as possible mixing members. The model subsequently uses some of the carbon present
within the precursor to reduce sufficient iron metal from the silicate FeO component so that
appropriate silicate molar Fe/Mn ratios for the eucritic precursor are reproduced. The results
of DELANEY'S calculations yielded several chondritic mixtures [nicknamed "cocktails"]
(shown in Table 1) that might be used as a eucritic precursor. One cocktail, produced by
mixing 70% H chondrite with 30% CM chondrite, has a remarkable compositional similarity to
the 'eucritic parent body' [precursor] calculated by DREIBUS and WANKE (1980) and
appears to be promising as a model precursor.

This study reports on three series of experiments that used both synthetic and natural
starting compositions of the chondritic cocktail (70% H - 30% CM) described above and the
CM chondritic meteorite, Murchison. The experiments were designed to: 1) investigate the

Fe-Mn-Mg systematics resulting from the removal of iron from a partially melted chondritic



precursor of the eucrites; 2) determine and compare the phase relationships resulting from
the partial melting of different chondritic starting compositions; 3) test the DELANEY (1993)
mode! to determine whether an appropriate precursor to the eucrites could be derived from
the cocktail (70% H - 30% CM); and 4) allow direct reproduction and confirmation of the

experiments done by JUREWICZ et al. (1993).

Experimental and Analytical Techniques

Before any experiments could be run, strict procedures had to be developed so that the
experiments were tightly constrained compositionally and to ensure precise and reproducible
run temperatures and oxygen fugacities. Without precisely defined constraints a comparison
between these experiments and the experiments of other researchers would be impossible.
The procedures involved 1) the preparation of the synthetic and natural starting compositions,
2) the calibration of the temperature and oxygen fugacity, or the activity of oxygen present,
within the furnace, and 3) the calibration of the electron microprobe analyses, the means by

which the experiments were characterized.

Sample Preparation

Three series of experiments were run for this research. The first series of experiments
were essentially the test experiments. They were designed to explore whether synthetic
compositions were a feasible alternative to using natural materials and to understand the
effects of Fe loss on the Fe-Mn-Mg systematics. The understanding of the Fe loss in the
experiments is critical, since it can occur due to several factors, both wanted and unwanted.
The oxygen fugacity, which controls the amount of iron being reduced and removed from the
silicates in the experiment, is the major "wanted" factor since it can be calibrated precisely. A
second factor, which can at least be accounted for, is the amount of carbon present within the
sample. Carbon reacts with FeO to produce Fe-metal and carbon dioxide. The amount of Fe-

metal produced by this reaction can be calculated and subtracted out of the total amount of



metal produced during the experiment to determine the effect of altering the oxygen fugacity
settings. The third major factor, which is the most difficult to account for, is the amount of iron
lost to the platinum wire that holds the experiment inside the furnace. Since iron readily
diffuses into platinum, either the iron that diffuses into the platinum wire from the experiment
must be accounted for, or an equilibrium must be attained between the experimental charge
and the platinum wire, allowing the experiment to neither gain nor lose iron to the wire. This
equilibrium is accomplished by pre-saturating the platinum wire with iron and will be
discussed in greater detail later.

The Series | experiments were simplified synthetic equivalents of the CM chondritic
meteorite, Murchison (Table 2A) (based on the analysis of JAROSEWICH, 1990). Four
analogue compositions (Table 2B) were made and contained seven oxides: SiOz, AlOs,
Cr203, FeO, MnO, MgO, CaO. The oxides of SiOz, AlzOs, Cr20s, MnO, and MgO were added
as pure oxide powders, the "FeO" was from Fe20s powder, and the "CaO" was taken from
CaCOs powder (Table 3). The compositions were prepared by heating up the individual
oxides and carbonates to 250°C to drive off any adsorbed water that was present. The oxide
powders were then weighed and assumed to be anhydrous. The compositions were finally
assembled and ground into a fine powder (to about 75 microns) using a SPEX grinder. The
four analogue compositions had four different bulk molar Fe/Mn ratios. Despite the attempt to
remove the adsorbed water from the compositions, the effects of the added water in the
oxides resulted in the incorrect Fe/Mn ratios in the four analogue compositions. Although the
nominal Murchison Fe/Mn ratio of 140 was initially intended to be used (along with Fe/Mn
ratios of 100, 60 and 20), microprobe analyses of glasses made from the four compositions
showed that the errors resulted in the highest bulk Fe/Mn ratio being 85. The three other
compositional ratios turned out to be 65, 45, and 20. Although the ratios were not those
planned, the analogues were used anyway and served their planned purposes. Table 2B
shows the nominal Murchison composition (Fe/Mn 140) and the averaged microprobe

analyses of the four analogue compositions used.



The Series |l experiments were used to investigate eucritic origins. These experiments
were run with two compositions that were prepared from synthetic materials (Table 2A and
2C). The compositions consisted of a Murchison analogue and a modified version of the 70%
H chondrite - 30% CM chondrite mixture proposed by DELANEY (1993). This series of
compositions consisted of the same oxides as in the first series, but also included the oxides
TiO2, Naz0, and NiO (for the Murchison composition only). The TiO2 and NiO were pure
oxides, but the Na2:O was taken from NaHCOs (Table 3). These compositions were heated,
weighed, assembled, and ground during their preparation in the same manner as the
compositions of the first series. Table 2C shows that the Series |l synthetic compositions aiso
did not yield the desired abundances of the oxides. The experimental compositions
(especially the H-CM analogue) for these experiments however actually proved quite useful
and will be discussed later.

The Series Il experiments were run using natural samples of Murchison and a mixture of
70% of the H chondrite, Allegan, and 30% Murchison (Table 2A). Allegan and Murchison
were initially received as chips and were ground into fine powders (to about 75 microns)
before they were used. The powders were then individually baked at 400°C for two hours, and
then weighed out. For the (70%) Allegan - (30%) Murchison mixture, the samples were then
ground a second time.

To insure that starting compositions for the synthetic (Series | and Il) experiments were
homogeneous, high temperature glasses were made from each of the starting compositions.
For the Series | compositions, two glasses were made for each of the four starting
compositions, while three glasses were made for each of the two Series |l starting
compositions. After making the glasses, the glasses were analyzed by electron microprobe
for the oxide abundances contained within them. The two (Series 1) or three {Series lI) glass
compositions for each starting composition were than averaged and the deviation of each
glass composition from the average was determined. Since only two or three glasses were

made for each starting composition, the standard deviations were very large, being either




50% (2 glasses) or 33% (3 glasses). The tests, therefore, only prove that there were no large
scale heterogeneities present, not that the compositions were homogeneous. Ultimately, to
insure homogeneity, a greater number of sample glasses should have been taken.
Fortunately, the differences between the glasses for each starting composition were
extremely small (less than 2% from the average glass composition for the major elements,
and less than 5% from the average for the minor elements for all of the compositions) and the
absence of large-scale heterogeneity could be assured.

Since there was limited amount of actual meteoritic material available for the Series
Il experiments, high temperature glasses were not made to test for homogeneity. Instead,
modal analysis was used in conjunction with the compositions of the silicate phases within
each experiment to calculate the starting bulk composition. The calculated bulk composition
in each experiment was then compared to the nominal bulk composition of either natural
Murchison or natural Allegan-Murchison. In general, there was excellent agreement between
the calculated and nominal bulk compositions, with only one experiment not yielding good
results (Natural Murchison, 1180°C, IW-0.5). This experiment experienced olivine

fractionation during quenching, which made the calculation extremely difficult.

Furnace Temperature Calibration
Furnace Description

The furnace that was used for the experiments was a Deltech 31 VTOS/C vertical muffle
tube gas mixing furnace (Figure 2). The furnace design was fairly simple, containing a 4
centimeter diameter, 60 centimeter long, alumina tube (called the muffle tube), surrounded by
six equally spaced U-shaped Kanthall molybdenum disilicide heating elements, which are
capable of sustained operation in air at temperatures up to 1800°C. Encompassing the
heating elements and muffle tube, is a steel box which contains 12 cm of insulation. Brass
cooling heads attach to and seal against both ends of the muffle tube causing an isolated

chamber to be made. The internal atmosphere of the muffle tube can subsequently be
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monitored and regulated for the ambient oxygen (or other gas) fugacity. An access port within
each cooling head allows the regulated gases to pass through the muffle tube. For the
Deiltech furnace used, the gases entered at the upper cooling head and exited at the lower
cooling head, however, the reverse setup could have just as easily been used. As long as the
position of the oxygen fugacity calibration, temperature calibration, and experimental charges
are in the same spot, there is no advantage to the direction of the flow of the gases. The
brass cooling heads' primary purpose, in addition to providing an isolated chamber, is to
water cool the ends of the muffle tube, allowing a stable thermal gradient to exist inside the
furnace. This stable gradient prevents erratic temperature fluctuations caused by air drafts.
The cooling heads also prevent the instrumentation ports and the access ports from
becoming dangerously hot (TURRIN, 1984).

The furnace temperature was regulated by a Eurotherm 211 programmable temperature
control unit that is connected to an internal, type B 94% platinum - 6% rhodium versus 70%
platinum - 30% rhodium wire thermocouple (KINZIE, 1973; POWELL, 1972). The
thermocouple is situated next to the heating elements and enters through an access port in
the back wall of the furnace (TURRIN, 1984). This programmable temperature control unit

allows the user to implement programmed heating and cooling paths.

Sample Rod and Thermocouple Assembly

To measure the temperature within the furnace, a thermocouple was needed that could
function over the temperature range of the experiments (1100°C to 1600°). After looking at
the various types of thermocouples, a type S thermocouple (KINZIE, 1973; POWELL, 1972)
was decided upon. The thermocouple consists of two wires, one pure platinum wire and one
90% platinum-10% rhodium wire and is included within the sample rod assembly. To make
the thermocouple (and sample rod), a 40 cm fong, four bore hole alumina rod is attached to a
brass cap (Figure 2). The Pt and Pt-Rh wires are each inserted into one of the holes in the

alumina rod. The ends of the wires are then butt welded together at one end (the end that is
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inserted into the furnace), using an oxygen-acetylene torch, to form a small uniformly melted
sphere. When the welded end of the wires is at a different temperature than the unwelded
ends, a thermoelectric current is produced. Since the wires are made of different materials,
the resistance of each wire is different and a potential is created between them. When a
potentiometer is attached to the unwelded ends, the potential can be measured between the
two wires. The output voltage can than be monitored and calibrated to give the temperature
at the welded end.

Two pieces of platinum wire are then inserted into the remaining two holes in the alumina
rod and allow the experimental charges to be suspended slightly below the thermocouple

(Figure 3).

Hotspot Location

Calibration of the furnace began by first determining where the hottest point in the
furnace was. This point was found by carefully sliding the sample rod up and down within the
muffle tube of the furnace, until the maximum possible temperature was read by the
thermocouple. The hotspot was located 33 cm from the base of the brass head on the sample
rod and remained fixed throughout the experiments. The size of the hotspot was found to be

about three cm high and the temperature variation within the hotspot was 1-2°C.

Calibration of the Furnace and Sample Rod Thermocouples

In order to calibrate temperature correctly, the nominal temperature at which some
process or event occurs must be known. One of the simplest and most precise methods for
calibrating is to compare the measured and nominal melting point of an element or
compound. Since the experiments were to be run over a temperature range of 1100°C to
1600°C and calibration temperatures comparable to the experimental range would be

preferred, the melting points of gold (1064°C) and palladium (1554°C) were chosen to

calibrate against.
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The procedure for calibrating takes advantage of the fact that both gold and palladium
are excellent conductors, by creating a circuit within the furnace and waiting for the circuit to
break when the melting point of Au (or Pd) is reached. To set up the circuit, a piece of thin Pt
wire is attached to each of the sample support wires. The thin Pt wires are attached to a piece
of Au or Pd wire, by making tiny loops in the thin Pt wires and slipping the Au (or Pd) wire
through each loop (Figure 4). The tips of the Au (or Pd) wire are then slightly bent so it does
not slide off from the thin Pt wires. Next, a voltmeter is attached to the support wires at the
top of the sample rod. If everything is set correctly, when the sample rod is placed in the
furnace, there should be little or no resistance [in ohms (Q)] through the Au (or Pd) and Pt
wire circuit just made. The next step is to bring the furnace temperature, if possible, to within
20°C of the Au (or Pd) melting point and allow the furnace to equilibrate. Depending on the
difference between the initial and final temperatures, the furnace may take up to 45 minutes
to thermally equilibrate, however it is extremely important that the furnace be at thermal
equilibrium. After the temperature appears to be stable (at equilibrium), the sample rod is
carefully inserted into the furnace, while monitoring the voitmeter and insuring the circuit
remains intact. The temperature is increased very slowly (1-2°C every 5-10 minutes) towards
the melting point of Au (or Pd), while monitoring the thermocouple until the Au (or Pd) wire
melts, breaks the circuit, and makes the voltmeter register infinite resistance. It is important
to wait at least 5-10 minutes between each increase in temperature to allow the furnace to
equilibrate. After the circuit is broken, the sample rod and furnace display temperatures are
then noted for the calibration. If the difference between the sample rod thermocouple
calibration temperature and the melting point is more than 3-5°C, a new thermocouple
welding should be made to insure that corrosion or recrystallization of the wires does not
further hamper the ability to measure the temperature precisely. [It is important for the reader
to realize that the displayed furnace readings are not true temperatures, although the values
would tend to imply this. In fact, the displayed furnace readings only estimate the desired

temperature, but are actually used to control the amount of electrical current being supplied to
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the heating elements. Since conductivity increases with decreasing temperature, more heat
per ampere is produced at lower temperatures than at higher temperatures. The calibrated
temperature path shown in Figure 5 demonstrates this effect by NOT being parallel to the
nominal one to one line. At fow temperatures, it is skewed to the right of the nominal line
(current is more efficiently transformed into heat), but passes over to the left of the nominal
line at high temperature (current is less efficiently transformed into heat. Table 4 lists the
furnace display readings (Dfurn) and the corresponding nominal temperatures taken with
sample rod (Tsr) thermocouple in ten degree increments shown in Figure 5.)]

To make a new welding, the lower 3-5 centimeters from both the Pt and Pt-Rh wires
should be removed. The two cut ends then are butt welded into a small uniformly melted
sphere at the base of the thermocouple. If the subsequent calibration is still off, replacement
of the thermocouple wires is probably necessary. A good calibration should give consistent
and extremely small temperature differences (1-2°C) for both the Au and Pd calibrations.

Table 5 shows the results of the thermocouple calibration experiments using the furnace
display readings and sample rod thermocouple. The first calibration yielded consistent results
for both Pd and Au, but needed a 20°C correction. The lower portion of the wire had
undergone extensive recrystallization from its previous use, so a new welding was made.
Calibration #2 gave inconsistent results, suggesting a completely new thermocouple was
needed. Calibration #3 was run with the new thermocouple. The correction factor for the
sample rod thermocouple is 0°C, since the thermocouple readings match the melting points.
This thermocouple calibration procedure was carried out approximately every 100-200 hours

of experimental time, depending on the running temperatures of the experiments.

Furnace Oxygen Fugacity Calibration
Fugacity is a thermodynamic function that is equivalent to activity in non-ideal gases, but
can be used in place of partial pressure in reactions that involve real gases and mixtures. At

low pressures (~1 atmosphere), such as those experienced within the furnace (TURRIN,
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1984), fugacity is essentially equivalent to partial pressure. Inside the muffle tube of the
furnace, carbon monoxide and carbon dioxide are used to control the reaction: 2CO2 —» 2CO
+ O2. Thus, the oxygen fugacity is proportional to the fugacity of CO and inversely
proportional to the fugacity of COz, assuming the temperature remains constant, since the
sum of the partial pressures of the three gas species must equal one atmosphere (assuming
ideal conditions). The oxygen fugacity is also controlled as a function of temperature,
assuming the ratio of CO:CO2 remains constant. An increase in temperature will result in a
larger proportion of CO: dissociating and causing a proportional increase in the oxygen
fugacity. A consequence of this reaction is that the CO-CO:z system is buffered with respect to
oxygen, and will dissociate readily to maintain the total pressure should oxygen be removed
from the system. Maintaining a continuous replenishment of gas so that neither gas is ever
completely consumed or dissociated allows control of the buffering process and the oxygen
fugacity (TURRIN, 1984). Since gas flow rates are proportional to the partial pressure of a gas
species, oxygen fugacity control can be attained by regulating the gas flow rates, which was
accomplished for these experiments, using precision flowmeters.

The amount of each gas used to control the oxygen fugacity varied depending on the run
temperature of the experiment and the specific desired oxygen fugacity value. Since one of
the aims of the experiments was to study the effects of iron loss on the silicate portions of the
chondritic compositions, all of the experiments were run below the iron-wiistite (Fe-FeO)
buffer, where FeO dissociates to form iron metal. The ratio of the volumes of CO:CO: ranged
generally between 8:1 and 50:1 for temperatures between 1180°C and 1400°C and oxygen
fugacities of -0.5 to -1.5 log units below the iron-wiistite buffer.

The calibration of the oxygen fugacity was achieved by two different methods to insure its
reliability and accuracy, and will be discussed in detail below. The first method involved the
calculation of the electromotive force of a fugacity cell at the IW buffer and subsequently
determining the flowmeter settings, by trial and error, that would result in that electromotive

force. The second method involved using the flowmeters to determine the W buffer. This
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method took advantage of the reduction-oxidation reactions of iron at this buffer, by using

iron foil as an indicator of the position of the buffer. Assuming both the first and second

methods were correctly done, the flowmeter settings from each method should match.

Method |; Calculation and Measurement of the Fe-FeQ Buffer

The first method used for determining the iron-wiistite (IW) buffer was o first calculate
the electromotive force (e.m.f.) at the W buffer using the equations from JUREWICZ (1986)
and CHOU (1987):

General equation: 1) e.m.f. = (-AV/2.303 R) x T x log (fO2)

IW buffer equation 2) e.m.f. = (0.0496) x T x log (fO2)

where the e.m.f is measured in volts, (-AV/2.303 R) is the molar volume and R is the gas
constant that has a value of 8.314 J/K mol, T is the temperature in Kelvin, and (fO2) is the
oxygen fugacity in atmospheres. Next, the correct settings for the flowmeters were found,
using an oxygen fugacity sensor and an electrometer, so that the calculated e.m.f. of the IW
buffer appeared on the readout display of the electrometer.

NOTE: If the log (fO2) was needed the more familiar equations:

General equation:  3) log (fO)P,T=A/T + B+ C(P-1)/T

IW buffer equation: 4) log (fO2) = (-27215/(273.15 + T)) + 6.57

from CHOU (1987) could be used, where A, B, and C are constants relating to the specific
buffer, in this case the IW buffer, where T is temperature measured in degrees Kelvin, (fO2)

is oxygen fugacity measured in atmospheres, and P is pressure measured in bars.



Oxyqen Fugacity Sensor

The oxygen fugacity sensor used (KINZIE, 1973, SATO, 1971; HUEBNER, 1987,
NAFZIGER et al, 1971) was a yttrium-zirconia cell that contains an internal four bore alumina
tube. The alumina tube accommodates a Pt and 80%Pt-10%Rh thermocoupie identical to the
thermocouple on the sample rod. On the inside and outside of the closed end of the yttrium-
zirconia cell is a piece of tightly attached Pt foil. Two pieces of platinum wire are attached to
the Pt foil, one wire for the exterior, one for the interior (Figure 6).

The oxygen fugacity sensor works by having molecular oxygen, which is delivered to the
interior of the sensor through one of the bore holes in the alumina tube, ionized inside the
sensor. The oxygen becomes ionized when electrons are made available to the oxygen by
the platinum electrode, which is in contact with the yttrium-zirconia cell wall. The oxygen ions
then pass through the cell wall using the available vacancies in the crystalline structure of the
wall. Once the ionized oxygen exits the cell wall, its electrons are stripped from it by the outer
platinum electrode, which transports the electrons to the electrometer, which registers them
as a current or e.m.f. Meanwhile, the de-icnized oxygen reacts with carbon monoxide to form
carbon dioxide. This tendency for oxygen to travel out the celi wall will continue as long as

there is a greater oxygen fugacity on the interior of the cell than on the exterior.

Resuits of Method |

The initial attempts to acquire flowmeter readings, based on the calculated e.m.f. values
proved inconsistent, since the furnace did not equilibrate over a reasonable amount of time
(1-2 hours). The e.m.f. readings varied widely with the same flowmeter settings and the
flowmeter settings did not agree (even closely) with the values sent by the manufacturer.
Also, the flowmeters measuring the CO and the exhaust gas output were erratic and did not
work properly because the flowmeter floats had a tendency to stick. Since the furnace was

previously being run with a mixture of hydrogen and carbon monoxide, the sticking was
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probably due to water buildup inside the flowmeters as well as the fact that the flowmeters
were not standing vertically, but were inclined.

Under normal conditions the flowmeters should have a high degree of precision. They
should allow consistent oxygen fugacity results to within + 0.05 log units or 5 millivolts on
the e.m.f. electrometer. The accuracy of the flowmeters should also have been quite good.
Estimates of the accuracy up to that point however were about 60% different from the
specifications sent with the flowmeters.

To correct the problems with the exhaust flowmeter, it was simply bypassed. Due to its
removal, there was no regulation of the exhaust gases. lts removal resulted in the
CO2/(CO+COz) ratio coming to within 5-15% of the calculated values for the e.m.f. of the IW
buffer. The e.m.f. readings also stabilized. The CO flowmeter was placed under vacuum in an
attempt to rid it of H2O and stop the float from sticking. Both the CO and CO: flowmeters
were squared and leveled. To further correct the problems, the gas mixing connections, which
were suspected of causing back pressure on the outlet side of the flowmeters, due to an
inadequate initial setup, were redesigned and rebuilt to insure that pressure from the high
volume gas (CO) line would not hinder the flow of the low volume (COz2) gas line (Figure 7A).
The restructured gas mixer is shown in Figure 7B.

After rebuilding the gas equipment, another problem was soon discovered. The available
oxygen fugacity sensor was nine centimeters too short to reach the hotspot in the furnace by
inserting it through the upper cooling head (the same way the sample rod is inserted).
Unfortunately, it also could not be inserted through the basal cooling head due to its design.
To further complicate the calibration procedure, the supplies were not available to make a
new sensor at the time. Therefore, the initial calibration in Table 6 was taken by inserting the
sensor through the upper cooling head, nine centimeters from the hotspot and in a
temperature gradient.

Table 6 shows the flowmeter settings that are needed to acquire the e.m.f. values that

were calculated using equations 2 and 4 discussed above in the beginning of this section. The

18



reader should note that there is a temperature difference between Table 6 and Table 4. This
difference results because of the use of the thermocouple inside the oxygen fugacity sensor,
instead of the sample rod thermocouple. Since the sensor is nine centimeters shorter than the
sample rod, the temperature could not be taken in the hotspot. Also, as a result of the oxygen
fugacity cell thermocouple being inside the oxygen fugacity sensor, it is surrounded and
thermally shielded by the yttrium-zirconia walls and platinum foil.

Comparisons between calculated plots and observed plots of the f(O2) versus
CO2/(CO+CO2) and temperature versus CO2/(CO+CQz), shown in Figures 8A, 8B, 9A and 9B,
indicated that the atmosphere within the furnace was about 0.4 - 0.6 log units more oxidized
than it should have been at the given CO2/(CO+COz) ratios (the positions of the observed
fugacities are shifted to lower CO2/(CO+CO) ratios than calculated). Since there was a fairly
consistent shift of CO2/(CO+CQ;) across the entire range of f(O2) and temperature, the shift
suggested that a leak existed within the furnace. A test was therefore performed to determine
if this was true.

The ratio of CO2/(CO+CO2) and the temperature were held constant, while the total
pressure (flow rates) of the gases was varied. If there was a leak, the e.m.f. would become
more reduced (lower values) with increasing pressure, while the lower pressures would be
more oxidized. If there was not a leak, there should be no change in the e.m.f. since the ratio
and hence the partial pressure of each gas would remain constant and only the total pressure
would change. The two tests that were run and are shown in Table 7, indicated that a leak did
exist.

Shortly after determining the leak, it was discovered that the existing oxygen fugacity
sensor could be altered and reassembled to allow it to fit into the basal cooling head and
reach the hotspot. Due to this fortunate occurrence, it was possible to calibrate the leak. As
long as the sensor could calibrate in the hotspot, the leak would be accounted for by the
sensor. The decision was made to seal the leak only if the problems persisted, which they did

not.
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The new oxygen fugacity sensor was inserted into the bottom of the furnace, while the
sample rod was also inserted from the top. This allowed a temperature reading from both
thermocouples. The oxygen fugacity sensor thermocouple was found to read consistently 6°C
lower than the sample rod thermocouple. This difference was caused by the shielding from
the yttrium-zirconia cell and platinum foil which surrounds the thermocouple inside the
oxygen fugacity sensor. The oxygen fugacity sensor thermocouple was not directly used for
temperature calibration purposes, but was used to compare to the sample rod thermocouple
readings when needed. Table 8 shows the results of the final oxygen fugacity calibration.
Please note that the calculated e.m.f. readings in Table 8 need to have a fudge factor added
to them after the iron foil calibration is run, to correct for the difference between the
calculated e.m.f. values listed in Table 8 and the observed e.m.f. values determined by

Method 1 with the iron foil.

Method II: Testing for the lron-Wiistite Buffer Using lron Foil

The second method for calibrating the oxygen fugacity was to determine the flowmeter
settings where Fe? foil is first oxidized (2Fe® + Oz — 2Fe0O) at a given temperature (i.e. find
the IW buffer). The procedure was to first set the temperature to the required value and set
the flowmeters to an obvious reducing atmosphere within the furnace (high CO, low CO2) and
allow the furnace to equilibrate (about 15-20 minutes). Next, a piece of iron foil was placed
onto the sample rod; a note of the CO: setting was made; the CO: flowmeter was turned
down to limit the amount of oxygen mixing with the furnace atmosphere when opening the top
of the muffle tube; and the sample rod was placed into the furnace. The CO: flowmeter was
then reset to its original value. After 15 minutes, the sample rod was removed from the
furnace and the iron foil was water quenched. If the foil was oxidized the entire surface of the
foil would be cracked and brittle, while if it was still reduced, the surface would remain smooth
and glossy. If the foil was still reduced, resetting the flowmeters for more oxidizing conditions

and repeating the procedure would be necessary. If it was oxidized, a new piece of foil would




21

be needed and the flowmeters would need to be set to more extreme values than the initial
ones.

The most efficient way to find the buffer, assuming the experimenter is not sure what the
flowmeters should approximately read, is to use a binary search procedure. This is
accomplished by taking one known oxidizing and one known reducing condition, and
subsequently taking a measurement halfway between these two measurements, noting the
result after each test. By using this procedure, the range needed to be covered can be quickly
constricted, until the experimenter can determine the settings for the buffer. If, however, the
flowmeters settings for the buffer are generally known, another method is to creep up on the
buffer from the reducing side, and thereby not utilize as much iron foil. Table 9 shows the
results of the calibration. These observed e.m.f. readings are the three values determined
using the iron foil test. The observed e.m.f. readings differ by 4 millivolts from the calculated
e.m.f. values listed in Table 8. Therefore, the list of calculated e.m.f. values shown in Table 8
need to have 4 millivolts added to their values in order to be consistent with this calibration
(one millivolt is approximately equal to a change in f(O2) of 0.01 log units).

The final CO2/(CO+CO>) ratios were 3-5% off from the calculated values, substantially
better than 60% off when the calibration began. Figure 10 shows a graph derived from Tables
8 and 9 that indicates what CO2/(CO+CQ2) gas ratio is required at a given temperature to
achieve the correct fugacity. The gas ratios on the graph are based on the flowmeter (ml/min)

readings, not the arbitrary scale readings also printed on the flowmeters.

Experimental Methodology

The oxygen fugacity and sample rod thermocouple calibrations were performed regularly
in between experimental runs to insure that the oxygen fugacity and temperature of the
furnace did not deviate with time. The oxygen fugacities, which will be quoted in log units
relative to the iron-wiistite buffer reaction, have a confidence interval within £ 0.1 log units for

each experimental run. Most of the experiments were conducted at IW -0.5 log units or IW -
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1.5 log units, in order to bracket the work of JUREWICZ ef al. (1993), and to assess the
influence of different imposed oxygen fugacities on the starting compositions. A few
experiments were run at IW-1.0 so that our results could be correlated with those of
JUREWICZ et al (1993).

Most of the experiments were run in pairs, however, a few of the Series | experiments
were run with up to four charges simultaneously in the furnace, while a few of the Series |
experiments were run individually. In each of the Series |l and Ill experiments, the synthetic
and natural mixtures respectively, the Murchison and cocktail mixture were run
simultaneously so that the charges would be assured of experiencing identical experimental
conditions, and permit one-on-one comparisons of the run products for each composition. The
charges were either both synthetic compositions or both natural compositions when they were
run together. Synthetic and natural compositions were not run simuitaneously as these were
believed to be sufficiently different that a simple comparison would not be easily made.

Aliquots of approximately 100 mg of powder were pressed into 6mm x 4mm pellets in all
of the experiments. For the Series | experiments pure Pt wire was used to hold the
experimental charges. Since the effect of Fe loss was to be studied, no attempt was made to
impregnate the Pt wire with Fe to minimize Fe loss. The Pt wire was used as a proxy for a
reducing atmosphere.

For the Series Il experiments, Fe loss was minimized by use of pure Fe wire to hold the
charges. However, for experiments above 1200°C, the Fe wire became too weak to support
the charges for the duration of the run. The solution which was also employed for all of the
experiments in the last series, was to impregnate Pt wire with Fe prior to its use with the
experimental charges. Charges of powdered magnetite (100 mg) were heated on the Pt wire
loops in the furnace at reducing conditions (1400°C and fO: at IW-1.5) for periods of about
48 hours. This resulted in diffusion of iron into the Pt wire. The Fe impregnated Pt wire was
then etched in hydrochloric acid to remove the excess iron oxide from the surface. Pellets of

the relevant experimental charges were then placed on these Pt-Fe wire loops and placed in



the furnace. The Pt-Fe wire loops were reused as often as possible and were placed in
hydrofluoric acid after each run to remove any excess silicate material. Typically, the wire
loops lasted for three to five experiments before they became so brittle that they
disintegrated.

Microprobe analysis of the iron impregnated platinum wire showed that a decreasing
gradient of iron existed through the cross section of wire. The edge of the wire that was in
direct contact with the iron pellet contained approximately 40 wt% iron, while on the opposite
side of the same piece of wire there was approximately 15 wt% iron. Since it was not practical
to analyze each impregnated wire, there was always cause for skepticism during the
experiments concerning whether the experimental charge was in equilibrium with the iron
inside the wire. To identify the effects of either the loss or gain of iron between the
experimental charge and the Pt-Fe wire, two methods were employed. For the synthetic
experiments, reversal runs [Cooling/crystallization experiments instead of heating/melting
experiments] were used. As long as both experiments yielded nearly the same results, there
was a fair degree of confidence that little or no loss or gain of iron to the experiment occurred.
For the natural experiments, however, reversal runs were not employed due to the limited
amount of natural materials available. To insure these experiments remained in equilibrium
with the iron impregnated wire, modal recombination of the bulk composition, using the
abundances and microprobe analyses of the phases present within the experiment, was
employed. Although a few experiments resulted in iron loss, as will be pointed out later, in
general, the results of the experiments were extremely good.

Although platinum was used as the support wire for the charges, several other metals
could have been used, with molybdenum being the most likely candidate. The reason
platinum was chosen in favor of the others is mainly because 1) platinum does not oxidize
and enter the silicate compositions at the range of conditions the experiments were being
conducted at; 2) it is very malleable and therefore can be bent to properly support the

charges; and 3) it has an extremely high melting point, an absolute necessity to support the
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charge at higher temperatures. Molybdenum has certain advantages over platinum because it
has a much lower affinity for iron and has an even higher melting point. Unfortunately,
molybdenum oxidizes at high temperature, (even in iron reducing atmospheres) where it
tends to start entering the structure of some minerals. As an example, STOLPER (1977) used
open molybdenum foil capsules to support many of his experimental charges and noted that
molybdenum was found to be present as a minor element in many of his experimental
glasses, while it was present as a major element in his experimentally produced spinels.
Since molybdenum was not part of his starting composition, its presence tends to further
complicate any interpretation concerning the phase relationships. It was this last consideration
that made platinum the prime choice for the support wire.

Once the charges were placed on the wire loops, they were inserted into the furnace for a
period of time thought to be sufficient to allow equilibration for those running conditions.
When this time period was up, the charges were quenched. The time necessary to reach
equilibrium was initially estimated by looking at the work of other experimenters, such as
JUREWICZ et al (1993) and STOLPER (1977). The duration for the experiments was then
modified depending on the planned running conditions. If running conditions were either at a
lower temperature or lower oxygen fugacity than previously published experiments, the
duration was lengthened. The duration was lengthened because both lower f(O2) and lower
temperature result in smaller amounts of melt being produced within the experimental
system, and the amount of melt generally controls the time to equilibrate. The duration was
shortened if higher f(O2) or a higher temperature were run. Since reversal experiments were
run for about the same duration as the original, the experiments could be evaluated to
determine if sufficient time was allowed for equilibration.

Because of mechanical limitations on the furnace used, the experimental charges had to
be quenched by removing the sample rod from the furnace and placing the charges quickly
into water, with the entire quench process taking three to five seconds. Drop quenching

through the bottom of the furnace was not possible for these experiments. However, the
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results suggest that problems associated with quenching were minor and do not influence the

results significantly.

Analysis Procedure

Preparation of Experimental Charges for Analysis

Before the experimental charges from the furnace could be analyzed, they needed to be
prepared. First, the charges were removed from the support Fe or Pt-Fe wire by either simply
picking them up with clean tweezers or by breaking them off using a pair of pliers. The
samples were then placed into short quarter-inch diameter brass tubes and impregnated with
epoxy. Once the epoxy hardened, the samples were cut in half and were polished using ten
micron, six micron, and one micron diamond laps on polishing wheels. Both halves of each
sample were often polished to allow a greater analysis area.

After polishing the samples, they were coated with a layer of carbon, approximately 20
nanometers thick, using a high vacuum thermal evaporation unit. The carbon layer is placed
over the sample to avoid an electrostatic build-up on the sample when the electron beam of
the microprobe strikes the sample. The electrostatic build-up acts like an umbrella over the
sample and deflects the electrons away from the sample, causing analytical errors. Since the
carbon layer conducts, it causes any electrostatic charge to dissipate and be grounded. An
estimate of the carbon layer thickness is made by inserting a piece of polished brass in with
the samples. As the carbon is deposited onto the surface of the brass, the surface changes
color. Small amounts of carbon produce a dull orange interference color, however a carbon
layer about 20 nanometers thick on brass gives a brilliant purple interference color, which is

easily recognizable and reproducible.

Electron Microprobe Analysis

The experimental charges were analyzed on the JEOL JXA-8600 Superprobe in the

Department of Geological Sciences at Rutgers University. The charges were characterized
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first using backscattered electron imaging and energy dispersive spectrometer (EDS)
analysis. The EDS and backscattered imaging provided extremely fast, semi-quantitative and
qualitative information concerning the chemistry, texture, mineralogy, and surface features of
the experimental charges. However, the analyses were fully quantified for their chemical
composition using wavelength dispersive spectrometer (WDS) analysis. An accelerating
voltage of 15 keV and a beam current of 10nA, measured in a Faraday cup, were used to
allow areas within the charges approximately one to two microns in diameter to be analyzed
for their major (5 wt% or greater) and minor (0.1 to 5 wt%) element chemistry. High degrees
of accuracy and precision were desired from the microprobe analyses. To ensure high
accuracy, previously well-characterized, homogenous, natural and synthetic mineral
standards were used (Table 10 and 11 and Appendix 1) (JAROSEWICH et al, 1980; TAKEI,
1976, 1978; TAKE! and KOBAYASHI, 1974). Since the silicate phases within the
experimental charges were the primary concern of the research, the selection of the
standards was controlled by their mineral composition, while the metal and spinel phases,
although of interest during the research, were of secondary concerns. Standards with similar
elemental abundances and mineral characteristics as the phases within the experimental
charges were chosen for the 10 elements contained within the starting compositions (Table
2). Thus, the standards used were olivines, pyroxenes, or feldspars, with chromite being the
only non-silicate. To ensure reproducibility, a suite of additional standards were routinely
analyzed to test the microprobe calibration. Only after the analyses of all standards were
checked against their nominal compositions, and any consistent errors corrected, were any
samples analyzed.

Because of the constraints of being able to analyze small volumes and still achieve high
precision, the time taken for each analysis needed to be fairly long. The long analysis time
needed derives from the fact that the detection limit of the microprobe varies inversely with
the square root of time. Thus, for elements that are present within a given phase at trace

levels (0.1 wi% or less), the time required to analyze them increases quadratically as the
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detection limit is lowered. (e.g. increasing the analyzing time by a factor of 10, improves the
precision by only about 3x). For the major elements, analyzing times were set for 40 seconds
(of detector live time, which is slightly longer than real time), while the minor elements were
analyzed for 100 seconds (GOLDSTEIN et al, 1992). In general, these analysis times resulted
in a standard deviation of 3-7% for the minor elements, while the major elements had a
standard deviation of 1%.

The compositions for all of the analyses were corrected using the ZAF model, which is a
generalized procedure for transforming the measured x-ray intensities into estimates of the
mass fraction (e.g. weight percent) of the elements present. The ZAF procedure assumes that
there is a linear relationship between the observed intensity of the x-rays and the
concentration of the element present. However, the effects of atomic number {Z), absorption
(A), and fluorescence (F) cause the data to deviate from this linear relationship, so
multiplication factors are used to correct the data, before the final mass fraction of each
element present is calculated (HEINRICH, 1991). The problem with calculating the final mass
fraction of each element however, is that Z, A, and F are all functions of the composition of
the unknown. Since they are related by the equation: k= Cnh(ZAF), where k=l/lg is the intensity
ratio for the unknown and standard, and Cp, is the composition of the unknown, the equation
cannot be solved analytically. An iterative procedure is used instead. In order to solve the
equation, an estimate of the unknown composition must be made. Based on this estimated
composition, the ZAF factors can be calculated. Once calculated, the ZAF factors are
substituted into the above equation and the equation is solved for the composition, Cp41.
This new composition, Cp41, is then compared to the original, Cp. If Cpeq - Cpy is less than
some predetermined value [usually less than 0.00001, when C is expressed as a mass
fraction (0.01%)], the composition is considered to have converged on the true composition. If
the difference is greater than the predetermined value, than the new composition's ZAF

factors are substituted into the equation above and another composition is calculated. This




process of iterating is continued until the difference between two consecutively calculated
compositions is within the predetermined value limit.

Table 10 lists the analysis details used in calibrating the microprobe. The first column lists
the elements that were analyzed, while second column shows the spectrometer diffraction
crystal used for each element. Different crystals can be used for many elements depending
on which x-ray line is being measured. In the third and fourth columns of Table 10, the
background positions are given. These are positions on either side of a given x-ray peak,
where x-rays are detected and used to calculate the background intensity. The relationship
between the spectrometer position (measured in mm) and x-ray wavelength (measured in
nm) is:

L=2Rr/2d
where: L = spectrometer position (measured in millimeters)
2d = d - spacing of the diffracting crystal (measured in nanometers)

R = radius of the spectrometer Rowland circle (measured in millimeters)

The wavelengths can subsequently be converted into x-ray energies (measured in eV) by use
of the equation: E=hc/x
where: E = energy of the x-ray
h = Planck's constant (= 4.1357 x 10-'® eV sec)

¢ = velocity of light in a vacuum (= 3 x 108 m/sec)

The background intensity is then compared to the peak intensity to calculate the abundance
of the element. The fifth column is the ZAF correction factor used in calculating the mass
fraction of the element present. A correction factor must be calculated for each element in the
standard that is used in the calibration (e.g. Si and Na both use Plagioclase from Lake
County, and have different correction factors). The correction factor is calculated on the basis

the bulk composition of the standard. The sixth, seventh, and eighth columns show the

28
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baseline, window, and bias, which are three factors that deal with the detector electronics
within the microprobe. The detector electronics, which in this case was a pulse height
analyzer (PHA), integrates the total charge produced by an x-ray photon and converts the
charge into a single voltage pulse that can be further processed for counting or display
purposes. Since the PHA can only select and transmit pulses in a predetermined voltage
range, a bias voltage is needed to adjust the incoming charge so the PHA can process it. The
bias voltage required to adjust the incoming charge is inversely related to the atomic number
of the element producing the photons. The baseline and window control the position and the
range over which the pulse height intensity can be read (measured in volts) (GOLDSTEIN et
al, 1992). Finally, the last column lists the description of the standard used.

Appendix Il contains the list of analyses from all three series of experiments. The
appendix lists all of the analyses in oxide weight percent and shows the same data converted

into mineral formulas.

Approach to Equilibrium

Confidence that the charges were at, or close to, equilibrium was achieved in three ways.
First, microprobe analysis allowed the author to insure that all of the minerals and glasses
present within each charge were homogeneous. The second test was made by calculating
partition coefficients for Fe, Mg, and Mn in the coexisting olivines and glasses, and
comparing them to published results (JONES, 1984; TAKAHASHI, 1978; LONGHI et al,
1975). These two tests, while not providing absolute evidence that equilibrium was
approached, allowed disequilibria data to be rejected. The final and most reliable method to
test for experimental equilibrium was to bracket the equilibrium conditions by running reversal
experiments when possible. The normal experimental routine involved placing the charge(s)
in the furnace at the target experimental temperature and at the target f(O2) after allowing the
temperature and gas mixture to stabilize. The experiment was then continued for a duration

deemed appropriate for the attainment of equilibrium. These experiments could be
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considered to be heating experiments. Reversal experiments were performed in three steps.
First, the charge(s) was placed in the furnace for two hours at a higher temperature (about
200°C higher) than the target temperature and in oxidizing conditions. After the two hours, the
temperature of the furnace was reduced to the target temperature. Once the target
temperature was achieved, the oxidizing gas mixture was adjusted to the required (reducing)
oxygen fugacity and the charge was allowed to reequilibrate for a duration equal to the
normal routine experiment. Thus the reversals were cooling experiments rather than heating
experiments. The early stages of the reversals were performed in oxidizing conditions,
instead of reducing ones, to minimize the amount iron metal that was lost to the platinum wire
while at the higher temperature.

Although complete reversals (both fugacity and temperature) would have been preferred
to only temperature reversals, there was no reliable means of assuring limited or no Fe loss
to the Pt-Fe support wires. A complete reversal would involve going from high temperature,
low f(O2), to the normal experimental conditions at a lower temperature, higher f(O2). This
reversal will nearly always suffer from Fe loss, because a much greater proportion of Fe
diffuses into Pt at higher temperatures and/or lower oxygen fugacities than Fe and FeO
diffusing out of the Pt into the charge at a lower temperature and/or higher oxygen fugacities.
Although ideaily there should be an equilibrium eventually established with no net Fe loss to
the charge, in practice some of the Fe will permanently be lost to the Pt during the higher

temperature, lower oxygen fugacity portion of the reversal.

Results of Experiments
Series | Experiments

The first series of experiments used four analogues of Murchison, which were supposed
to differ only, by their starting bulk molar Fe/Mn ratios (85, 65, 45, and 20). However, the
starting compositions seen in Table 2B, show that relative to nominal Murchison, the

compositions are MgO depleted. The MgO depletion results from adsorbed water in the MgO
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powder. Even though the powder was dried at 250°C for two hours, as mentioned earlier, the
attempt was obviously ineffective. The Fe/Mn ratios (140, 100, 60, 20) originally wanted were
also not achieved and appear to resuit from either varied abundances of adsorbed water in
the MnO and Fe203 oxide powders, or perhaps the incorrect weighing of the oxide powders.
Although these four compositions bear little resemblance to nominal Murchison, they served
their intended purposes.

A list of the experimental parameters and resulting phase compositions is shown in Table
12A, while Appendix lIA contains the microprobe analyses of all the Series | experiments.

This series of experiments, as mentioned earlier, were designed to explore the effects of
iron loss on the Fe-Mn-Mg systematics of a partially melted chondritic meteorite, and to
determine if synthetic compositions was a feasible alternative to using natural compositions.
Since each of the experiments were analyzed by microprobe and the experimental conditions
they were run at recorded, the experiments could be used to test whether any consistent
problems existed with either the temperature or oxygen fugacity calibration.

The experiments were run at a number of temperatures, but oxygen fugacity was not
tightly controlled. Instead, the oxygen fugacity was set for IW-0.5 at 1600°C and left
untouched (constant CO/CO+CO: ratio). The effect on the experiments is that as
temperature decreases, the oxygen fugacity decreases, and increases the amount of Fe-
metal produced in the charge. However, since platinum was used to support the experiments
and it is a siderophile element, bulk iron loss will occur in the charge, as some portion of the
Fe-metal in the charge diffuses into the Pt wire, thus becoming fractionated and isolated from
the charge. Essentially, two reactions are trying to reach an equilibrium state simultaneously.
First, the Fe in the charge is trying to reach equilibrium with the Fe-metal in the Pt wire. This
Fe-metal becomes fractionated from the charge. Secondly, the FeO in the charge is trying to
reach equilibrium with the Fe-metal in the charge. This second equilibrium is caused by the
presence of a reducing atmosphere (e.g. IW-0.5 or lower). This Fe-metal should ideally

remain within the reacting system of the charge. If an inert support wire were used, the Fe-
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metal should not diffuse into the support wire. As a result of these two reactions, a greater
total amount of FeO is converted to Fe-metal, than normally would be converted. An
additional result of these reactions is the silicates of the charge contain less FeO than would
normally be expected given the same oxygen fugacity and supported by an inert wire. This
diffusion effect simulates the production and fractionation of Fe-metal into the core during the
formation of a planetoid.

An important point concerning the first series of experiments is that many of the charges
did not reach equilibrium as planned. Many of the experimental glasses show a fairly wide
range of compositions, while the coexisting olivines and pyroxenes show more uniform
compositions (Appendix l1A). Many of the lower temperature experiments also contained
many relic silica grains, causing certain areas of the charges to contain silica enriched or
silica depleted glass pockets. The disequilibrium between the silica enriched or depleted
pockets of glass and the remaining charge was caused by insufficient grinding of the starting
materials (but mainly the silica), and insufficient time in allowing the charges to equilibrate in
the furnace. The disequilibrium condition was recognized when investigating these charges,
so the starting materials were more finely ground and the times were substantially extended
(nearly four times longer in some cases) for the subsequent Series Il and Il experiments.

These experiments demonstrated that the bulk Fe/Mn ratio of a CM chondiritic
composition can be altered (DELANEY and BOESENBERG, 1993) to varying degrees, while
leaving the remaining elements in the composition largely unaffected (Appendix HA). Figure
11 demonstrates that the bulk Fe/Mn ratios from the Murchison Fe/Mn 85 analogues could
produce compositions that contained Fe/Mn ratios of 5 to 50 in the giasses, depending on the
conditions set. High temperature (1580°C) experiments (Exp. M19), where 90% of the iron in
the charge diffused into the Pt wire, could produce similar compositions to very iow oxygen
fugacity conditions. At lower temperature (1250-1300°C) experiments (Exp. M3 and M4),
oxygen fugacities are simulated closer to the range of conditions in which eucrites appear to

crystallize.
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Along with the reduction of the Fe/Mn ratio, an increase in the normative pyroxene
content of the bulk chondritic composition occurs. This is important because eucrites lie
essentially on the peritectic point in the olivine-plagioclase-silica pseudoternary (LONGHI and
PAN, 1988a, b). A bulk CM chondritic composition, like Murchison, is initially too Fe-rich and
olivine normative to produce a glass by partial melting that resembles a eucritic composition.
However, with removal of Fe, the bulk CM composition moves directly towards the silica
component of the pseudoternary, and towards the pyroxene field (Figure 12). As a result, the
bulk composition moves into a position on the phase diagram that produces eucritic glasses
when partially melted. The part of the phase diagram, where the most favorable eucritic
precursor compositions, such as DREIBUS and WANKE (1980) and DELANEY (1993), is the
area between where bulk Murchison and the "Fe-free" Murchison compositions plot.

The experiments also showed that a synthetic composition could be used as proxy to a
natural composition, but extremely careful procedures must be followed if the starting
composition is made from oxide powders. The experiments further indicated that the
temperature calibration appeared to be correct, since the petrology of the resulting phases of
each experiment was consistent with the settings for the temperature and the amount of Fe

loss to the Pt wire.

Series Il Experiments: Synthetic Compositions

The synthetic compositions of the Series Il experiments did not duplicate the buik
compositions of the chondritic starting materials as planned either (Table 2C). The synthetic
Murchison composition was calculated on the basis of the bulk meteorite and assumed all of
the iron present within Murchison (FeO + Fe-metal + FeS) was present as FeO. The synthetic
H-CM mixture was based on only the silicate portion of the precursor, thus the Fe-metal, FeS,
and Ni-metal contents are not included in the composition. However, a problem was
discovered with both synthetic compositions. Microprobe measurements of glasses quenched

from high temperature revealed that the actual compositions of the synthetic compositions
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deviated from those calculated. As with the previous series, the oxide powders retained an
abundant amount of adsorbed water, despite the attempts to dehydrate them. The
modification is minor for the synthetic Murchison, however the synthetic H-CM composition
was affected much more extensively and turned out to be substantially depleted in MgO.
However, both compositions were used. Both, the planned nominal compositions and the
actual experimental cofnpositions used are shown in Table 2C. Table 13 summarizes the
Series |l experimental results by showing the average experimental silicate compositions.
The complete microprobe analyses of all the Series Il experiments are shown in Appendix

118.

Murchison Analogue Results

Fe-Mn-Mqg Systematics of the Synthetic Murchison Analogue

Figure 13A demonstrates the effect of Fe removal during the experiments on the starting
synthetic Murchison composition. Plotted in the diagram is the bulk starting composition, the
coexisting glasses, and the coexisting olivines after reaction at a variety of temperatures and
oxygen fugacities. The curved dashed line, going from the starting composition to the origin,
is the path the bulk composition would take as iron is removed, while the curved dashed line
passing through the glasses is a representative path for the calculated equilibrium glasses
produced in the experiments as iron is removed from the bulk composition. The experiments
show the influence on a fairly high Fe/Mn ratio in the starting composition. To reach typical
eucritic levels for Fe/Mn within these glasses, approximately 50% iron fractionation is
required at an oxygen fugacity between IW-0.5 and IW-1.0. it should be noted that the Fe
loss path for the glasses does not pass through the eucrite compositional area on the
diagram. In order for a glass to be produced with eucritic ratios for both Fe/Mn and
Fe/(Fe+Mg), a starting composition with an initially higher Fe/(Fe+Mg) ratio is required. One
way of increasing the Fe/(Fe+Mg) ratio, while maintaining the other elemental ratios within

the glasses, is to fractionate out olivine. This is possible because many elements, such as Ti,



Al, Ca, and Na are incompatible to the olivine crystal structure, so their elemental

abundances remain undisturbed in the coexisting phases.

Phase Equilibria of the Synthetic Murchison Analogue

Figure 14 shows a close-up portion of the olivine-plagioclase-silica pseudoternary
calculated from the work of LONGHI and PAN (1988b) and projected from wollastonite. In the
figure, bulk eucrites can be seen clustering near the peritectic point. This point is where the
first melt will be produced from those bulk compositions projected into the Opx-Ol-Plag
pseudotgrnary (the minimum melting point within the Opx-Ol-Plag pseudoternary), which
includes all of the synthetic and natural compositions used during this research. The phase
boundaries (shown as bands) are plotted to match the Fe/(Fe+Mg)x100 ratio of the glasses,
which is about 60. Two of the more "eucritic" synthetic Murchison glasses are shown along
the olivine-pyroxene peritectic and demonstrate that there is an increase in temperature away
from the peritectic point along the olivine-pyroxene boundary. Because temperature effects
the formation at which a given phase can crystallize, with decreased temperature, the
synthetic Murchison composition (and other compositions similar to Murchison), causes a
more pyroxene and plagioclase normative (more eucritic), and less olivine glass to form
(Table 14).

Many of the data points shown in Figure 14 are shifted away from the peritectic point and
plot inside the pyroxene field. This shift is caused by varying abundances of sodium within
each experiment, because the phase boundaries shift as a function of the Na/(Na+Ca) ratio
within the glass. The shift is similar to that caused by varying the Fe/(Fe+Mg) ratio. The
phase boundaries shown [and based on the work of LONGHI AND PAN (1 988b)], assume that
the anorthite content of the glasses is Ans, when in fact, many of the glasses have An
contents of about Anes.ss.

Figures 15 A and B show the olivine-pyroxene phase boundary plotted twice, once for an

Fe/(Fe+Mg)x100 ratio of 30 (Figure 15A) and once for an Fe/(Fe+Mg)x100 ratio of 55 (Figure
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15B). The figures illustrate that as a composition, becomes more magnesian, the olivine field
expands and the olivine-pyroxene phase boundary moves away from olivine. This
compositional transformation is well demonstrated by the synthetic Murchison 1300°C, 1W-0.5
glass in Figure 15B, and the more magnesian 1300°C IW-1.5 glasses plotted in Figure 15A.
The near overlapping of the 1300°C IW-0.5 and 1400° IW-0.5 glasses (Figure 15 B) on the
olivine-pyroxene boundary suggests that this point is very likely the point where the synthetic

Murchison bulk composition first encounters this phase boundary while crystallizing olivine.

The Effects of Temperature and Oxygen Fugacity on the Synthetic Murchison Experiments

The compositions of the silicate phases in the synthetic Murchison experiments indicate a
variety of effects that occur with a decreasing temperature. First, the glass compositions
become more plagioclase and pyroxene normative (or more eucritic) (Table 14), while
coexisting pyroxenes become more calcic and coexisting olivines become more iron rich
(Table 13A). Secondly, there is a increasing fraction of sodium retained in the meits (Table
13A). Despite sodium being a highly volatile element, the amount of sodium retained within
the glasses is three to four times larger than in the experimental glasses of JUREWICZ et al.
(1993). The sodium retention appears to be directly correlated to increases in the normative
plagioclase content of the glasses (Table 14). The exception to this sodium trend is the
1180°C IW-1.5 glass, which appears to have suffered from incomplete equilibration and
localized relict silica enrichment. There is also an increase in the Fe/(Fe+Mg) and Fe/Mn
ratios of all silicate phases present (Table 13A).

The effects of lowering the oxygen fugacity are also indicated in the resulting phase
compositions. The first is an obvious decrease in the Fe/(Fe+Mg) and Fe/Mn in the silicates
(Table 13A). The decrease in the iron causes a mass balance effect increasing the relative
amount of calcium and aluminum present within the glasses and pyroxenes. Higher Cr20s
contents (Table 13A) result in the glasses as fugacity is lowered due to the increased stability

of Cr2* over Cr¥*. Reduction of the bulk charge occurs faster than melting at low to medium
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temperatures (1180-1400°C)(based on the iron foil calibrations of the oxygen fugacity). Since
reduction causes an increase in the normative silica content (and plagioclase content) of the
charge (Figure 12) a corresponding increase in the viscosity of the melt will occur. This
increased viscosity will slow the diffusion rate and will extend the time required to attain

equilibrium in the experimental charge.

Comparison of Glasses Produced from the Synthetic Murchison Analogue with Eucrites

The synthetic Murchison glasses in general compare favorably with average eucrites
(Figure 16A), but contain non-eucritic abundances of certain oxides. The TiO:z contents are
consistently higher than eucrites, while MnO is consistently jower. The latter of these trends

can also be recognized in data of JUREWICZ et al (1993) and KUSHIRO and MYSEN (1979).

H-CM Chondritic Mixture Analogue Results

Synthetic H-CM and Natural 70% Allegan-30% Murchison Relationship

The synthetic H-CM composition was initially planned to be a simplified version of the
natural 70% Allegan - 30% Murchison mixture, containing only the silicate portion of the
natural 70% Allegan - 30% Murchison composition (the metallic iron and sulfide portions
being intentionally left out). However, due to the problems caused by the adsorbed water as
discussed earlier, the synthetic H-CM composition was modified. This modification increased
the Fe/(Fe+Mg) ratio of the planned starting synthetic composition to a ratio of 30.5, which
should have been 26, the same ratio as the natural 70% Allegan - 30% Murchison mixture.
The difference caused by the modification, is equivalent to approximately 20% olivine being
subtracted from the silicate portion of the natural composition. Therefore:

(Natural Allegan-Murchison) = (Synthetic H-CM) + (Metal) + (Sulfide) + (~20% Olivine).
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Fe-Mn-Maq Systematics of the Synthetic H-CM Mixture

The synthetic H-CM mixture (Figure 13B) requires very little iron loss (at IW-0.5) from the
bulk composition to produce typical eucritic Fe/Mn ratios of 30 to 40 within the glasses at
temperatures of 1180-1200°C. This composition, unlike synthetic Murchison, does form
eucritic Fe/(Fe+Mg) ratios (1180°C IW-0.5). The coexisting equilibrium silicates to this
eucritic glass consist of Fo,, olivine and En, Wo, pyroxene (Appendix i, Synthetic H-CM,
1180°C IW-0.5).

The 1400°C IW-0.5 glass (Figure 13B) also seems to represent the best candidate for a
diogenitic precursor. This melt, if separated from the existing equilibrium solid phases and
allowed to fractionate orthopyroxene and a small amount of olivine, should create a cumulate
orthopyroxenite. Unfortunately, the glass plots substantially to the iron enriched side of the
equilibrium glass iron loss curve and appears to indicate that the experiment was subject to

some form of solid/melt fractionation.

Phase Equilibria of the Synthetic H-CM Mixture

The H-CM glasses plot at the lower end of the pyroxene-plagioclase boundary (Figure
14), which is different from the results of synthetic Murchison. The apparent shift is caused by
the higher starting sodium content in the H-CM composition and the constraints of the
projection scheme. Higher sodium causes an increase in silica in the resulting melts and
makes them more plagioclase normative (Table 14) at low temperature (1180-1200°C).
However, several eucrite data also fall in this area and overlap the 1180°C and 1200°C IW-
0.5 glasses in the pseudoternary.

In Figure 15B, the effect of fractionation of quenched olivine on the H-CM glass
compositions, which plot along the pyroxene-silica boundary (Fe/(Fe+Mg)=55) in the 1300°C
IW-0.5 experiments, can be seen. If these experiments had quenched properly, the glasses
should have plotted on the olivine-pyroxene peritectic, in essentially the same position as the

synthetic Murchison 1300°C IW-0.5 glass. However, since olivine fractionation occurred, the
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H-CM glass composition became so silica saturated that the composition moved directly
across the pyroxene field to the pyroxene-silica boundary. This glass actually has a much
larger range of compositions than shown, starting from its present position and trending
directly away from the olivine. The other two experiments (Figure 15A) (1300°C IW-1.5 and
1400°C IW-0.5) however, plot on the olivine-pyroxene peritectic (Fe/(Fe+Mg)=30) and

contain no fractionation effect.

The Effects of Temperature and Oxygen Fugacity on the Synthetic H-CM Mixture

Experiments

One important difference between synthetic H-CM composition and synthetic Murchison
is the formation of pigeonite at the conditions of 1300°C and IW-0.5 (Table 13B) in the H-CM
composition instead of only olivine, reflecting the more pyroxene normative starting bulk

composition of the synthetic H-CM mixture.

Comparison of Glasses Produced from the Synthetic H-CM Mixture with Eucrites

The glasses produced by experiments on the synthetic H-CM mixture provide the closest
compositional match to the mean eucrites yet seen (Figure 16B). The best match to a eucrite
was produced at 1180°C and IW-0.5. The major discrepancy was Na2O, which is very
overabundant by a factor of 1.5.

Compared to the synthetic Murchison results, the synthetic H-CM results are less
variable, being no more than 20% off on any oxide, except Na20, at temperatures of 1180°C

and 1200°C and at IW-0.5.



40

Series Il Experiments: Natural Compositions
Natural Murchison Results

Fe-Mn-Mg Systematics of Natural Murchison

The effects of iron removal from natural Murchison on the Fe/Mn and Fe/(Fe+Mg) ratios
of coexisting olivines and glass are seen in Figure 17A. Oxygen fugacities of IW-0.5 remove
about 10-15% of the bulk iron within natural Murchison, but much lower oxygen fugacity
conditions (IW-1.5) are needed to remove approximately 50% of the bulk iron from the
starting composition and reduce Fe/Mn to eucritic values of ~50. Eucritic Fe/Mn ratios (30-45)
can be produced in the glasses from natural Murchison staring material, but the Fe/(Fe+Mg)
ratio is too low (45 instead of 65), so the iron loss curve for the natural Murchison glasses
misses the eucritic compositional field and passes through more Mg-rich compositions

(JUREWICZ et al, 1993).

Phase Equilibria of Natural Murchison

Compositions of the natural Murchison glass (1180°C IW-1.0) plot in LONGHI'S
pseudoternary (Figure 14) close to the peritectic point. They are displaced to the plagioclase
side of the peritectic point because of their high sodium contents (Table 13C).

The 1400°C IW-0.5 glasses fall on the olivine-pyroxene boundary (Fe/(Fe+Mg)x100=30)
(Figure 15A) and appear to be consistent with the synthetic Murchison experiments seen in
Figure 15B. Both sets plot at approximately the position where olivine fractionation path from

the Murchison bulk composition first intersects the olivine-pyroxene peritectic line.

The Effects of Temperature and Oxygen Fugacity on the Natural Murchison Experiments

Modal analysis of the Series 1l experiments (Table 15) was used to determine the
abundances of the phases present. With increasing temperature, there is an increase in the

modal abundance of glass and Fe-metal present, that corresponds to a decrease in the
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abundance of olivine (and possibly chromite). Lowering the oxygen fugacity however, causes
increased pyroxene and metal abundances.

Comparison of the natural Murchison experiments to synthetic Murchison experiments
shows that the natural compositions appear to retain more sodium than the synthetics (Table
13A and C). This is probably caused by the initial state of the sodium. In the natural
compositions, the sodium is chemically bonded within the mineral sites of some silicates in
Murchison. In order to volatilize the sodium these minerals must be broken down and the
bonds broken first. However, in the synthetic compositions sodium is present as a relatively
unstable oxide phase (NaHCOs - xH:0), that may decompose easily with increasing
temperature. Because only weak bonds of Na to other elements need to be broken, it

volatilizes immediately upon being heated.

Comparison of Natural Murchison to Literature Data

The natural Murchison 1180°C IW-1.0 experiment duplicates the conditions of
JUREWICZ et al. (1993), and is almost identical to their result (Figures 18 and 19A). The
cause of the difference between this natural Murchison experiment and the JUREWICZ et al.
(1993) probably reflects a small difference in the oxygen fugacity calibration (~0.2-0.3 log

units) between the two laboratories.

Comparison of Glasses Produced from Natural Murchison with Eucrites

The glasses from experiments on the natural Murchison composition do not match
eucrites very well except for the 1180°C IW-1 run (Figure 19A). The glass from the 1180°C
IW-0.5 run is depleted in silica (Table 13C) relative to the other Natural Murchison
experiments, containing only ~42-44 wt% SiO2, when the expected values are 47-49 wt%. A
possible explanation for the anomalous results is that a heterogeneous sampling of the

starting composition was taken, which may have been enriched in a CAl (calcium aluminum
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inclusion) component. A high CAl component could account for the higher than expected
abundances of TiOz, Ca0, and AlzOs, and the lower MgO content.
A substantial overabundance of sodium can be seen in the glasses of all three Natural

Murchison experiments shown on the diagram.

Allegan-Murchison Mixture Results

Fe-Mn-Ma Systematics of the Allegan-Murchison Mixture

Three runs were carried out on the Allegan-Murchison mixture at a temperature of
1180°C, but were run at three different oxygen fugacities (IW-0.5, IW-1.0, & IW-1.5). A fourth
experiment was carried out at a temperature of 1400°C and at an oxygen fugacity of IW-0.5
to investigate the possibility of producing a glass from which diogenites could subsequently
be derived.

The equilibrium glass compositions in these charges are similar to those in the synthetic
H-CM runs, but are more magnesian (Figure 17B and 13B), because the starting composition
of the natural Allegan-Murchison mixture has a lower Fe/(Fe+Mg) ratio than that of the
synthetic H-CM mixture. At 1180°C and oxygen fugacities of IW-0.5, the Allegan-Murchison
glass and olivine show 37% reduction (Figure 17B). As a result, glass Fe/Mn ratios (55-70)
substantially higher than those of eucrites are produced when eucritic Fe/(Fe+Mg) ratios are
attained. At lower fugacity conditions (IW-1.5), the reverse problem occurs, with

inappropriately low Fe/(Fe+Mg) ratios forming with eucritic Fe/Mn ratios.

Phase Equilibria of the Allegan-Murchison Mixture

The two Allegan-Murchison glasses (1180°C IW-0.5 & 1180°C IW-1.0) plot close to many
of the synthetic H-CM glasses in the silica-olivine-plagioclase pseudoternary of Figure 14
demonstrating the relationship by fractionation (of metal, suifide, and olivine) between the two
starting compositions. Three analyses from 1180°C IW-0.5 glass seem to trend into the

pyroxene field. This trend, however, appears to be an artifact of the projection caused by the



shift of the phase boundaries in the pseudoternary from the increasing Na/(Ca+Na) ratio
contained within the glasses. Since the three glass analyses plotting in the pyroxene field
have Na20 contents that are 0.3 - 0.5 wt% lower than the glasses at the peritectic, a shift in
the position of the peritectic point (and the phase boundaries) related to the Na/(Ca+Na) ratio
is probably occurring. The composition of the 1180°C IW-1.0 glass is the best match to
eucrite compositions that were made in the natural experiments. This glass plots slightly
above the eucrites (probably because of the overabundance of sodium).

The 1400°C IW-0.5 glass (Figure 15) is displaced from the olivine-pyroxene peritectic line
toward SiO2. This probably indicates that quenched olivine fractionation occurred, causing the
glass composition to migrate off the peritectic boundary directly away from olivine toward the

silica-pyroxene cotectic line.

The Effects of Temperature and Oxygen Fugacity on the Allegan-Murchison Mixture

Experiments

The compositional and modal trends for the natural Allegan-Murchison glasses are
extremely similar to those in the natural Murchison experiments. The glasses from the
Allegan-Murchison experiments contained the highest abundances of sodium (Table 13D)
and therefore had a high albite component within the mineral normative calculations (Table
14). The Allegan-Murchison glasses tended to be more plagioclase and slightly less pyroxene
normative than the natural Murchison glasses.

The modal analysis (Table 15) showed that with increasing temperature, an increase in
the modal abundances of glass and Fe-metal occurs and corresponds to a decrease in the
abundances of olivine (and possibly chromite). The effect of lowering the oxygen fugacity

however, causes increased pyroxene and metal abundances.
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Comparison of Glasses Produced by the Allegan-Murchison Mixture with Eucrites

The natural Allegan-Murchison mixture does not provide as good a match to the eucrites
(Figure 19B) as the synthetic H-CM composition and has deviations from the mean eucrites.
The composition however, does yield promising results for producing eucrites from chondritic

sources.

Discussion

The eucrites have unique characteristics that distinguish them from other types of
meteorites. Among these characteristics are the bulk composition, modal abundances of
mineral phases, and the chemical composition of those phases. From these characteristics,
the history of the eucrites can begin to be ascertained, from its original formation on its parent
planetoid to its final arrival and deposition on Earth. Further information from the apparently
related meteorites, the diogenites and howardites, can than be used to interpret a more
detailed petrogenetic history of the basaltic achondrite planetoid (BAP).

lgneous rocks can be formed under a variety of circumstances. For basalts, such as the
eucrites, there are essentially four dominant processes that can play a role in their formation:
1) equilibrium crystallization, 2) equilibrium melting, 3) fractional crystallization, and 4)
fractional melting.

The major control of any igneous rock's formation, however, is the available source
region from which the igneous composition derives. For the eucrites and diogenites, the
obvious source region is material from the asteroid belt, which is where nearly all of the
meteorites come from. Since the majority of meteorites are chondrites and many researchers
(STOLPER, 1977; MORGAN et al, 1978; DREIBUS and WANKE, 1980; JUREWICZ et al,
1993) have determined BAP is likely to resemble a chondritic meteorite, chondrites of some
type appear to be the preferred starting material. However, a mixture of different chondritic
materials is required, if the oxygen isotopes are to be satisfied, such as a composition

combining an H chondrite and a CM chondrite (DELANEY, 1993). The formation of an H-CM



planetoid appears plausible considering BUCHANAN et al (1993) found carbonaceous clasts
in the Bholghati and EET87513 howardites, while ZOLENSKY et al (1992) found
carbonaceous clasts in the LEW 85300 polymict eucrite, as weli as in the G'Day, Kapoeta,
Jodzie, Y793497 howardites and LEW 87295 polymict eucrite (ZOLENSKY et al, 1995). Even
if these particular clasts (most of which were identified to be CM2 clasts) are not remnants of
the impact that produced the planetoid but were instead deposited on BAP after its formation
(which seems likely), they demonstrate that the necessary chondritic material is available to

form the source region for the HED meteorites.

Equilibrium Partial Melting and Crystallization and the Basaltic Achondrite Planetoid

If we assume that equilibrium conditions existed on BAP at the time the eucrites and its
associated meteorites formed, a trace of the paths of equilibrium crystallization and
equilibrium melting on the olivine-plagioclase-silica pseudoternary should show what results
from each process. Investigation reveals that the equilibrium melting and crystallization paths
trace over one another, but in the reverse direction, and the final products formed using either
melting or crystallization are identical. Therefore, equilibrium crystallization and equilibrium
melting will be discussed together.

From the results of the Series 1l and I{l equilibrium partial melting experiments, a broadly
eucritic melt can be produced from a chondritic source. However, the melt created will not
produce appropriate Fe/Mn ratios with eucritic Fe/(Fe+Mg) ratios, and alkalis are
overabundant. Ignoring the alkali problem for now (this will be discussed later in describing
the formation of the basaltic achondrite planetoid), and concentrating on the synthetic H-CM
and natural Allegan-Murchison experiments, since they showed more promising results than
the Murchison composition, the main problem is modifying the Fe/(Fe+Mg) ratio of the bulk
composition, while keeping its Fe/Mn ratio constant (or vice verse), thereby creating bulk
ratios that, when partially melted (or crystallized), can produce eucritic glasses. Figure 20

demonstrates graphically what is required to achieve a satisfactory eucrite precursor
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composition once a mixture like Allegan-Murchison has formed. The silicate portion of the
Allegan-Murchison composition (labeled nominal H-CM in the diagram) is reduced until
approximately 12 wt% FeO is converted to Fe-metal. This reduction moves the bulk
composition down the iron loss path from Fe/Mn=54 to Fe/Mn=38. This composition,
however, has an Fe/(Fe+Mg) of 19. Based on the natural Murchison and Allegan-Murchison
experiments, this Fe/(Fe+Mg) is too low to be a eucritic precursor assuming equilibrium
conditions existed, and would require an Fe/(Fe+Mg) ratio of ~30 to produce a glass with a
eucritic Fe/(Fe+Mg). In order to modify the composition to a higher Fe/(Fe+Mg) ratio,
approximately 20 wt% olivine must be fractionated. Extraction of the olivine moves the
composition paraliel to the Fe/(Fe+Mg) axis (shown by the hollow arrow) toward the synthetic
H-CM bulk composition point. If olivine is the only fractionating phase, only Fe and Mg
abundances are substantially modified, leaving the remaining elements essentially
unaffected. When partial melting of this olivine depleted composition under reducing
conditions occurs (1180°C IW-0.5), a glass with appropriate eucritic Fe/Mn and Fe/(Fe+Mg)
ratios will be produced. The same calculations can be done using the bulk composition of
Allegan-Murchison, instead of just the silicate portion with the same results being achieved. In
this case, a much larger proportion of the original Fe budget (approximately 62 wt% FeO,
assuming all Fe is FeO) must be removed by reduction. Although this modification process
can be applied to any of the chondritic meteorite classes to achieve similar results [like the
CM meteorites (Murchison)], it should be noted that the composition of any single chondritic
type of meteorite (such as a CM) requires that larger amounts of olivine and/or Fe-metal be
removed from the bulk composition before equilibrium partial melting. The composition of a
single chondritic meteorite type also cannot satisfy the oxygen isolope constraints, like a
mixture composition, such as natural Allegan-Murchison.

The eucrites, diogenites, and howardites all appear to be related. If the eucrites formed
by equilibrium melting or crystallization processes, than the diogenites spatial and temporal

relationship to the eucrites on the basaltic achondrite planetoid (BAP) would also need to be



addressed [The howardites, although important, are essentially breccias containing a
combination of diogenitic and eucritic lithologies that have been altered by impact processes,
and are probably not primary rock types like the eucrites or diogenites (McCARTHY et al,
1973; MASON et al, 1979). They therefore do not influence how the primary lithologies
formed].

On BAP, the Fe-metal produced from the reduction of the silicate FeO to Fe-metal (and
any pre-existing Fe-metal in the parent body) would most likely sink from its higher density
and become a small core (~30% of total mass), while the olivine fractionation that occurred
would go into the formation of an olivine rich mantle. The FeO reduction occurs because 1)
the ambient oxygen fugacity in that area of the early solar system was near IW-1.0 naturally
(SATO et al, 1973; STOLPER, 1977), 2) elemental carbon that is available within the BAP
bulk composition undergoes a reaction with the silicate FeO to produce Fe-metal and CO2, or
3) a combination of the ambient oxygen fugacity and some available carbon reacts with FeO
producing Fe-metal. The exact process resulting in the FeO reduction may not be able to be
determined. STOLPER (1977) found that the eucrites were saturated in five phases
(pigeonite, olivine, plagioclase, spinel, and metal) at conditions very near IW-1.0. As
STOLPER (1977) states:

"if conditions of pressure and oxygen fugacity can be found at which a given

rock composition has more than three phases at its liquidus, it is probable

that this rock was produced by quenching of a liquid and that the generation

of this liquid involved equilibria between the liquid and the liquidus phases at

the conditions at which the liquidus is multiply saturated.”
It is therefore very likely that the oxygen fugacity was very near IW-1.0 on the parent body
(and that eucrites are very likely to result from equilibrium processes).

The above quote from STOLPER (1977) also implies that melting just above the solidus
temperature for a composition like the H-CM mixture, is equivalent to the liquidus

temperature of the eucrites, and therefore the eucrites likely derive from a chondritic (H-CM

like) source.
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The silica-olivine-plagioclase pseudoternary in Figure 21 shows the paths taken by the
liquids and bulk compositions during eucrite petrogenesis. The A-M composition shows the
position the composition has before both olivine fractionation and Fe reduction, while the H-
CM composition shown is after fractionation and reduction. The equilibrium crystallization
path begins at the bulk H-CM composition and trends directly away from olivine during olivine
crystallization, until reaching the olivine-pyroxene peritectic boundary. At this point, pyroxene
is produced at the expense of olivine as the bulk composition moves along the dotted path
marked (a) until the peritectic point is reached and eucritic glass is left. The equilibrium
melting path overplots the equilibrium crystallization path but moves in the reverse direction.

The diogenites are orthopyroxenites and appear to be mostly monomict or polymict
breccias. Since brecciation usually involves some degree of surface processing or impacting
on the parent body and assuming 1) the meteorite sampling seen on Earth is representative
of the lithologies on BAP and 2) no large scale tectonic processes occurred on BAP, than the
diogenites probably occurred as surface or near surface lithologies, like the eucrites. This
would imply that if eucrites are the products of equilibrium partial melting than diogenites
cannot be derived from the same magma, but rather must have formed under different
petrogenetic and regional conditions, to allow alternative processes (such as fractional
crystallization) to occur. It would also imply that a layered crust (TAKEDA, 1979) probably
cannot exist on BAP on any planetoid-wide scale, since this would probably force the
derivation of one lithology (eucrites) from the residual of another lithology (diogenites). From
these implications, we can only assume that BAP contains a heterogeneous crust that varies
from region to region. Then how did the diogenites form? Although it is possible to create
diogenites through equilibrium partial melting, the bulk composition from which it forms must
be extremely pyroxene normative, plotting on the pseudoternary either just below the olivine-
pyroxene peritectic boundary in the olivine field or plotting somewhere inside the pyroxene
field itseif. The production of such a bulk composition from a chondritic source however

becomes a problem, since the composition does not have a sufficiently large orthopyroxene
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stability field (JUREWICZ et al, 1995) and processing involving either fractional crystallization
and/or melting must also be considered to account for them.

A more reasonable possibility is that the diogenites formed by fractional crystallization of
orthopyroxene from high temperature melts, like those in the 1300 - 1400°C synthetic H-CM
experiments. These experimental glasses have compositions containing Fe/(Fe+Mg) ratios
~30 and Fe/Mn ratios of ~30. Fractionally crystailizing this melt would produce
orthopyroxenites strikingly similar to diogenites, with the orthopyroxene being ~Enzs and

Fe/Mn ratios ~26.

Fractional Crystallization and BAP

MASON (1962) first suggested that the eucrites were a product of fractional crystallization
from a residual liquid that had previously crystallized diogenite cumulates. This residual liquid
resulted when a magnesian (olivine-rich) parent magma (that was presumably chondritic)
experienced olivine fractionation at depth inside its parent body. The fractionated olivine
formed the mantle, while subsequent fractionation of mafic mineral cumulates, near the
surface, produced cumulate orthopyroxenites, which are represented by the diogenites. The
remaining residual liquid that was left than crystallized into the eucrites.

Fractional crystallization of a bulk composition like the synthetic H-CM or natural Allegan-
-Murchison would not yield a residual liquid that looked even remotely like a eucrite (Figure
21, Path b). If we assume that the diogenites formed from an olivine poor fractionally
crystallized high temperature melt (like the 1300 - 1400°C synthetic H-CM glass in Figures 15
A & B), as discussed above, then the liquid remaining after orthpyroxene fractionation would
be saturated with silica, pyroxene and plagioclase phases, resembling a terrestrial norite or
quartz monozonite (MORSE, 1980). The reason for this silica rich melt is that during
orthopyroxene fractionation the bulk composition leaves the olivine-pyroxene peritectic
boundary and continues straight across the pyroxene field until intersecting the pyroxene-

plagioclase boundary, between the eutectic and peritectic points. Fractionation of more



pyroxene and plagioclase phases will then persist until reaching the eutectic point, where an
additional phase, a silica polymorph, will begin to crystallize to completion. The peritectic
point, where eucrites would crystallize, is never reached during the entire fractional
crystallization process. Even if the entire olivine-pyroxene phase boundary were a cotectic
boundary [which for many reasons it is not, see DELANEY (1986a), DELANEY et al (1981),
(1984), HEWINS and NEWSOM (1988), and LONGHI and PAN (1988b) for more details], at
best, only a small instantaneous eucritic melt might be produced during the fractional
crystallization process. However, the possibility that such a small amount of melt could
account for a large proportion of the eucrites is highly unlikely. The major problem is there is
no mechanism to halt the fractionating liquid at the peritectic point, and thereby inhibit it from
going to completion.

One of few methods of deriving a eucritic melt, which previously crystallized the
diogenites, would be to start with a composition that is substantially more Fe-rich
[Fe/(Fe+Mg)~50] than the natural or synthetic H-CM compositions, and place it initially, deep
(130km+) inside the parent planetoid (BARTELS and GROVE, 1991; GROVE and BARTELS,
1992). This depth, which is equivalent to a pressure of ~500 bars to 1 kbar, effects the
olivine-pyroxene peritectic boundary so that upon pyroxene fractionation, the bulk
composition does not trend markedly across the pyroxene field like the synthetic H-CM would,
but stays slightly above the peritectic boundary, where it would eventually intersect the
pyroxene-plagioclase boundary just above the peritectic point. This magnesian composition
would thereby be able to fractionate the diogenites and produce a residual liquid to crystallize
some eucritic lithologies. A problem with this model however, is that the eucritic melt
produced cannot be inhibited from fractionating to completion at the eutectic point. The
quantity of eucritic melt produced would therefore only consist of a small fraction of the

original composition.
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Fractional Melting and BAP

Unlike equilibrium melting and crystallization, fractional melting does not follow the
reverse path as fractional crystallization, and, in fact, resuits in compositions that are radically
different from it. During fractional melting, melt is continuously extracted from the bulk (solid)
composition as it is formed. For a composition, like the synthetic H-CM or natural Allegan-
Murchison, the melt forms at the peritectic point, where the minimum melting temperature for
the system, olivine-plagioclase-silica, is located and where the bulk compositions of the
eucrites plots. The melt is saturated in olivine, plagioclase, and pigeonite (+spinel+metal). As
this melt is extracted, the composition of the residual solids begins to move directly away
from the peritectic point (Figure 21, Path d). This extraction of melt continues until
plagioclase is exhausted in the residual solids. At this point, the bulk composition intersects
the olivine-silica leg of the pseudoternary. A subsequent increase in the temperature,
however, will not produce any additional melt, since the peritectic point of the olivine-silica
binary would need to be reached in order to produce melt (There is also a corresponding
absence of change in the solids). Once the olivine-silica binary peritectic is reached, melt
saturated in olivine and pyroxene begins to be generated and extracted. This melt extraction
causes the remaining bulk composition to move directly away from the binary peritectic point,
down the olivine-silica leg of the pseudoternary, towards olivine. Melt extraction continues
until pyroxene is exhausted and melting is halted for a second time (The bulk composition
arrives at olivine). Increases in the temperature beyond this point, will not result in the
formation of melt, until the melting temperature for the remaining olivine composition is
reached. Any melt produced (and extracted) above this implausibly high temperature will only
be saturated in olivine, which will eventually be exhausted and the process ended.

The production of eucrites from the H-CM composition during fractional melling is
extremely easy. A substantial amount of eucritic melt is created at the beginning of fractional
melting, and assuming the sampling of basaltic achondritic meteorites found on Earth is

representative of the surface of BAP, the amount of melt could easily account for why the
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dominant lithology seen on BAP is eucritic. The diogenites might also form by fractional
melting as a residual melt that is produced after the eucritic melt is extracted. The diogenitic
melt would form at the olivine-silica binary peritectic, and assuming pyroxene fractionation
occurs, an orthopyroxenite would crystallize. If the diogenites did not form as a residual after
the production of eucrites, than they would require, much like in equilibrium melting or
crystallization, that the primary H-CM bulk composition be modified from its present position
in the olivine field to a more pyroxene normative position in the pseudoternary, not producing

abundant olivine normative melts upon crystallization.

A Method to Produce a Planetoid by Mixing H and CM Chondrites.

The evolution of the basaltic achondrite planetoid (BAP) has been a problem ever since
the discovery of the eucrites. Most calculations of it's bulk composition (CONSOLMAGNO
and DRAKE, 1977; DREIBUS et al. 1976, 1977, DREIBUS and WANKE, 1979, 1980;
MORGAN et al., 1977), have not dealt with the method of formation of the parent body
represented by that composition. However, since the model of BOESENBERG and
DELANEY (1994a & b) explicitly involves large scale mixing of two (or more) very distinctive
components, the method by which they were mixed is of some importance. WETHERILL
(1981) pointed out that impacts are fundamental to normal planet forming processes.
Collisions were frequent in the early forming solar system. HARTMANN (1986) and
HARTMANN and VAIL (1986) have argued that an extreme end member of the spectrum of
impact processes involves giant impacts that can radically alter a pre-existing planetary body
and completely redefine its characteristics. The BOESENBERG and DELANEY (1994a & b)
view of the formation of the BAP planetoid simply applies this logic to the less extreme case
of smaller asteroidal sized bodiés. in the early solar system, the development of
planetesimals produced H chondritic planetoids and CM chondritic planetoids that are
represented by meteorites. Collision of two such objects provides a potential mechanism for

mixing such apparently different precursor compositions. A result of such a "small” giant
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impact would almost certainly involve the dispersal of a large proportion of the mass of the
impactors after the impact. If sufficient mass were available, perhaps enough material would
fall back gravitationally to form a large asteroid like Vesta, the basaltic achondrite planetoid.
Total melting of the resulting planetoid could occur, because of the large energy exchange
associated with impact processes, causing homogenization of the body prior to the formation
of a solid crust and mantle and the onset of the magmatism that is represented by the
eucrites, diogenites and howardites. A requirement of a BAP planetoid model, however, is the
almost total removal of the alkali elements and other voiatile elements as the basaltic
achondrites have much lower alkali contents than the precursor composition. While
volatilization of the alkalis is plausible, the isotopic measurements of potassium isotopes by
HUMAYUN and CLAYTON (1993) appear to preclude conventional liquid-vapor volatilization
mechanisms following Rayleigh fractionation laws. HASHIMOTO (1990) and DAVIS et al,,
(1990) have shown negligible isotope fractionation during sublimation of solid forsterite
samples, whereas liquid sample show marked fractionation of Mg isotopes. The isotopic
indicators of volatile loss, therefore may not be independent of the mechanism by which the
volatile loss occurs. Since the mixing model proposed implies that impact processes were
important, it will be important to document the effect of shock modification of silicates on the
mechanism of alkali volatilization and hence on volatile related isotope fractionation effects in
the future. If a mechanism for alkali volatilization can be identified that avoids the constraints
imposed by these potassium isotope measurements, then the "small giant impact”
mechanism may be an appropriate way to construct an achondritic planetoid by mixing

chondritic material from two or more sources.

Conclusions
1. Eucritic melts can be produced by equilibrium partial melting, equilibrium crystallization, or

fractional melting of a chondritic composition similar to Allegan-Murchison mixture. The Fe-
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Mn-Mg systematics, however, require that the bulk composition undergo a moderate amount
of Fe-metal and olivine fractionation before one or more of the processes occurs.

2. The Allegan-Murchison cocktail composition of DELANEY (1993) produces a more
favorable precursor composition than CM meteorites, like Murchison (or any other singular
class of meteorite), even if the oxygen isotope constraint is ignored, since it requires less
fractionation than any single chondritic type of meteorite (such as the CM chondrites).

3. The only compositional difference between the synthetic H-CM (or a modified form of
natural Allegan-Murchison) glasses and true eucrites is the overabundance of alkalis in the
glasses. The alkali content differences between the cocktail composition and natural eucrite
samples requires that some unidentified mechanism (such as impact) deplete the alkali
elements in the eucrites. Either the alkalis presently seen in H-chondrites were not present in
the chondritic components that were mixed to form BAP or the formation of the planetoid led
to the removal of the alkali elements. Further work is needed to resolve this problem.

4. Orthopyroxene fractionated from compositions similar to high temperature synthetic H-CM
(1300-1400°C) partial melts can produce diogenitic lithologies, further supporting the
argument that the basaltic achondrite planetoid is composed of at least two mixed chondritic

classes.

References

AYLMER, D., HERZOG, G. F., KLEIN, J. and MIDDLETON, R. (1986) Beryllium-10 contents
of eucrites. Meteoritics 21, 329.

BARTELS, K. S. and GROVE, T. L. (1991) High-pressure experiments on magnesian eucrite
compositions: Constraints on magmatic processes in the eucrite parent body. Proc. Lunar and
Planetary Science, 21 351-365.

BINZEL, R. P., and XU, S. (1993) Chips off of Asteroid 4 Vesta: Evidence for the parent body
of basaltic achondrite meteorites. Science 260, 186-191.

BOESENBERG, J. S. and DELANEY, J. S. (1994a) The composition of the Basaltic
Achondrite Planetoid: A model constrained by oxygen isotopes, Fe-Mn-Mg systematics and a
phase equilibrium test of that model. Geochim. Cosmochim. Acta (submitted).

BOESENBERG, J. S. and DELANEY, J. S. (1994b) Resuilts of partial melting experiments on
chondritic precursors of basaltic achondrites. Meteoritics 29, 445-4486,



55

BUCHANAN, P. C., ZOLENSKY, M. E., and REID, A. M. (1993) Carbonaceous chondrite
clasts in the howardites Bholghati and EET87513. Meteoritics 28, 659-669.

CHAPMAN, C. R. and SALISBURY, J. W. (1973) Comparisons of meteorite and asteroid
spectral reflectivities. lcarus 19, 507-522.51.

CHOU, 1. (1987) Oxygen buffer and hydrogen sensor techniques at elevated pressures and
temperatures. In G. C. Ulmer and H. L. Bames (eds.) Hydrothermal Experimental
Techniques, John Wiley & Sons, New York, 61-98.

CLAYTON, R. N. (1993) Oxygen isotopes in meteorites. Ann. Rev. Earth Planet. Sci. 21, 115-
149.

CONSOLMAGNO, G. J. and DRAKE, M. J. (1877) Composition and evolution of the eucrite
parent body: evidence from rare earth elements. Geochim. Cosmochim. Acta 41, 1271-1282.

DAVIS, A. M., HASHIMOTO, A., CLAYTON, R. N., and MAYEDA, T. K. (1990) Isotope
fractionation during evaporation of MgzSiO4. Nafure 347, 655-658.

DELANEY, J. S. (1986a) Phase equilibria for basaltic achondrites. Lunar and Planetary
Science, XVII,164-165.

DELANEY, J. S. (1986b) The basaltic achondrite planetoid. Lunar and Planetary Science,
XVH, 166-167.

DELANEY, J. 8. (1986c¢) A provincial model for the crust of a basaltic achondrite planetoid.
Meteoritics 21, 352-353.

DELANEY, J. S. (1993) Fe/Mn and oxygen isotope constraints on the compositions of the
basaltic achondrite parent body. Meteoritics 28, 340-341.

DELANEY, J. S. and BOESENBERG, J. S. (1993) Fe/Mn constraints on precursors of
basaltic achondrites. Lunar and Planetary Science, XXIV, 391-392.

DELANEY, J. S., PRINZ, M., NEHRU, C. E., and HARLOW, G. E. (1881) A new basait group
from howardites: mineral chemistry and relationships with basaltic achondrites. Lunar and
Planetary Science XlI, 211-213.

DELANEY, J. S, PRINZ, M., and TAKEDA, H. (1984) The polymict eucrites. Proc. Lunar
Planet. Sci. Conf. 15th, in Journal of Geophysical Research, 89, C251-C288.

DREIBUS, G., and WANKE, H. (1979) On the chemical composition of the Moon and eucrite
parent body and a comparison with the composition of the earth, the case of Mn, Crand a V.
Lunar and Planetary Science X, 315-317.

DREIBUS, G., and WANKE, H. (1980) The bulk composition of the eucrite parent asteroid
and its bearing on planetary evolution. Z. Naturforsch. 35a, 204-216.

DREIBUS, G., SPETTEL, B., and WANKE, H. (1976) Lithium as a correlated element, its
condensation behavior, and its use to estimate the bulk composition of the moon and the
eucrite parent body. Proc. Lunar Sci. Conf. 7, 3383-3396.



DREIBUS, G., KRUSE, H., SPETTEL, B., and WANKE, H. (1977) The bulk composition of
the moon and the eucrite parent body. Proc. Lunar Sci. Conf. 8, 211-227.

FARINELLA, P., , FROESCHLE, C. H., and GONCZI, R. (1992) Meteorites from the asteroid
6 Hebe. Celestial Mechanics., in press.

FARINELLA, P., GONCZI, R., FROESCHLE, C. H., and FROESCHLE, C. (1993) The
injection of asteroid fragments into resonances, /lcarus 101, 174-187.

FEIERBERG, M. A. and DRAKE, M. J. (1980) The meteorite-asteroid connection: The
infrared spectra of eucrites, shergottites, and Vesta. Science 209, 805-807.

GLASS, B. P. (1982) Introduction to planetary geology. Cambridge University Press, New
York, 469 pp.

GOLDSTEIN, J. I., NEWBURY, D. E., ECHLIN, P., JOY, D. C., ROMIG, A. D., JR,, LYMAN,
C. E, FIORI, C., and LIFSHIN, E. (1992) Scanning electron microscopy and x-ray
microanalysis, 2nd ed. Plenum Press, New York, 820pp.

GROVE, T. L. and BARTELS, K. S. (1992) The relation between diogenite cumulates and
eucrite magmas. Proc. Lunar Planet. Sci. Conf., 22, 437-445.

HARTMANN, W. K. (1986) Moon origin: The impact-trigger hypothesis. In Origin of the Moon
(eds. W. K. HARTMANN, R. J. PHILLIPS and G. J. TAYLOR), Lunar and Planetary Institute,
Houston, 579-608.

HARTMANN, W. K. and VAIL, S. M. (1986) Giant impactors: Plausible sizes and populations.
In Origin of the Moon (eds. W. K. HARTMANN, R. J. PHILLIPS, and G. J. TAYLOR), Lunar
and Planetary Institute, Houston, 551-566.

HASHIMOTO, A. (1990) Evaporation kinetics of forsterite and implications for the early solar
nebula. Nature, 347, 53-55.

HEINRICH, K. F. J. (1991) Strategies of electron probe data reduction. In Electron Probe
Quantitation (eds. K. F. J. Heinrich and D. E. Newbury), Plenum Press, New York, 9-18.

HERZOG, G. F. and CRESSY, P. J. (1977) Diogenite exposure ages. Geochim. Cosmochim.
Acta 41, 127-134.

HERZOG, G. F., HAMPEL, W., WANKE, H. and HOFMEISTER, H. (1978) 25Al production in
Allende, Bereba, and Juvinas. Mefeoritics 13, 491.

HEWINS, R. H. and NEWSOM, H. E. (1988) Igneous activily in the early solar system. In
Meteorites and the Early Solar System (eds. J. F. Kerridge and M. S. Matthews), University of
Arizona, Tucson, 73-101.

HUEBNER, J. S. (1987) Use of gas mixtures at low pressure to specify oxygen and other
fugacities of furnace atmospheres. In G. C. Ulmer and H. L. Bames (eds.) Hydrothermal
Experimental Techniques, John Wiley & Sons, New York, 20-60.

HUMAYUN, M. and CLAYTON, R. N. (1993) Potassium isotope cosmochemistry, volatile
depletion and the origin of the earth. In Lunar and Planetary Science, Vol. XXIV, Lunar and
Planetary Institute, Houston, 685-686.



JAROSEWICH, E. (1990) Chemical analyses of meteorites: a compilation of stony and iron
meteorite analyses. Meteoritics 25, 323-337.

JAROSEWICH, E., NELEN, J. A., and NORBERG, J. A. (1980) Reference samples for
electron microprobe analysis. Geostandards Newsletter 4, 43-47.

JONES, J. H. (1984) Temperature- and pressure- independent correlations of olivine/liquid
partition coefficients and their application to trace element partitioning. Contrib. Mineral.
Petrol. 88, 126-132.

JUREWICZ, A. J. G. (1986) Appendix 2: Software used to calculate run conditions for the
Deltech controlled-atmosphere furnace. In Effect of temperature, pressure, oxygen fugacity
and composition on calcium partitioning, calcium-magnesium distribution and the kinetics of
cation exchange between olivines and basaltic melts (Thesis for the Geology Department,
Rensselaer Polytechnic Inst., Troy, NY), 206-213.

JUREWICZ, A. J. G., MITTLEFEHLDT, D. W. and JONES, J. H. (1991) Partial melting of the
Allende (CV3) meteorite: implications for origins of basaltic meteorites. Science 252, 695-
698.

JUREWICZ, A. J. G., MITTLEFEHLDT, D. W. and JONES, J. H. (1993) Experimental partial
melting of the Allende (CV) and Murchison (CM) chondrites and the origin of asteroidal
basalts. Geochim. Cosmochim. Acta 57, 2123-2139.

JUREWICZ, A. J. G., MITTLEFEHLDT, D. W. and JONES, J. H. (1995) Experimental partial
melting of the St. Severin (LL) and Lost City (H) chondrites. Geochim. Cosmochim. Acta 59,
391-408.

KINZIE, P. A. (1973) Thermocouple Temperature Measurement, John Wiley & Sons, New
York, 1-41.

KUSHIRO, |. and MYSEN, B. 0. (1979) Melting experiments on a Yamato chondrite. Mem.
Natl. Inst. Polar Res. (Japan), Spec. Issue 15,165-170.

LONGHI, J. and PAN, V. (1988a) Phase equilibrium constraints on the howardite - eucrite -
diogenite association. Proc. Lunar Planet Sci. Conf. 18, 459-470.

LONGHI, J. and PAN, V. (1988b) A reconnaissance study of phase boundaries in low-alkali
basaltic liquids. J. Pefrology 29, 115-147.

LONGHI, J., WALKER, D., and HAYS, J. F. (1975) Fe-Mg distribution between olivine and
funar basaltic liquids. EOS 56, 471.

MASON, B. (1962) Meteorites. Wiley, New York.

MASON, B., JAROSEWICH, E., and NELEN, J. A. (1979) The pyroxene-plagioclase
achondrites. Smithsonian Contrib. Earth Sci., 22, 27-45.

McCARTHY, T. S, ERLANK, A. J., and WILLIS, J. P. (1973) On the origin of eucrites and
diogenites. Earth Planet. Sci. Left. 18, 433-442.

McCORD, T. B., ADAMS, J. B., and JOHNSON, T. V. {1970) Asteroid Vesta: Spectral
reflectivity and compositional implications. Science 168, 1445-1447.

57



38

MORGAN, J. W., HIGUCHI, H., TAKAHASHI, H., and HERTOGEN, J. (1978) A "chondritic”
eucrite parent body: inference from trace elements. Geochim. Cosmochim. Acta 42, 27-38.

MORSE, S. A. (1980) Basalts and phase diagrams. Springer-Verlag, New York.

NAFZIGER, R. H., ULMER, G. C., and WOERMAN, E. (1971) Gaseous buffering for control
of oxygen fugacity at one atmosphere. In G. C. Ulmer (ed.), Research Techniques for High
Pressure and High Temperature, Springer-Verlag, New York, 9-41.

POWELL, R. L. (1972) Revision of the standard reference data for thermocouples. In H. H.
Plumb (ed.), Temperature: Its measurement and control in science and industry, Volume 4.
Instrument Society of America, Pittsburgh, 1579-1602.

SATO, M. (1971) Electrochemical measurements and control of oxygen fugacity and other
gaseous fugacities with solid electrolyte sensors. In G. C. Ulmer (ed.), Research Techniques
for High Pressure and High Temperature, Springer-Verlag, New York, 43-99.

SATO, M., HICKLING, N. L. and MCLANE, J. E. (1973) Oxygen fugacity values of Apolio 12,
14, and 15 lunar samples and reduced state of lunar magmas. Proc. Fourth Lunar Sci Conf.,
Geochim. Cosmochim. Acta Suppl. 4, 1061-1079.

SCHULTZ, L. (1987) Exposure ages of basaltic achondrites and implications for the
stratigraphy of their parent body. Lunar Planet. Sci. XVHI, 884-885.

STOLPER, E. (1975) Petrogenesis of eucrite, howardite, and diogenite meteorites. Nature
258, 220-222.

STOLPER, E. (1977) Experimental petrology of eucritic meteorites. Geochim. Cosmochim.
Acta 41, 587-611.

TAKAHASHI, E. (1978) Partitioning of Niz, Co?, Fe?*, Mn?, and Mg between olivine and
silicate melts: compositional dependence of partition coefficient. Geochim. Cosmochim. Acta
42, 1829-1844.

TAKAHASHI, E. (1983) Melting of a Yamato chondrite (Y-74191) up to 30 kbar. Mem. Natl.
Inst. Polar Res. (Japan), Spec. Issue 30, 168-180.

TAKEDA, H. (1979) A layered-crust model of a howardite parent body. /carus 40, 455-470.

TAKEI, H. (1976) Czochralski growth of Mn2SiOs (Tephroite) single crystal and its properties.
J. Crystal Growth 34, 125-131.

TAKEI, H. (1978) Growth of fayalite (Fe2SiOs) single crystals by the floating-zone method. J.
Crystal Growth 43, 463-468.

TAKEI, H. and KOBAYASHI, T. (1974) Growth and properties of Mg2SiO« single crystals. J.
Crystal Growth 23, 121-124.

TURRIN, R. P. (1984) Construction, maintenance and operation of an oxygen fugacity
monitoring petrologic furnace. (B.A. honors thesis for Dept. of Geological Sciences, Rutgers
College, Rutgers University, New Brunswick, NJ), 31 pp.

WALKER, D., and AGEE, C. B. (1988) Ureilite compaction. Meteoritics 23, 81-91.




59

WARREN, P. H. (1985) Origin of howardites, diogenites, and eucrites: a mass balance
constraint. Geochim. Cosmochim. Acta 49, 577-586.

WETHERILL, G. W. (1981) The formation of the Earth from planetesimals. Scientific
American, 244(6), 162-174.

ZOLENSKY, M. E., HEWINS, R. H., MITTLEFEHLDT, D. W., LINDSTROM, M. M., XIAQ, X.,
and LIPSCHUTZ, M. E. (1992) Mineralogy, petrology, and geochemistry of carbonaceous
clasts in the LEW 85300 polymict eucrite. Meteoritics 27, 596-604.

ZOLENSKY, M. E., WEISBERG, M. K., BUCHANAN, P. C., and MITTLEFEHLDT, D. W.
(1995) Mineralogy of carbonaceous chondrite clasts in howardites and eucrites. (unpublished,
in progress).



60

Figure Captions:

Figure 1: Oxygen isotope diagram, after CLAYTON (1992) and modified by DELANEY (1993)
showing the basaltic achondrite field and several potential mixing components that may be
mixed together to produce compositions on the achondrite mass fractionation line.

Figure 2: Schematic details of the Deltech VTOS/C vertical muffle tube gas mixing furnace.
a) Alumina muffle tube
b) Upper brass cooling head
c) Lower brass cooling head
d) Water outlet to upper cooling head
e) Water inlet to upper cooling head
f) Water outlet to lower cooling head
g) Water inlet to lower cooling head
h) Gas Inlet at rear of upper cooling head
i) Gas Outlet at rear of lower cooling head
j) Furnace thermocouple entering through the back wall of the furnace
k) Furnace heating element
I) Insulation
m) Exterior metal casing surrounding furnace
n) Hotspot location - about 3 cm high
o) Buss bar heating element connectors
p) Power supply connectors
q) Removable brass cap (The sample rod and experimental charges in
Figure 3 are inserted into the furnace through this opening.)

Figure 3: Three views detailing the experimental setup on the sample rod.

A) Generalized cross section of the sample rod showing the a) brass head, b) 40 cm long,
four bore alumina tube, c) thermocouple wires, and d) support wires for the experimental
charges (Figure is slightly exaggerated for clarity).

B) Close-up and detailed view of the lower section of the sample rod showing the actual
setup of the experimental charges (Figure is slightly exaggerated for clarity).
a) Four bore alumina tube
b) Alumina rings used to aid in the support of the charges
¢) Thermocouple wires
d) Sample rod platinum support wires
e) Fe or Pt-Fe support wires for the experimental charges
f) Thermocouple butt weld
g) Experimental charges

C) A different perspective illustrating how the experimental charges were supported and
positioned on the Fe or Pt-Fe support wires while in the furnace.

Figure 4: Temperature calibration setup showing the positions of the sample rod support
wires, the thin Pt wires, and the Au (or Pd) wires.

Figure 5: Graph of temperature taken by sample rod thermocouple versus the furnace display
readings showing that the furnace display readings, although similar to actual temperatures,
linearly deviate over a broad temperature range.

Figure 6: Cross section through the lower end of oxygen fugacity sensor and thermocouple
assembly. The four bore alumina rod (a) is sealed with epoxy to the inside of the yttrium-
zirconia tube (b). Two of the bore holes in the alumina rod are used for the thermocouple
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wires (c). A platinum wire (d), which is connected to the interior platinum foil (e) is then
passed through a third bore hole. A platinum wire (f) is also attached to the exterior platinum
foil (g). The fourth bore hole is used to pass oxygen into the interior of the fugacity sensor.

Figure 7: A) Schematic diagram of the original gas mixer showing that the gas flow from the
high volume gas (CO) could create back pressure in the low volume gas (CO2) line.
Depending on the flow rates that were used to calibrate the oxygen fugacity initially, and
those used during each experiment, the back pressure applied to the low volume gas line
would result in oxygen fugacities lower than expected. The effect would be more severe on
low oxygen fugacities than high ones, because the greater flowrate from the high volume gas
would create a larger back pressure and reduce the fugacity further. B) Schematic diagram of
the rebuilt gas mixer showing the inlets for the COz and CO gases, the direction of flow, and
the five pieces used in the assembly.

Figure 8: Log fO2 vs. the A) observed and B) calculated gas mixture ratio showing the drastic
differences in the observed conditions found within the furnace. In general, the observed
conditions were more oxidizing than they were calculated to be by approximately ~0.5 log
units.

Figure 9: Temperature vs. the A) observed and B) calculated gas mixture ratio demonstrating
the drastic oxidizing conditions found in the furnace. The difference is caused by a leak,
probably located near the edges of the muffle tube, where the cooling head comes in contact
with the muffle tube. Air may also be able to enter along the edges of the sample rod when it
is inserted into the top of the furnace.

Figure 10: Temperature vs. observed gas mixture ratio drawn from the final calibration results
in Tables 8 and 9. This graph was used to determine the proper gas ratio necessary to
achieve the desired oxygen fugacity conditions during the experiments.

Figure 11: Iron loss effects on the Series | experiments showing the resulting glasses and
olivines plotted in an Fe/Mn vs. Fe/(Fe+Mg)x100 diagram. With increasing temperature, more
platinum comes in contact with the experimental charge (the meit tends to migrate up the
platinum wire) and allows greater amounts of iron to be removed. Therefore large
fractionations occur at high temperature (abundant melt), such as in M17 and M19 (1580°C),
and substantially less iron is removed at lower temperatures such as M4 (1180°C).

Figure 12: Silica-olivine-plagioclase pseudoternary diagram showing the effects of Fe loss on
the bulk composition of synthetic Murchison. The phase boundaries seen are for an
Fe/(Fe+Mg)x100=60. Pseudoternary is based on the work of LONGHI and PAN (1988b) and
is projected from wollastonite.

Figure 13: Fe/Mn vs. Fe/(Fe+Mg) (molar) diagrams demonstrating the effect of iron loss on
the bulk synthetic Murchison and H-CM compositions and their resulting glass compositions
as a function of temperature and oxygen fugacity. The olivines in equilibrium with the glasses
are also shown. The error bars shown on each experiment represent one standard deviation
of compositional range. The H-CM composition is displaced toward the high Fe/(Fe+Mg) side
of the Fe-loss trend. Notice in Figure A, the Fe loss curve for the glasses does not pass
through the eucrite range, but it does pass through the eucrite range in Figure B for the H-CM
glasses. The legend in Figure A applies to both figures.

Figure 14: Close-up view of the phase boundary intersections in the olivine-plagioclase-silica
pseudoternary for an Fe/(Fe+Mg) ratio of 60. Pseudoternary is based on the work of LONGHI
and PAN (1988b) and is projected from wollastonite. Eucrites (crosses) can be seen plotting
on the peritectic point. Coordinates shown are for the four corners of the diagram and
represent the (Olivine, Plagioclase, Silica) intersections. The intersection at the top right of



62

the diagram is the eutectic point. Solid line is the Orthopyroxene-Plagioclase tie line. The
letters denoted within the legend are abbreviations for the natural Allegan-Murchison (AM),
natural Murchison (NM), synthetic H-CM (H-CM), and the synthetic Murchison (SM)
compositions. The numbers in parentheses following the compositional abbreviations are the
temperature (in °C) and oxygen fugacity (relative to the IW buffer) of the experimental run.

Figure 15A and B: Two views of the olivine-pyroxene phase boundary in the olivine-
plagioclase-silica pseudoternary for an Fe/(Fe+Mg) ratio of 30 (A) and 55 (B). Pseudoternary
plots are based on the work of LONGHI and PAN (1988b) and is projected from wollastonite.
Open symbols have an Fe/(Fe+Mg) ratio of 30 (A), while the solid symbois have an
Fe/(Fe+Mg) ratio of 55 (B). Two of the experiments (solid circles and solid triangles) in Figure
15B are displaced from the olivine-pyroxene peritectic because of the fractionation of olivine
during the quench. The letters denoted within the legend are abbreviations for the natural
Allegan-Murchison (AM), natural Murchison (NM), synthetic H-CM (H-CM), and the synthetic
Murchison (SM) compositions. The numbers in parentheses following the compositional
abbreviations are the temperature (in °C) and oxygen fugacity (relative to the IW buffer) of
the experimental run.

Figure 16: Normalization diagrams of the synthetic Murchison and H-CM experimental
glasses to bulk average eucrites (Data taken from JAROSEWICH (1990)). The best
compositional match to eucrites was produced in the H-CM 1180°C IW-0.5 experiment shown
as the solid box. The open diamond (1200°C, IW-1.5) and cross (1200°C, IW-0.5) of the H-
CM experiments show the drastic effects of altering the oxygen fugacity.

Figure 17: Fe/Mn vs Fe/(Fe+Mg) (molar) diagram demonstrating the effect of iron loss on the
(a) bulk natural Murchison and (b) the natural Allegan (70%) - Murchison (30%) compositions
and their resulting glass compositions as a function of temperature and oxygen fugacity. The
olivines in equilibrium with the glasses are also shown. The error bars shown on each
experiment represent one standard deviation of compositional range. Notice the Fe loss
curve for the glasses does not pass through the eucrite range, but is shifted to the magnesian
side of eucrites. Symbols shown in both diagrams are the same as in Figure 13 legend.

Figure 18: Normalization of literature experimental glasses to bulk average eucrites (Data
taken from JAROSEWICH (1990), JUREWICZ et al.(1993), KUSHIRO and MYSEN, (1979),
and STOLPER (1977)). Note the compositional variation in STOLPER'S glasses, which is
dependent on what composition is being normalized to, even though he was melting eucrites.

Figure 19: Normalization diagrams of the natural Murchison and natural Allegan (70%) -
Murchison (30%) experimental glasses to bulk average eucrites (Data taken from
JAROSEWICH (1990)). A comparison with the work of JUREWICZ et al. (1993) in the next
figure shows good agreement in terms of experimental resuits.

Figure 20: Fe/Mn vs Fe/(Fe+Mg)(molar) diagram showing how to modify the natural Allegan
(70%) - Murchison (30%) composition into a composition similar to synthetic H-CM by using
12% reduction of FeO to Fe metal and 20% olivine fractionation.

Figure 21: Silica-olivine-plagioclase pseudoternary showing the paths taken by the liquids and
the bulk composition during eucrite petrogenesis. The equilibrium crystallization path (a) and
equilibrium melting path overplot each other but move in the reverse direction. The fractional
crystallization path (b) follows the same trend as equilibrium crystallization initially, but moves
off the peritectic boundary along the path marked as fractionation of pyroxene, then pyroxene
and plagiociase, and eventually pyroxene, plagioclase, and a silica polymorph occurs. The
solid evolution path taken during fractional crystallization follows the trend marked (c).



Fractional melting follows the path, marked (d), as liquid is continually removed from the bulk
composition, first at the peritectic point and then at the Oliv-SiOz binary peritectic point.
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Table 1. Mixtures Constrained by Oxygen Isotope Ratios to Match Basaltic Achondrite

Mass Fractionation

25 Allend- 34 Allend- 30 Mur- 43 Mur-
Murchison Allende LL avqg. H ava. 75 H 66 LL 70H S7LL

SiO2 29.07 3423 40.42 36.62 36.02 38.32 34.36 35.54
TiO2 0.13 0.15 0.15 0.12 0.13 0.15 0.12 0.14
Al2O3 215 3.27 2.62 213 2.42 2.84 214 242
Cr203 0.48 0.52 0.49 0.51 0.51 0.50 0.50 0.49
Fe203 0.00 0.00 0.00 0.41 0.30 0.00 0.28 0.00
FeO 22.39 27.15 17.24 10.00 14.29 20.861 13.72 18.46
MnO 0.20 0.18 0.35 0.31 0.28 0.30 0.28 0.29
MgO 19.94 24.62 25.40 23.24 23.59 25.13 22.25 23.05
Cao 1.89 2.61 1.94 1.73 1.85 2.16 1.78 1.92
Naz20 0.24 0.45 0.91 0.85 0.75 0.75 0.67 0.62
K20 0.04 0.03 0.11 0.08 0.08 0.08 0.08 0.08
P20s 0.23 0.23 0.22 0.27 0.26 0.22 0.26 0.22
FeS 7.24 4.03 5.33 5.36 5.03 4.89 5.93 6.15
Fe-metal 0.13 0.17 2.68 15.81 11.90 1.83 11.10 1.58
Fe (total) 22.00 23.66 19.47 27.27 26.37 20.90 25.69 20.56
C 1.85 0.29 0.20 0.1 0.16 0.23 0.63 0.91
Total 85.98 97.93 08.06 97.56 97.67 98.01 94.10 92.87
Fe/Mn (t) 140. 169. 72. 114. 120. 91. 116. 93.

Fe/(Fe+Mg) 44.20 40.86 27.31 19.84 25.40 31.40 25.70 32.00

NOTE: First four columns are from JAROSEWICH (1990). Final four compositions were

calculated by DELANEY (1993).
(t) Fe/Mn ratio based on total Fe.



Table 2. Chemical Compositions of Experimental Precursors.

A. Nominal Compositions of Murchison and the Allegan-Murchison Cocktail

Natural 70% Natural Allegan-
Murchison* 30% Natural Murchison*

SiO2 33.14 35.53
TiO2 0.15 0.11
Al203 2.45 2.10
Cr203 0.55 0.54
FeO 25.52 14.04
MnO 0.23 0.28
MgO 22.73 22.89
CaO 2.15 1.80
Naz20 0.27 0.67
K20 0.05 0.08
P20s 0.26 0.27
NiO 1.99 2.16
Fe-metal 0.15 12.56
FeS 8.25 6.34
C 2.11 0.67
Fe (total) 25.22 27.50
Total 100.00 100.00
Fe/Mn (t) 140 125
Fe/Mn (s) 111 106
Fe/Mn (ms) 109 54

*> = Normalized anhydrous composition (based on analyses from JAROSEWICH (1 990)).
() = Fe/Mn ratio based on total Fe
(s) = Fe/Mn ratio based on FeS free composition, but includes Fe metal.

(ms) = Fe/Mn ratio based on FeS and Fe metal free composition.




Table 2. (continued)

B. Murchison Analogue Compositions for the Series | Experiments

Nominal
Fe/Mn ratio _ 85* 65* 45* 20" Murchison**
SiO2 37.65 38.06 37.48 38.32 35.37
Al203 2.88 2.76 2.91 2.63 2.62
Cr203 0.52 0.51 0.48 0.49 0.58
FeO 34.51 34.08 33.84 32.86 34.63
MnO 0.40 52 0.71 1.63 0.24
MgO 22.82 21.98 22.12 22.45 24.26
CaO 2.49 2.61 2.19 2.41 2.30
Total 100.77 100.52 99.73 100.79 100.00

* Average microprobe analyses of the four Murchison analogue compositions.

* Murchison normalized for the seven oxides contained within the compositions.
NOTE: Nominal Murchison has an Fe/Mn ratio of 142 (total Fe)[based on analyses from
JAROSEWICH (1990)].
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Table 2. {continued)

C. Nominal and Synthetic Compositions for the Series 1l Experiments

Nominal Experimental  Nominal Experimental

Synthetic Synthetic Synthetic Synthetic

Murchison*  Murchison H-CM** H-CM
Si02 37.18 40.19 44 64 46.04
TiO2 0.17 0.25 0.16 0.12
Al203 2.75 3.3 2.81 KR
Cr203 0.61 0.65 0.67 0.82
FeO 28.85(s) 27.27(s) 19.10 19.90
MnO 0.26 0.38 0.35 0.53
MgO 25.50 22.79 29.06 25.50
Ca0 242 2.91 2.31 2.59
Naz20 0.31 0.30 0.84 0.99
NiO 1.95 1.91 ni ni
Total 100.00 99.96 100.00 99.50
Fe/Mn 111 71 54 37
* = Normalized anhydrous Murchison
> = Normalized silicate portion of the nominal H-CM (70% Allegan-30% Murchison)

composition in Table 2A. Metal and sulfide portions were exciuded from this composition.

ni = Not included in the composition

(s) = This composition excludes FeS, but includes Fe-metal as FeO. Therefore the target
Fe/Mn ratio was 111, as opposed to the nominal (total Fe, including FeS) ratio of 142.
NOTE: Nominal compositions are normalized from JAROSEWICH (19980), while the
experimental compositions were determined by microprobe analysis.



Table 3. Compositional Starting Materials and their Purity Levels

Starting Material

Silicon (IV) dioxide powder
Titanium (IV) dioxide powder
Aluminum oxide powder
Chromium (i1} oxide powder
Hematite powder
Manganese (ll) oxide powder
Magnesium oxide

Calcium carbonate powder
Sodium hydrogen carbonate

Formula Purity
Si02 99.999%
TiO2 99.99%
Al2O3 99.5%
Cr203 99.997%
Fe203 97%
MnO 99.5%
MgO 99.5%
CaCOs3 99.95%
NaHCO3 ~85%
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Table 4. Temperature (°C) Correlation Table Between the Sample Rod Thermocouple
(Tsr)_and Furnace (Dfurn) Display Reading. The sample rod thermocouple shows the
nominal temperature, based on the calibration to the melting points of Au and Pd.

Isr Dfurn Tsr Dfurn Tsr Dfurn
1050 1002 1240 1211 1430 1421
1060 1013 1250 1223 1440 1432
1070 1024 1260 1234 1450 1444
1080 1035 1270 1245 1460 1455
1090 1046 1280 1256 1470 1466
1100 1057 1290 1267 1480 1477
1110 1068 1300 1278 1490 1488
1120 1079 1310 1289 1500 1499
1130 1080 1320 1300 1510 1510
1140 1101 1330 1311 1520 1521
1150 1112 1340 1322 1530 1532
1160 1123 1350 1333 1540 1543
1170 1134 1360 1344 1550 1554
1180 1145 1370 1355 1560 1565
1190 1156 1380 1366 1570 1576
1200 1167 1390 1377 1580 1587
1210 1178 1400 1388 1590 1598
1220 1189 1410 1399 1600 1609
1230 1200 1420 1410

Table 5. Results of the Thermocouple Calibration Experiments {Temp in °C)

Exp. # #2 #

Tsr Dfurn Tsr Dfurn Tsr Dfurn Nominal
Au 1034 1018 1061 1017 1064 1017 1064
Pd 1532 1556 1537 1555 1554 1555 1554

Tsr = sample rod thermocouple temperature
Dfurn = furnace display reading
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Table 6. Initial Calibration of the Furnace Using the Oxygen Fugacity Sensor

Temp°C Scale ml/min e.m.f. W
Tofs Dfurn CO CO2 coO CO2 calc buffer
1350 1405 32 123 60.4 17.43 -780 +0.5
1350 1405 63 123 100.9 17.43 -820 Iw
1350 1405 75 84 117.0 9.98 -861 -0.5
1350 1405 75 46 117.0 4.72 -901 -1.0
1350 1405 75 17 117.0 1.89 -942 -1.5
1250 1298 24 123 50.2 17.43 -816 0.5
1250 1298 515 123 85.1 17.43 -853 Iw
1250 1298 80 100 124.0 12.80 -891 -0.5
1250 1298 80 64 124.0 6.96 -929 -1.0
1250 1298 80 26 124.0 2.70 -967 -1.5
1150 1183 17 119 414 16.59 -850 +0.5
1150 1183 45 119 76.5 16.59 -886 Iw
1150 1183 75 107 117.0 14.13 -921 -0.5
1150 1183 75 60 117.0 6.40 -857 -1.0
1150 1183 75 20 117.0 2.10 -992 -1.5

Scale = arbitrary and unitless flowmeter reading

Tofs = Oxygen fugacity sensor themocouple temperature

Dfurn = Furnace display reading

NOTE: The e.m.f. (calculated) is measured in millivolts and the IW buffer is measured in log
units relative to the buffer.



Table 7. Testing for a Leak in the Furnace

Leak Test: Part 1 (ratio of CO:CO2was 10:1)

Scale mi/min EMF
cO CO2 Cco CO2 {obs) A log f(O2)
10 32 33 3.3 -929 +0.52
40 65 70 7.0 -930 +0.51
60 82 97 9.7 -936 +0.42
80 98 124 2.4 -939 +0.38

The calculated e.m.f. value at these settings is -966 millivoits.

Operating temperature: 1150°C

Leak Test: Part 2 (ratio of CO:CO2 was 20:1)

Scale ml/min EMF
co CO2 cO CcO2 (obs) A log f(O2)
20 215 45 2.3 -957 +0.72
50 41 83 42 -965 +0.61
75 55.5 117 5.9 -969 +0.55

The calculated e.m.f. value at these settings is -1008 millivoits.

Operating temperature: 1150°C
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Table 8. Calibration Using the Sample Rod Thermocouple and the Oxygen Fugacity

Sensor

Temp©°C Scale mi/min EMF W
Tsr Dfurn_  CO CO2 cO co2 {calc) buffer
1350 1333 15 121 39.0 17.01 -780 +0.5
1350 1333 50 123 83.0 17.43 -821 Y
1350 1333 75 95 117.0 11.90 -861 -0.5
1350 1333 75 50 117.0 5.20 -901 -1.0
1350 1333 75 13 117.0 1.61 -942 -1.5
1250 1220 10 122 33.0 17.22 -815 +0.5
1250 1220 45 123 76.5 17.43 -854 w
1250 1220 75 113 117.0 15.33 -891 -0.5
1250 1220 75 69 117.0 7.66 -929 -1.0
1250 1220 75 32 117.0 3.28 -967 -1.5
1150 1109 10 128 33.0 18.48 -850 +0.5
1150 1109 45 131 76.5 19.13 -886 W
1150 1109 75 116 117.0 15.96 -921 -0.5
1150 1109 75 72 117.0 8.10 -957 -1.0
1150 1109 75 35 117.0 3.55 -992 -1.5

Table 9. Fe Foil Calibration of lron-Wiistite Buffer

Temp°C Scale EMF mi/min EMF
Tsr Dfurn_ CO  CO2 {obs) co CO2 {calc)
1350 1333 50 123 -817 83.0 17.43 -821
1250 1220 45 123 -850 76.5 17.43 -854
1150 1109 45 131 -882 76.5 19.13 -886
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Table 10. Electron Microprobe Operating Conditions and Standards

ElI Crystal Bkg(1) Bkg(2) CF Bsin  Win Bias Standard
{mm) {mm) (volts) (volts) (volts)
Si  TAP 4.00 -4.00 017¢ 05 2.0 1700 Plagioclase, Lake County
Ti PET 1.50 -1.50 0.024 15 2.0 1600 Hornblende, Kakanui
Al TAP 4.00 -5.00 0.144 05 20 1700 Anorthite, Great Sitkin Island
Cr LIF 1.50 -1.50 0.385 0.8 2.0 1550 Chromite, Tiebaghi Mine
Fe LIF 1.50 -1.50 0.503 0.8 2.0 1500 Fayalite (Fa 100)
Mn LIF 4.00 -4.00 0494 0.8 2.0 1550 Tephroite
Mg TAP 4.00 -5.00 0255 03 2.0 1700 Forsterite (Fo 100)
Ca PET 1.50 -1.50 0125 141 2.0 1600 Anorthite, Great Sitkin Island
Na TAP 4.00 -4.00 0014 04 1.5 1700 Pilagioclase, Lake County
Ni LIF 1.50 -1.50 0.003 0.5 1.0 1500 Olivine, San Carlos

El=element Bkg=Backgrounds CF=Correction factor Bsin=Baseline Win=Window

Table 11. Additonal Calibration Standards

- Anorthoclase, Kakanui

- Augite, Kakanui
- Fayalite, Rockport

- Hypersthene, Johnstown meteorite
- Olivine, Springwater meteorite
- Orthopyroxene, Tatahouine meteorite
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Table 12. Experimental Parameters and Resuiting Phase Assemblages

A. Series | Experiments

Synthetic Murchison Fe/Mn 85

Temp (°C) Time (hrs) Type Exp # Phases

1180 40.5 cooling M 09 giss, oliv, pig, spin, mtl
1180 39 heating M13 giss, oliv, pig, spin, mtl
1253 47 heating MO3 giss, oliv, pig, spin, mtl
1300 21 heating M 04 glss, oliv, spin, mtl
1325 16.5 cooling M08 giss, oliv, mtl

1580 1 heating M 17 glss

1580 10 heating M 19 glss

Synthetic Murchison Fe/Mn 65

Temp (°C) Time (hrs) Type Exp # Phases

1180 40.5 cooling M 10 glss, oliv, pig, spin, mtl
1180 39 heating M14 glss, oliv, pig, spin, mtl
1325 16.5 cooling M 07 glss, oliv, mtl
Synthetic Murchison Fe/Mn 45

Temp (°C) Time (hrs) Type Exp # Phases

1180 40.5 cooling M 11 glss, oliv, pig, spin, mti
1325 16.5 cooling M 06 glss, oliv, mti
Synthetic Murchison Fe/Mn 20

Temp (°C) Time {hrs) Type Exp # Phases

1180 40.5 cooling M12 giss, oliv, pig, spin, mtl
1325 16.5 cooling M 05 glss, oliv, mti
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Table 12. (continued)

B. Series Il Experiments

Synthetic Murchison

Temp (°C) Time (hrs) Type W Exp# Phases

1180 135.5 heating -0.5 M 29 glss, oliv, pig, spin, mtl
1180 165 cooling -0.5 M35 giss, oliv, pig, spin, mtl
1180 144.5 heating -1.0  M#61 glss, oliv, pig, spin, mtl
1180 142 heating -1.5 M 30 giss, oliv, pig, spin, mtl
1180 164 heating -1.5 M 47 glss, oliv, pig, spin, mtl
1200 66.5 heating -0.5 M 26 glss, oliv, pig, spin, mtl
1200 161 cooling -0.5 M 41 giss, oliv, pig, spin, mtl
1200 69 heating -1.5 M27 giss, oliv, pig, spin, mtl
1200 165 cooling -1.5 M 39 giss, oliv, pig, spin, mtl
1300 112.5 heating -0.5 M 43 glss, oliv, mtl

1300 118 heating -1.5 M 45 glss, oliv, pig, mtl
1400 116 heating -0.5 M 49 glss, oliv, mtl

1400 91.5 heating -1.5 M 51 glss, oliv, pig, mtl
Synthetic H-CM

Temp (°C) Time (hrs) Type w Exp# Phases

1180 144.5 heating -0.5 H 33 giss, oliv, pig, spin, mtl
1180 165 cooling -0.5 H34 glss, oliv, pig, spin, mtl
1180 144.5 heating -1.0 H 60 glss, oliv, pig, spin, mtl
1180 164 heating -1.5 H 46 giss, oliv, pig, spin, mtl
1200 144 heating -0.5 H 31 glss, oliv, pig, spin, mtl
1200 161 cooling -0.5 H 40 giss, oliv, pig, spin, mti
1200 139 heating -1.5 H 32 glss, oliv, pig, spin, mtl
1300 112.5 heating -0.5 H42 giss, oliv, pig, mtl
1300 118 heating -1.5 H 44 glss, oliv, pig, mtl
1400 116 heating -0.5 H 48 glss, oliv, mtl

1400 91.5 heating -1.5 H 50 giss, oliv, pig, mtl

C. Series lll Experiments

Natural Murchison

Temp (°C) Time (hrs) Type w Exp#

1180 166 heating -0.5 NM 55 glss, oliv, spin, mtl
1180 166.5 heating -1.0 NM 59 giss, oliv, pig, spin, mtl
1180 169.5 heating -1.5 NM 57 glss, oliv, pig, spin, mtl
1400 67.5 heating -1.0 NM 63 giss, oliv, mtl

70% Allegan-30% Murchison

Temp (°C) Time (hrs) Type W Exp#

1180 166 heating -0.5 AM 54 glss, oliv, pig, spin, mti
1180 166.5 heating -1.0 AMS8 glss, oliv, pig, spin, mti
1180 169.5 heating -1.5 AMS6 giss, oliv, pig, spin, mil
1400 67.5 heating -1.0 AMB2 glss, oliv, mtl



Table 13. Experimental Silicate Compositions

Series |l Experiments

A. Synthetic Murchison

w-0.5 w-1.0 W-1.5 Eucrite
T(C) 1180 1200 1300 1400 1180 1180 1200 1300 1400 Avg.”
Glass
Sio2 5018 4958 4792 4853 50.53 4520 5243 5352 5489 49.15
Tio2 0.79 070 053 0.44 0.85 0.11 095 0.73 0.51 0.64
Al203 1115 980 694 634 12.69 3168 1382 1005 7.48 1274
Cr203 0.28 033 077 0.87 0.41 0.28 0.41 083 091 0.34
FeO 1971 2154 2494 2554 16.07 1.93 1168 1232 8617 17.96
MnO 0.32 036 060 065 0.40 0.11 0.50 073 072 052
MgO 6.05 707 1131 1209 6.31 260 842 1239 2097 6.96
Ca0o 10.25 950 613 6.31 10.16 16.84 1083 922 747 10.28
Na20 0.35 042 011 0.02 0.83 0.41 057 004 002 0.39
NiO 004 008 005 0.04 0.06 0.06 004 005 0.03 0.01
Total 99.08 9939 9930 10083 98.31 99.17 9947 9988 8890 98.99
Fe/Mn 60.93 59.82 4111 3890 40.95 1671 2286 1673 8.46 34.25
Fe/(Fe+Mg)x100  64.15 6244 5460 53.49 58.02 2992 4288 3518 1397 58.10
Olivine
Si02 3698 3716 3785 3834 37.24 4020 3832 4010 4157
Tio2 0.03 000 001 0.02 0.01 0.09 0.03 0.01 0.03
Al203 0.05 006 004 004 0.05 0.23 0.08 008 002
Cr203 0.27 033 056 0.46 0.38 077 0.48 0.61 053
FeO 3142 3120 27147 2079 26.64 1268 1943 1333 5.41
MnO 0.40 043 052 043 0.45 052 0.63 060 047
MgO 3044 3103 3439 4020 34.39 4536 4073 4517 5198
Ca0 034 033 o021 0.16 0.29 0.29 0.29 0.25 012
Na20 0.01 000 000 001 0.02 0.01 0.00 0.00 002
NiO 0.18 0.15 0.12 0.05 0.09 0.04 0.02 0.04 0.00
Total 100.14 100.72 100.88 100.50 99.57 10020 10071 10020 100.08
Fe/Mn 7721 7288 5155 4811 59.01 2428 2993 2191 1137
Fe/(Fe+tMg)x100 3650 3589 3052 2238 30.13 1349 2071 1411 5.49
Low Calcium Pyroxene (pigeonite)
Sio2 5406 53.89 53.35 5691 5553 57.00 5694
TiOo2 0.08 0.07 0.09 0.07 0.15 0.07 0.03
Al203 0.67 047 0.80 0.10 087 049 024
Cr203 057 0.60 0.73 0.74 084 079 052
FeO 1890 1884 16.51 9.37 1448 932 386
MnO 0.37 0.36 0.43 1.49 053 0.51 0.32
MgO 2256 2345 24.20 2758 2628 3152 3618
Ca0 2.80 2.40 2.63 4.40 230 073 025
Na20 0.02 0.03 0.03 0.02 0.02 000 001
NiO 0.1 0.07 0.04 0.00 0.02 0.04 0.06
Total 100.15 100.29 98.81 10067 10102 10048 9843
Fe/Mn 5164 5186 37.91 621 2710 1818 1192
Fe/(Fe+Mg)x100 3178 31.00 27.48 1561 2341 1411 562



Table 13. Series Il Experiments {continued)

B. Synthetic H-CM

IW-0.5 w-1.0 W-1.5 Eucrite
T(¢C) 1180 1200 1300 1400 1180 1180 1200 1300 1400 Avg.”
Glass
Sio2 5127 5100 5230 5331 51.25 50.16 5569 53.07 5486 49.15
Tio2 0.54 0.58 0.42 0.19 0.60 0.69 0.57 047 0.34 0.64
AlRO3 1235 1297 832 4.09 13.86 1728 1495 9.87 8.60 12.74
Cr203 0.41 0.25 0.75 0.89 0.40 0.41 0.48 0.91 0.94 0.34
FeO 1670 1643 2099 18.08 14.31 8.86 8.75 13.02 322 17.96
MnO 0.53 0.83 0.72 0.62 0.37 0.43 0.46 0.71 0.68 0.52
MgO 764 712 838 1938 6.42 8.39 832 1283 21.71 6.96
Ca0o 8.98 9.14 8.04 3.67 932 11.67 1090 8.79 7.78 10.28
Naz20 0.54 0.48 0.16 0.04 0.89 0.35 0.26 0.05 0.02 0.39
Total 98.98 9849 100.07 10033 97.54 98.24 10037 9971 9818 98.98
Fe/Mn 3112 3104 2895 2897 38.15 2040 19.42 1815 4.65 34.25
Fe/(Fe+Mg)x100 5413 5548 5742 3395 54.75 3653 3659 3573 7.57 59.10
Olivine
Sio2 3813 38.04 3919 3971 37.42 3928 4001 4006 4016
Tio2 0.02 0.01 0.00 0.01 0.02 0.04 0.02 0.01 0.01
Al203 0.05 0.03 0.04 0.03 0.03 0.04 0.05 0.04 0.03
Cr203 0.30 0.40 0.66 0.53 0.36 0.43 0.50 0.68 0.58
FeO 2629 2455 2155 1551 2457 1445 1373 1426 314
MnO 0.47 0.58 0.56 0.38 0.46 0.50 0.57 0.60 0.52
MgO 3525 3583 3888 4397 35.82 4536 4546 4505 5339
CaO 0.24 0.22 0.18 0.07 0.25 0.23 0.22 0.21 0.11
Na20 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.01
Total 100.74 98.67 101.07 100.26 98.95 100.35 10055 100.91 9794
Fe/Mn 5554 4197 3779 3893 53.87 2825 2409 2348 596
Fe/(Fe+Mg)x100 2942 2758 2357 1645 27.64 15.08 1440 1498 3.18
Low Calcium Pyroxene (pigeonite)
Sio2 5489 5481 5627 53.05 5456 5659 5674 §57.15
Tio2 0.07 0.06 0.03 0.08 0.09 0.10 0.05 0.06
Al203 072 0.61 0.42 0.68 0.68 1.04 0.50 022
Cr203 0.72 0.63 0.87 0.66 0.78 0.98 0.89 0.63
FeO 1755 1575 13.27 15.25 10.22 957 10.62 528
MnO 043 0.57 0.47 0.44 0.48 0.58 0.49 0.35
Mg0O 2433 2549 2289 26.02 29.00 3031 3070 3468
Ca0 219 1.81 0.54 207 2.61 1.86 0.66 0.21
Na20 0.01 0.03 0.01 0.04 0.03 0.03 0.00 0.00
Total 100.91 99.77 100.78 98.29 88.44 101.07 10065 9874
Fe/Mn 4012 2796 2805 36.32 2117 1631 2168 1519
Fe/(Fe+Mg)x100 2863 2550 20.34 24.58 1634 1492 16.14 7.84



Table 13. (continued)

Series |l Experiments

C. Natural Murchison

T{°C) 1180 1180 1180 1400 Eucrite
W-X -0.5 -1.0 -1.5 0.5 Avg.”
Glass

Sio2 43.45 48.29 52.45 53.96 49.15
Tio2 0.82 0.62 0.59 0.35 0.64
Ai203 14.65 13.32 14.56 747 1274
Cr203 0.14 0.37 0.40 0.73 0.34
FeO 20.34 17.60 11.76 1333 17.96
MnO 023 0.23 0.29 0.74 0.52
MgO 3.66 5.46 7.07 16.08 6.96
Ca0 12.97 10.78 10.16 569 10.28
Na20 0.44 0.75 0.87 0.05 0.39
NiO 0.10 0.09 0.06 0.02 0.01
Total 96.82 97.54 98.22 9842 9899
Fe/Mn 87.32 75.55 40.04 1779 3425
Fe/(Fe+Mg)x100  75.06 63.85 47.69 3118 59.10
Olivine

Sio2 35.22 37.51 3854 40.11

TiO2 0.01 0.01 0.02 0.01
Al203 0.13 0.10 0.06 0.07
Cr203 0.18 0.33 0.46 0.45

FeO 33.22 28.79 19.85 11.45

MnO 0.32 0.32 0.34 0.47

MgO 28.86 33.12 40.33 4712

CaC® 0.52 0.33 0.256 0.14
Na20 0.01 0.01 0.00 0.01

NiO 0.17 0.15 0.06 0.05

Total 9864 10067 99.93 99.88

Fe/Mn 102.50 88.83 57.64 24.05
Fe/(Fe+Mg)x100  39.09 32.66 21.56 11.94

Low Calcium Pyroxene (pigeonite)

Si02 52.69 54.80

TiO2 0.07 0.10

Al203 0.89 0.96

Cr203 057 0.69

FeO 18.62 13.22

MnO 0.32 0.36

MgO 24.47 27.28

Ca0 1.90 218

Na20 0.03 0.04

NiO 0.06 0.06

Total 99.62 $9.68

Fe/Mn 57.45 3713
Fel(Fe+Mg)x100 29.76 21.26



Table 13. Series lll Experiments (continued)

D. Allegan (70%) - Murchison (30%)

T(°C) 1180 1180 1180 1400 Eucrite
W-X 0.5 -1.0 -1.5 -0.5 Avg.*
Glass

Sio2 52.43 51.05 52.68 53.73 4915
Tio2 0.50 0.54 0.59 0.33 0.64
Al203 10.67 12.07 1557 723 1274
Cr203 0.29 0.31 0.35 0.76 0.34
FeO 17.78 18.21 9.77 1976 17.96
MnO 0.26 0.31 0.30 063 052
MgO 5.68 511 7.76 966 696
Ca0 8.31 8.98 9.79 568 1028
Na20 1.21 1.08 0.96 005 039
NiO 0.05 0.12 0.02 0.06 0.01
Total 97.17 97.78 97.79 97.89 98.99
Fe/Mn 67.52 58.00 32.16 3097 3425

Fe/(Fe+Mgx100 6312 6590 4087 5253 59.10

Olivine

Sio2 37.24 36.99 39.64 38.82
Tio2 0.02 0.02 0.01 0.01
Al203 0.05 0.07 0.07 0.04
Cr203 0.31 0.48 0.39 0.47
FeO 29.20 2910 16.37 17.28
MnO 0.33 0.38 0.40 0.39
MgO 32.37 32.64 43.35 42.43
CaO 0.27 0.30 0.23 0.12
Na20 0.01 0.02 0.00 0.00
NiO 0.21 0.04 0.07 0.15
Total 100.01  100.03 10055 99.73
Fe/Mn 87.37 75.61 40.41 43.75

Fe/(Fe+Mg)x100 3347 3319  17.41 1852

Low Calcium Pyroxene {pigeonite)

Sio2 53.59 53.41 56.65
Tio2 0.07 0.06 0.10
AlRO3 073 0.80 0.83
Cr203 0.65 0.78 0.79
FeO 17.85 17.88 12.80
MnO 0.32 0.31 0.37
MgO 2420 24.48 28.29
Cal 1.75 1.76 1.64
Na20 0.03 0.03 0.04
NiO 0.13 0.05 0.03
Total 99.32 99.58 10055
Fe/Mn 54.80 58.79 34.64

Fe/(Fe+Mg)x100  20.11 28.91 20.14

* Eucrite Avg. based on analyses from JAROSEWICH (1990)
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Table 14. Mineral Normative Calculations of the Experimental Glass Compositions

Synthetic Murchison

IW-0.5 wW-1.0 wW-1.5 Eucrite
Temp°C 1180 1200 1300 1400 1180 1180 1200 1300 1400 Avg.”
Albite 3.34 4.00 1.04 0.19 7.88 3N 526 0.37 0.18
Anorthite 3067 26.37 19.50 17.91 3267 84.10 36.15 27.77 20.03
Plagioclase 34.01 30.37 20.55 18.10 40.55 87.81 491.41 28.14 2020 433222
Clinopyrox. 18.71 18.91 10.12 11.73 16.50 0.00 14.47 15.08 12.02
QOrthopyrox. 39.79 45.71 65.93 65.39 3527 9.84 34.11 45.68 59.57
Pyroxene 58.50 64.62 76.05 7742 51.76 9.84 48.58 60.77 7160 51.3+25
limenite 1.17 1.03 0.78 0.64 1.25 0.15 1.36 1.04 0.70 0.8+0.4
Chromite 0.44 0.51 1.19 1.33 0.63 0.41 0.62 1.24 1.31 0.2¢0.2
Quartz 5.88 3.46 0.00 0.00 5.80 1.78 8.03 8.82 6.19 4.1£1.5
Olivine 0.00 0.00 1.43 2.82 0.00 0.00 0.00 0.00 0.00
Synthetic H-CM

IW-0.5 IW-1.0 IW-1.5 Eucrite
Temp°C 1180 1200 1300 1400 1180 1180 1200 1300 1400 Avg.*
Albite 5.08 454 1.51 0.36 9.40 3.24 237 0.46 0.18
Anorthite 3278 3503 23.14 11.03 35.29 46.95 40.21 27.23 22,95
Plagioclase 37.86 39.57 24.65 11.38 44 69 50.18 42.58 27.69 2312 43322
Clinopyrox. 1113 10.21 15.07 5.81 10.88 10.15 11.73 13.78 11.95
Orthopyrox. 4311 42.08 50.45 78.36 35.86 32.01 30.41 48.90 56,99
Pyroxene 54.24 52.29 65.52 84.17 46.74 42.16 4214 62.68 6894 512425
limenite 0.79 0.85 0.62 0.27 0.88 0.99 0.81 0.67 0.46 0.8+0.4
Chromite 0.63 0.39 1.16 1.31 0.62 0.62 0.71 1.36 1.35 0.2:0.2
Quartz 6.49 6.90 8.05 2.87 7.07 6.05 13.76 7.60 6.12 4.1£1.5

Olivine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



Table 14. {(continued)

Natural Murchison

Temp°C 1180 1180 1180 1400 Eucrite
IW-x 0.5 -1.0 1.5 -0.5 Avg.*
Albite 4.31 7.2 8.14 0.46

Anorthite 41.51 35.33 37.35 20.62

Plagioclase 4582 42.54 45.54 21.08 433+2.2
Clinopyrox. 23.02 17.57 12.16 6.60

Orthopyrox. 20.15 35.45 3227 62.84

Pyroxene 4317 53.02 44.43 69.44  512:25
limenite 1.25 092 0.86 0.50 0.820.4
Chromite 0.22 0.58 0.61 1.09 0.2¢0.2
Quartz 0.00 294 8.60 7.88 4.1%15
Olivine 9.54 0.00 0.00 0.00

Allegan (70%) - Murchison (30%)

Temp°C 1180 1180 1180 1400 Eucrite
IW-x 0.5 -1.0 -1.5 -0.5 Avg.*
Albite 11.68 10.39 8.94 0.48

Anorthite 25.47 30.10 39.60 20.90

Plagioclase 37.15 40.49 48.54 21.39 43.322.2
Clinopyrox. 15.09 14.12 8.62 7.44

Orthopyrox. 38.17 37.52 3272 57.05

Pyroxene 53.26 51.64 41.34 64.49 51.2825
limenite 0.75 0.81 0.85 0.49 0.8:0.4
Chromite 0.46 0.49 0.53 1.49 0.220.2
Quartz 839 6.58 8.74 12.44 41315
Olivine 0.00 0.00 0.00 0.00

* from DELANEY et al (1984)



Table 15. Modal Analysis of the Series lll Experiments

Natural Murchison

Temp°C 1180 1180 1180 1400
IW-x -0.5 -1.0 -1.5 -0.5
Glass 19 19 19 38
Olivine 76 72 57 42
Pyroxene 0 1 9 0
Fe-metal 5 8 16 20
Chromite <1 <1 <1 0

Allegan (70%) - Murchison {30%])

Temp°C 1180 1180 1180 1400
IW-x 0.5 -1.0 -1.5 -0.5
Glass 19 18 17 35
Olivine 64 57 46 48
Pyroxene 6 12 16 0
Fe-metal 10 12 20 17
Chromite <1 <1 <1 0

Note: Fe-metal includes all FeS.
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Figure 3.
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Figure 5.
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Figure 7B.
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Figure 8.
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Figure 9.
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Figure 10.
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Fe/(Fe+Mg)x100 (molar)
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A a0 : ‘ —
i Synthetic
70 £ Murchison @ BULK ]
E /
60 s // ]
OLIVINE S ]
L / ‘s. 1
oso | % /s IW -0.5 , ]
g { IS 1;_‘ ]
- i /QQ ]
S0t / ;*“ .
[ s // e
2 ! / a ]
®30 | &7 - Eucrites .
woo % ; - ]
[ s - ]
o0 [ 7 WAS /,”}““}* GLASS ]
. e e Oliv Glss ]
T T 2 4 12006 |
7 T O @ 1300C ]
PR < 4 1400C
0 T b - ! 1 PO S SR U TR
0 10 20 30 40 50 60 70
Fe/(Fe+Mg)x100 (molar)
B 8o .
20k H-CM ;
60 | ]
fgso - ]
o OLIVINE .
- [ A Eucrites ]
—40 ¢ $ ¥ W -0.5 T 1
s | _MBULK A
30 [ 7 "'_i:‘,’ - ]
T - H 0 &‘ T 1
! //Q{b\ P 1
20 B //099 W -1.5 P—’_%:‘ /,.,-"
L 2N . o 1
» < D GLASS ]
10 y /// = -7 v
E :i/’//!ﬂw - R
0 T ! 3 :
0 i0 20 30 40 50 60 70

96



97

Figure 14.
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Fe/(Fe+Mg)x100 (molar)

Figure 17.
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Figure 18.
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Figure 19.
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Figure 20.
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Figure 21.

IS

cOls oL

-
-
-

xdQO
s}iun uebBAxo

(oM wouj uonoalold)



106

faueieq "S1 Aq pezAjeuy "piepuels Alojesoqer sisAieueoioin Aisieaun siebiny
(961) 1oel

(RL61) 198,

(0861) fe 16 yoimesoler

(FL61) seARgO)] pue [He)

1$a5UBIaY

— N T WD

uoheiqles aqoldoiolu S8} 0} PSN PIEPUE]S [BUCHIPPY  ,»
plepuejs uojeiqued

SL0LLLANSN

4 68'86 - - - zZi'o ozsk 1o yoel S09 <66 - - JEILOpB[ED MON "BUIN IyBegs! L ‘alwonD
898EEL ANSN

4 6766 - 214 1£'6 180 - - 0z'0 - (A4 - bi'99 «PUEIEDZ MON INUBNEY ‘eSejooyUouY
006511 WNSN

4 8.'66 - 810 Sh'e yoel v10 100 S0 " 160  S00 STLS LHO ‘Aunod axeT ‘(sjuopeiqe) esejoibeld
Ww0.LEL NNSN

4 SE'001 - €00 £5°0 6061 200 - 290 - €0'9e €00 00'vy <1V 'PUBIS| UDIS JBRID ‘ayiypouy
S96EVL ANSN

4 £8'86 - S0¢C 09¢C 0c0L 082Z1 600 0t - o6vL Ly FANN 4 «pueRaz MeN ‘InueNey ‘spusiquioH
Zriccl NSN

4 L¥'001 - - Lz 28’6l S99t €10 ¥ - €L8 [ ZAY €L0S wpUB[EaZ MBN 'InuBE)] ‘aybny
9L NNSN

Z SE001 - S00 500 st 6,92 6v0 ZZsl 8.0 €T 91’0 60vS «BLI03JaW umojsuyor ‘susyisiadin
S 00004 - - 100 120 9. $S0 S8 ¥90 €50 200 LYS «wS}ioalaw auinoyeje ] ‘susxoikdoylo
4 01001 - - - - - £0L - - - - 8'6C OneuiuAs ‘ajionyds |
9.TS8 NNSN

4 0.'66 - - - - - yic 9.9 - - ¥00 Zcec VI ‘Hodyooy ‘ayjefey
£ 00001 - - - - - - S0L - - - S'6C 001 €4 ofauuAs ‘eyfedey
) 99GC WNSN

4 Ly'66 - - - - 8G'er OE0 c9al 200 - - S6'8¢ »Sl0ajeW Jojembupds ‘(g 04) SUNIO
PPPIZIELLL ANSN

14 PE00L LEO - - SO0 ey v10 566 - - - 18°0v +ZV 00 Sii9) 'sope) ues (06 od) suMO
l 00001 - - - - £'L5 - - - - - LTy 001 04 EYIUAS ‘ajs)sIo
19y iBjJoL ON O O®N 0D ODPWN OUWN 0924 *04] :O4IV IOIL <0IS lesautiy

SpJepue}g [eJaulpy 9qoIdoJdIpy U0I)Ia]g JO SoSAjeuy [eaiuayy | Xipusddy



107

b2 254 80°L ZZse S9'LZ 2141 ozt [+)4 acy Z Skt 0661 08201 ive 69'¢C 89’0 iyvi 080 og'e 1998
125219 899 prava e 2743 Lyel ot ave [4]4 Q0L 8861 86'00L 6i¢ £9'67 280 GL'H 804 oz (A
LLTT 80'8 YZye el it el 61 oey 1z 56 0/8L ZL00L €62 8LvT 180 eyl 8L0 GZeT 00°6S
G064 85’9 8202 8602 tZh £sel Li 1GE 9z €6 0661 €0'LoL  O7¢ GLSe 850 06°'LE 660 €T ¥y as
8802 5E9 {#ree 66T X4 /O 13 188 374 e €061 GEL0L  8i'e SH'GT 850 fe'el S04 00T 08'6S
pS Lz 142 08¢ R4 oL aset oz 80y 274 178 0861 69001 €LC FA AT 880 [5: 241 660 8Lt LY'SS
80°LT RS BETL LLLY Zii £8¢} %4 90y $Z L 1961 L2004 28T i8'8e 8.0 0s¢el €890 894 LLYS
€81 69 £eel 050C f£AS prel 4 Giy 14 0L 9/61 680101 8i€ JR AT 180 16€L 0L 99t BEGS
89°0C 184 1912 ST0C 68 yivi [o74 668 oz 18 Q8L ¥TO0L LeT 8997 G0 ceel 160 1z PR
Z00C yA*R 4 86°0C €T 68 ja 228 L a8e 414 iy 1.681 €E10L $ET 6842 850 ZiLet 680 ek 896G
LOYT o6y €e'sZ €9°0Z 96 £5EL jord L8y e iy €61 L8°00L 8vT G1'6C v 0 ay'Gi 0% 3% a9'vs
syuoefid
£6'¢l £0C¢ € 1894 6 viZ 419 } G001 66001 OL'D 88°6Y [R-A¢] oeel 150 Y00 GLOov
GL'gi 98'z¢e 14 1241 oL 8le A i 9004 SO'L0L L0 zevy 8y o [Asg 18 LE0 y0'0 (3414
v6'81 yove g £294 413 £ee L |3 1001 vp00L P20 ae'ey 9% 0 8’6l 180 P00 Loy
y0'61 80'ge S 2864 1) vie 6 { 9001t ¥200L 020 SOy oy 0 [ 7AY o 00 ’

16°6GL v oy 14 feieie] 8 10e L b 2001 600t P10 a8'vy 9e0 Lt ¥e0 00

88'tl 08'6e 14 7681 8 | 754 L 13 8004 8y L0l GL0 yZ oy LE0 re'el FAN] 00

FA Y 9L72¢ € GOLL L 0ee 8 i £66 $SL0L L0 la'sy YeQ 8Ll ZED Z00

6'GL yZoe 4 aygl 5] vie g 3 00V 0L00L G0 vevy Wwo 5061 ZE0 200

80 €608 € 2891t ] LT ot i L1004 ESL0L 410 og'sy o 1) et 150 200

soel (15818 g 90LL L sy 5] o G001 €6°001 120 ¥Gob ye0 08¢t 8o 000
182 €622 Zi6L zig rAd 196 9i Wit 6908 Ov' 0L  98C1 86’ 8e'0 ae's G0 L8'el 8985
{1019 ye'el pasi:1Y 89 8y 1499 A 2897 6218 97’66 [15rAY Gle oro QL6 540 €861 GG LG
1865 Liye ya 41" €61 28 1921 214 €462 €08 ZTEO0L LETL og'e o L2701 G20 85'GL a9'.g
L6898 ey ovii 6.6 19 Ligh 6z 1Z8Z 0L08 6816 [XARRE £SY 050 9e'L L 820 oLy /LGS
06'8¢ oL oL L9t e 4] et Ly 8681 66, 0E00L L9686 5604 ¥S'0 et [4 4y} [*1 N 124
sse|f
S4 OM W NW=4 el BN U CF] 10 v s WiOL [e)'76] OOW ONW [oE] £E0OZHO  €OTY Z0IS
60N Butjooo 02,0811
68 UN/ad UoSIYIN| d3GIUAS
G dx3) (adA} dx3) (dway)

syuawitadxy | selag 'y

$8bJe(H jejualwiiiadxg (1] PUE '] '] S91i9S JO SosAjeuy [eailuayo |j Xipuaddy



108

S098 vs'LL € Zie 6g €89 1681 I3 S ¥2'96 800 689G sC't ozZz €288 99t €0

6E'6S €0V 33 (434 ov 198 €eot P06 g€ 0948 TEo 99’8 8yt €0V s60Y  SOVT L

er8t  geet z 0L Zi 14 0 966t 4 €686  L00 oLel IS0 et 000 8029 800

868 6Zel 4] 208 € oov 4 osel Q 60101 000 €686l S0 €L8L 610 6099 000

£g'ee LO1SE yas 6£9 4 74 € 2986} g€ 9666 €90 a8'9L Ol'0 0e'si G40 €569 \.mmr

auids

650  [96 6L72 yzze 681 syel 8t oy 44 zs 8961 TO00L 8% 8YT 650 6Cel 8.0 24 8E'vs
66'gt (43 ] €04z yozL 681 32218 62 0.8 S € 9661 0666 224 yeSZ 960 Crarat 810 (3:40] [8:3+1°]
W IS0 sosz ey 1154 sict LL (444 143 ye T/BL 966  B8ES $TYT YO gsvl 080 6.0 90vs
0S4Z S8t Py LLse eiord LEL zi px44 9 9z 2861 6500L €L'9 LWevZ  6E0 elyt 2z0 090 L8vs
21 YA Y ) ez 2922 €zT gict g ferd 4 9 14 1661 6600l 6.6 Lgye 810 Sivi faaAy] 850 SP'SS
anuosbid

2474 195 St erel [£4 885 gt i €001 €e'00L 2SO0 ove 860 896z €80 8e'0 JA: A

(2474 SO'LL Fas 5443 L Gi8 G 6 666 6968 T90 6L 0E0 e s2o oeo 20'8e

€8LT  £6'69 gt covt g 144°] 9 9 G004 BE00L 250 88’6 S0 alye 620 LZo ze'se

(AR T AN AV 33 LZvi 61 FASY] Zi z S00L vi'L0L 620 Lee 80 18€C 850 800 oLee

uIAD

Ly0e 88T S.6 662 TL 9i6t €L 88L 6€LL G866 0OC9 S98L 850 L1964 €90 1444 pL2s

2£°0€E 6evl 166 Sy el 9681 S6 €8 ZZLL S666 908G &ZeL 80t Sy'si 80 al'y €978

€0'6T  98'6C ves Lyes 09 €084 73 95z 068L 1866 lge 89 8v0 Z8'vi 690 [ S6'es

sseif

sS4 OM [LEE] NAZd BD BA UN LE] Ee) 7 1S VIOL OVD QOW ONW [eEE R YT A G I eTA 1 Z0ls
EIN Bunesy 2.0811



109

16'8% £9'9S 1] aey I3 0e9 8124 Gl9 Iy va'L6 Q00 06'g oy o ¥6°22 69y vl | 2487

£E'8% jiog i 4 € €y 143 018 GOl a5% S L6 100 68 0 9%'1e f A WA g6'cl S0

5608 6L'6Y € 4515 el 619 PeEVL (3344 14 086 200 89, 0 10ze 68'eS egel .mw.ﬁm

evve Rl [+3: 874 £E£0E e 80viL ot ¥4 8 ov LI61 8986 €T LLST 050 9e'Gl 960 €60 166G
eLel i R 08'el 68LC 0% 214 4% <18 sy oe FAS Go6L LT00L wYi 88'8C €80 169t S04 180 LS
ey ee 097 g8¢l £92%¢ 08 274 4% 143 R4 je74 [+ £86L £C£'66 8Z'1 35874 (44} 18 Z680 680 Z9°S
€607 gre 12 R 74 £9'7¢ 89 azi 4" el iy vZ 21 9961 86'886 8l't oyl 1A At GGel 780 €80 SLYS
89°€T el 0'vT 80'6e 14 :i4 40 €l eoy [i74 Ge 198} BO66 gL't 9492 £y0 Fra Z0'4 180 12vs
0622 087 8T e 002 514 141 L} %344 174 8c LL6L 9566 az't 6692 950 LLY) 960 890 8E'PS
22T 857 1272 197¢ 0% %443 el ay ¥4 je74 g661L SB'66 8CL £6'6Z evo el GL0 290 0964
SO'eT e TAv A yeT JAR S 144 12147 147 3144 i 24 9z €86l GZ66 [ 08'6L 0 8L YL 280 0980 98
yeve 197 89LvT 53724 s [¢}% 2% 61 Ly | 24 8z €i61 6v'66 ye't 192 280 Y9G 680 080 eL've
L1eT 097 £9'€T 89'9¢ 16 a1 4% Zi 1544 sz 81 €861 £6'86 Qe 1282 oo 98'vi 680 Sho 2108 2]
Leel 8687 el 1508 21 Vi 44" Gt FA%4 iZ 61 18964 €000L 194 098'8Z &y0 vi'GL GL0 Sv'0 £8vS
7 A8 ¥4 08¢ e oLve Gl iyt jA % oey oz Gi 8/61 6166 £6'} 14 o gt'vl QL0 8e0 [ 4°
eyuoafid

16°L2 aL'is L Zivi it [5°] 9 Z £004 0966 sT0 11'6€ ey 0 88yl S0 800 68'le

98t yZ oy k2] 0V F43 285 13 4 966 Y966 Z0 £59°6E v50 82'6C L¥o 800 8y'LE

81T 08'es L gevi [+11 ovs [43 Z 66  SL00L S20 £9'9¢ S0 [4*R 24 180 800 19°le

Gz £0'L¥ g levi F43 j+12% Z 4 0004 v000L ZTO £y 8e 250 LLve 600 800 G6'.¢

QT e GEYS 8 Levt 04 (344 i 4 {66 60101 120 ¥6'0¢ SY0 LLvT 890 80C FA: A

¥8'LZ iy g pas 4% Zt 095 Zi 4 pe6  88'86 20 £8'6E 280 Fi:p 74 1850 800 LLee

0’8 Ya'is g ceEVL it £9% i Zz 186 vp68 820 0098 8y'o 0z'sT 180 800 GL9E

78T 66y FA Sovi (53 845 Zi b 000LF 82004 20 216 080 626 950 yo'0 L6'LE

8087 (435 87 1 174 49 23 795 143 i 686 0L'00F 820 Gi'ee 890 96z 080 00 gl'le

coee ¥6°0S 9 Live 24 968 i i ¥66  ¥900L 120 Glge 8v 0 8T'6T 190 y00 o8'le

89'8e 1508 9 215104 8 A3 89% [43 i 000 0E00L ZT0 Ly SE 080 1962 LSO 00 [ A

08'0C yiey L LEVL 43 [ vi i 966 6168 @0 ££8E 8y 0 68'¢T 180 P00 FA* WA

96'L2 Ye0s 9 gevt it 296 et i 786 89'86 ZZ'0 28'6¢ &¥0 26'v7 190 00 ygoe

08'.2 YLy L yrads Zi P56 cl [ 066 £v'68 520 86'GE 250 88YC Q90 200 oTle

ze'8e Q90'Ls ] B0V (23 199 el 0 966 €000V /[Z20 0L%¢ 8v'0 yeeT 090 o0 £9°LE

€182 LEVS L 12yl (113 795 ZL 0 886 /866 T A S0'9¢e 9% 0 ££'62 850 000 [STAF A

BUINIO

v LS 6G'9¢ 510 43 8084 69 LE6C 6 6061 895, 98066 006 iog ¥e0 1002 L0 L0 2008

£6'6H viec £syi OL61 €9 OS2 6L Li6E ZvsL 0988 £6'9 V22 &y’ o ZL6 980 8904 /g6y

BY'BS 86298 86y [R:74) €L ££9T €6 Y081 605L 0586 14%:1 [3: A 950 8G'0C LLO 9501 206y

Y9G yeGe 8061 BESI vl 1082 0L 581 |ly. €086 (YA S5 LSS0 or'oz 860 v oL as'ey

8OYS 80'Z7¢e 8ivi 1802 8L arasra %015 0481 o6Y.L 8988 0L'g 606 190 L86L 98’0 7804 626y

66'CS 00'8e 86EL eViC 89 G6GL €5 2418 OivL ve8s 858 Gy'e €50 oroe i 44 8z'0l aL'ey

09°LS ve'LE 744" yi84 474 474 8 1£84 8IGL 0066 s08 [2748*] 50 5402 QL0 yZ' 0L op 6y

10'es 19y 51498 HLT 29 0482 06 08t Z8vl vO'86 oe's 086 8y 0 8z02 GL0 vZ'olL (YA

peve 0L'8e LTPL £80T 19 Z65C 06 :74 34 Gey. 9688 alg Zi6 50 /E0C [T ozoL €T 6y

6T'99 fit¥a4 F4e1 4% 9961 9 L0982 08 gigt GZGL 0988 88'8 9’8 v 0 €0z GL0 {401 :.u.mm

sse|

S4 OM W NTEE] eD PN uw LE] 0 [ 18 WiOL ovo OONW ONW O=4 eOTHO  cOCY 20Is
L¥YN Bunesy 0.£621



110

88y 8608 Z 144 q €Z9 G669 118 L2 8%°10F 100 689V [250] £E€'6T 06'6Z 89'eT LL
LTS ZL68 4 L2S 8 194 o9z8 58 €t 99'86 [ A ¥ 080 8zlz fl'ee 86T mmmm
jpuids

ve g€ 6 06Z1 54 €L8 419 14 866 Zl68 [$:39] [ 7281 8y 0 €562 S0 EL0 Qg'9¢
89EE 2908 L 15141 [ 23 899 £} € 686 €89'66 GT0 erie 8y0 LyeL 190 800 0G'9¢
GLEE 1EVS 6 a6cl 1) 599 113 € Q001 8v'68 €0 0ce S¥0 €8T FA A 800 y8oe
20'ee 86'v9 G yZet ot 659 G € G666 ZL66 L0 $9Z¢ 144 896'8C €20 800 84'6¢
09'ie 6909 8 ocet 419 28 (111 € Z00L €566 120 £E'eE 4] 89T ro 800 LTl
86'ce Z8'€9 L G0¢t 133 LI 0 £ 886 9’66 S0 ocee avo 8L6C 000 8OO 14°8E
i6'eE Z6'%9 L 9621 oL 0.9 t43 € 166 8866 A [s]rd SO 66'62 180 800 ye9¢
96°7¢ Z6'€9 2 aiel ot Z99 8 € 866 09001 820 86'C¢ 590 €162 60 8OO 6.8
Go'ee y8v9 8 £0EL 418 999 g 4 1004 #1001 820 ey'ce Sy0 G5'8C ot} 800 yile
£8°€E y9'co 8 yoel 4% clL9 212 4 V66 98'66 120 JrATAS avo G862 ey'o 800 L9°9¢
ZTyve 8919 8 G6ZL il 8.9 14 z 666 9666 120 nce ey'o 6662 610 900 069¢
91z¢e 91z9 8 yeel [2}9 129 4 Z LO00L Lg'6s 820 8TEE SPo £E'8C 610 800 fAAAY
€828 0818 L gict 23 699 ot Z 8966 €866 G0 8L7¢ 8y'0 6182 8Y0 800 10LE
ci'ee 9L'79 L siet o4 189 8 z 000L ¥e'00L 620 £92¢ v yZ6C eco 800 rAAA™S
LLEE 10°19 f 10es it 198 413 3 8966 LS00L 120 8y'Z¢e 8y o 6962 ivo Y00 pLle
0:3:0

G604 [sraras g6l 51149 €L rige i8 [0: 741 GeTlL Le'es '8 629 $50 5482 LL0 yZ'6 [srA 4
ZL89 ey g6el LIS 274 gi9¢ 66 L19% Lpel €888 6i'g 589 150 (R ¥d 6.0 86'8 yeor
99'/9 6y '68 sacl GTLL 89 41274 88 474219 Z62L 0,98 oLe ezl [6°R¢] 1574 L0 Se'8 0L'sy
G9'L9 ye'ovy 86¢1 F44°1% ZL 2745 08 9681 viyL Zves oe'g 850 950 186 80 Gi'ée yG'lpr
(892 09°0S 21018 6991 1L L19¢ €8 8691 igel 82’86 08 €0°L €50 a1'LZ 890 ve'g yo'oy
ey'L9 68°6S Ligl 1991 e 0.5¢ 8 741 1GPL G166 8L 80'L 80 LViZ 890 158 Zy'Ly
ai'g9 BO0G Zrel €riL ¥4 ovse 145 14519 {9¢. 68'86 v6L Wil €S0 88°9C 190 8.8 199y
JAR ] PL08 Lsed £bgl 99 Zeee 68 Zigt 08EL €986 08 el 050 6e'ST L0 y0'6 (e A4
riesg 29'6% BLEE Zo8ik 89 GLEE Z8 Z8L4% GSEL L1186 86'9 i 150 [21eR74 990 098 GL9y
€979 LOvS £zZel ByelL pa) 69¢ce ZL 21413 19e/ 8886 88l ye'e Lyo 41262 860 e 66'9y
P6'v8 G128 Z8ct 864 89 21449 LL B9GL QL¥L 6C'[6 V6L 8%'L 690 88'GT 180 GeE'R 88°9y
YE'E9 1818 €Lz 8661 L9 21514 8. 6EGE 88el Y966 [ e {60 (TR o0 ae'8 ey
0z'se Ql'e% yoz1 yeLL 08 86¢et 74 11941 eivl €y'e6 194 6y’ L [ 24) 1862 90 826 [ 144
06¢9 L85 ¥68 £eeT cL 600¥ 0% sl 69LL €696 89'G BG'6 250 12874 880 ve'L ga'ey
8519 88'VG 120t zzee 0L GE8¢ 144 861 PSLL €886 209 8L'6 250 [¢}:3174 GE'O £p'8 5844
G169 3400 51241 [¥A%A 9 £26¢ VL B8CGE 66LL Lv'.i6 el 66 ovo 89T 85’0 608 (AR 24
sseib

Sd OM Widd NNZA el BN U e [fe] [ s Wi0L Oovo OOWN ONW O34 €0Z¥0 Ol ZOIs
YO Bunesy 0,00¢}



111

6eel JAR:14 € 33119 413 782 112 i ZL0L Z000L  LL0 orsy 6y 0 6G°CL 880 200 GL0b
el 88/[Z £ €0LE [ [2ie74 [419 [+ 1001 Ze6s eLo 85 'Sy sv0 [y RA4% S0 000 y8'6e
SOEL yo'9T 4 174" 413 087 1519 3 P66 GE66 GL0 86'GY avro [N A% 80 200 89'6¢
€8T €50 & [:194% 413 152 113 Z ve8 L0004 €10 iroy aro pezE 180 800 €00y
[ %1 086 ¢ BLLL [418 3274 41 [} G668 8b00L 10 250y aro 861 950 000 aL oy
yL T 80'8Z € oelt 6 14°14 8 i 566 S000L 10 £L8p [5-44) [aran o 200 800V
[LHral FAR T4 14 gl 6 ove F47 i 000F 0E00F G190 68°8Y Sv'o €9'4 o0 Y00 05°0F
£eTh A7 £ yZii 318 e 1513 { 000L 1800 010 68'0y ' Fé: NS 990 YO0 145504
0Tt (344 4 oCLL 6 e lord st 3 €004 89°00F L10 Le'gy €V o 06'HE 8.0 200 ye0y
|8l SEET 4 GTLY ol el Zi 3 Y00L ¥E00L  GLO PA:3 4 B8O GELL 080 00 SLOY
oLz 0e'6e 14 6L 04 €52 8 S G666 €OL0L PLO ol a0 (1Al iv0 200 oy op
(P4t 8Lel € 8yLt O 1424 Zi 3 886 ZE00L €10 LELY ap'0 08’1t €90 200 ?6'6¢
FA: MRS 284 14 SELt it geT i Zz 966 8LI0L VL0 &6V 50 [ %1 €40 800 690y
8y'Li etz t v it 87T 49 i 166 LOW0V ¥LO 8Ly 280 €+t 69'0 200 8L0V
€94 $6TT € +9/i 418 yel oL i 986 €E£L0L LL0 oy'ay 050 Fit €60 Y00 ceoy
aulo

$¥6'8C veGE POl £T6T 08 €L 86 a8ct LTE8 y6'66 ¥68'9 96'cl 190 Lol 680 LLL Qe84
6567 88°LL 1504 £06Z 04 6bZL f04 ST oze8 ye'es 08'9 QLEL 860 1G0L a8'0 194 84'89
1922 £eLL 6001 $80¢€ 69 €01 £l j5erAl €628 LT66 099 ya'vi 850 gL'04 0 25'L 89'8G
06’82 €841 ;74 %Y 7817 2] peELL [15) LeZL ovve vo'e6 j4 8 FAR €50 l58 860 el 95'6G
17874 8p'91 £66 80 €L JA: 121 2014 81z GLER 6L66 659 08'6l 190 8101 160 Gel 488G
7874 [A* AN Zzot g6ie Gl 80¢t 104 0ectL /L8 Y66 ZLe 16vi 290 0044 G880 GE'L 68°LG
0067 8.°8L V66 8vic 0L Giet oot 8TTL ovZ8 <6988 159 8L 850 €Ll €80 €L (A1 AT]
66°8C PESE 0.6 gLze 8L i6L1 96 (4741 GBC8 Cy68 Zyre Frac1 90 QL0b 880 6L £8'8%
GLLT 8z'94 196 61Z¢ 8L 892t 66 ozt 928 €966 Ge9 8C°GL S9°0 L0t 680 L 1588
ZSLT 1 2%°1Y 1004 £00e L [i7A%Y ¥0L 12197 08 0L66 899 ey $9°0 166 680 ZTL 0669
69°6C LL'8 066 £L28 69 96t 68 0641 1628 U866 659 596 850 686 080 oz'L GL'8G
[T 74 L8t 086 00ze VL o2 TAN £6 i6t4 8928 L1686 o FA 11 860 2801 €80 FANA forasi™
joraera 8E'GL Gl6 igie vi orit [+74 641 €0v8 7686 Gy'9 68'yL 290 896 £9°0 60'L 8G6S
96'67 6T £96 89ZC B89 0LLL 68 [YARY Peeg QU686 8’9 yoGL IS0 886 LL0 60'L LY6S
€582 €51 286 8OLE 124 v6Zi T 14132 19C8 7986 124°] 19yt 180 £8°04 860 €0'L G8LS
sselff

S4 OM [ EE] NWNZ4 ) BN uw 2] L] v 1S L0 [8)'76) ODN ONW O £OCHO  £OZY Z0IS
80N

80N Buijooo 0.52¢1



8691 €952 15414 2889 [54 6ivt 18 865 £80L S966 x4 6L 1A 9L aL'0 8r'e .8y
28t $8TT 8. 6ZLL i9 Lsel oL 509 800L 18°00L 9T ac'ee 050 944 190 JAR clay
LL6l [aXa 1744 0889 08 414211 4 {9 PL0L 19004 S0E LLe 80 [ R %Y 000 15¢ 8T8y
o961 298 0% 995 6GY9 LL 2661 a8 L9 ZZVL YZ00L Co9t .82 280 otel 8l'0 65'¢ va'ey
864t £6'6C 57474 189 A Govi 8L [474°] $40L 61001 80¢ pAgE oy'0 80°CL 880 €8¢ 9Ly
[2le 8 ¥ 61T 1359 Zoes 8L Z0LL 18 i14] oviL YR'00L PSE 80°6C €90 00vL 8.0 19t al'ey
7981 T 2214 €659 89 0est €8 v €9LL 6600V Li'E vy oe 9’0 LT €L0 [99'e 9L.6¥
188t 98've 0:214 1088 8% ot 424 82 80LL Z6'00L 88¢ 181 ayo €911 G40 oLe £e6Y
GE'8L £4'82 £05 0€58 ig 851 16 [31%¢] GLiL €0'001 2T¢ A4 R0% 6¥ 0 167 8.0 cle og'sy
ZL0T 1LSC €ye y5e9 59 891 68 258 GCiL 6066 ere £89'87 250 FA*R A 8.0 vle oz'gy
ZL'8L 162 1533 ges8 99 1264 18 FA4e] tE€LL 8T00L Oge 120e ¥60 €5 8L0 8L yi'6p
oz'ie yo've ves iglg 0L 8891 6 169 80CL LS00L eve 2882 FA*RS) 88'¢l 080 og'e FA*Y 14
98'eT [0} 244 1L9 £666 e 2684 68 069 pELL B68°00F LEY €Tz 890 £v'si Lo Z8e 598
Z6'8t 80'vT Gig 0659 9 oGl GS 859 gZLL 06’66 [ gL'0e 280 1921 A yae £8'8y
oLoT 8T '¥T 144 16£9 18 GO 6 LL9 Gell GP00LE 0SE Qe'6l ¥50 2EEL 080 G6'e mo.mm
858}

54 OM Wid  NW3d €5 BN W CE] ] [\ 1§ WIOL  ©OvD  O9W  ONW T34 €0cHD £0eW o8
LiN Buneay 02,0861



113

L0C STy ves ye9 ve ori 34 L yS9L v8°00L 69¢ egce  0€0 6C'4 8e0 osv 69'95
s]%4 oge Lvs Py89 13 avi o] 1A GL8L 88001 8l¢ Love  ¥E0 et 000 os'v 16'68
207 ey fasi] €289 62 (343 174 60L 4494 18001 I8¢ Leee  6T0 eyl €20 or'y 6899
A 6v's A 18/9 6z 5t 9e 6804 189/ 06001 <8¢ LLee S0 ee’t veo or'y £6'95
SLZ yey (85 88 e 5513 e L 5L 9€°00L 8LE plee L0 ee'l S0 o'y B6E'9S
1434 88’ 088 Gele 14 3143 34 90L 9684 LYO0L  6L% epee 2O 384 8e'0 vy 08’98
-1 x4 1344 avs 9.9 ye 13413 144 00L L69L 08°00L 6L¢ lgge  0€0 et o ov'y 5699
eLre ey 85 1089 Se 43 oe (4373 GBOL €L00L gl¢e 9sce 00 e 8c0 8e'y ¥5'9S
[ XA 4 4 4% 2089 A 951 0% 869 298L v800L 9l¢ 8lee  TEO ge'd Lyo 1 4 yL9S
¢4 ey $as $989 ve vl o] 669 999, 85001 I8¢ Ziye 0E0 el 000 8e'y $9'9%
sez 8L's avs €589 4 99t ST 189 099, [6°00L 6L€ 80ve  BIO Lyt €Z'0 o0 4 9.9
8Tz 8T'g 188 €GL9 oe 851 [44 00L POLL 6866  88¢ glee  9T0 ee'tL g0 9ey 96’96
9T 89y i8e) 8.9 e [3:18 oe vee 9L 85001 GS8E €9ee  8C0 €e't 8co se'y wm.@m
ssej

Sd om Wdd NINZd D B Uy EE] 0 v IS WIOL  OVD OOW ONW [e=E o7 e R Yer Al cols
6LN buneay 0.08G1



114

ye0T €To JA R4 yTsi 204 6ocL 14 18€ 1z 6L 0864 €£'86 pLZ 61°6Z 180 05'Zh 80 €84 ZEVS
le0z TS (2N ¥ 1% 41 001 8ivi 7 8¢ 514 4] €161 L9668 097 8e'9C 0670 6871 660 €' LS
956k  P¥'S 1661 Lyl 56 4143 9T 69€ |59 Ts 9961 9T66 SYT 10z S80 €TTL 801 ¥ £Y'vS
Sy FAS] 08T sg'el p6 e€Zvi 8z 00y o7 144 9/61 8T66 €T £eat ¥6°0 6l'el 88'0 0 820 441
90T oY 9TT  9L'SE 18 Livl 74 134 6C ey vi6L 9686 ¥IT oLez  S8°0 LS'EL 1oL 00t 6L¥S
8L0C  LEY s0TT  vToL S8 yxa4t =74 354 A% [44 LLBL vLOOL OZT 099z €80 S9'El (3" 860 LLYS
yezz  €0s 062C  PESL 6 S6EL 514 (444 €e 6¢ LI6L 0000t 6ET 06'6Z 060 R A 160 78 4°]
ayuoafid

ST 444 8 €E9L 14 gle 274 6 €66 1986 820 L8y S90 8LvL 860 0g0 18'8¢

T 66'le € OLLL oL 144 9 4 066 9186 A%] JANA SN 4] 6901 Le0 800 ZE'6E

y'9L L9ST ¥ €vol €l <14 2 3 100k 8¥66 S0 gpey 850 yESL  6€0 v00 6¥'6€

[ A4 A 44 L ovol at 6ve ot b 986 L086 STOQ er'ey Lo ZL'9L 0§50 00 zoee

{740 S 7§ 4 € 7448 33 49T 9 L 666 1986  LL0 89'sy TGO e5CL e 00 34

8.1 pE6L 4 [474% 41 vee 8 L /66 Op00L LLO Wiy 880 9e'LL o 00 ey oy

88’6l POVT 4 5991 €l i€ L L 166 S886 E€L0 6LeY 190 syl 950 o0 18'8E

00'Ch ¥6'LT ¥ 69L1 8 [444 9 3 pe6 8266 ¥Lo iy Wwo 0911 820 200 9€°6€

8CTH 1942 € 6TL1 L 1444 6 2 666 2986 0Lo vZay €50 €9t Ly'0 Z00 £8'6C

ar'cL 09'ed € SpLL 13 osT 8 14 686 IT'66 €10 eley 050 8611 yo 00 Ly'ee

sgel S09C S LiLY 113 8L L t 066 Ze'66 JARY] a6y 050 6iL'el yeQ 00 yeee

L FAN Zive v pot =1 §5¢ 9 3 886 9566 SLo tiey 89°0 19'94 Le0 00 89'8¢

85°GL 80T 9 1584 S 80 A 3 y00L 966 ZZo LBEY L0 L9'vi L£0 00 98'6¢

eril 8z'6T € 574 6 fraa 9 o} 000t ¥0004 010 Z9'ly ev'o LOLE [A>%] 000 950y

BUINO

145814 yiat 32319 /%8 FA 4 L84 24 viLz 8818 6966 erZi 1% 4 ovo 8’9 sZo G981 oTes

LEVE [4 244 pa81 Les s 6yol it /LT 9918 €5°.6 et 6y’ [24Y L8 eI} €191 s

15eg vigi 6v61 628 4] L1014 oz 89T LZz8 S6'/8 LTt 8y sv'0 ve's 81’0 08'GH TLis

Ge'Te joi: 2 41 f44 43 SEvT 333 {48 3] 6v61 626 (986 86 ZrLl 490 8001 Sy o 95’11 €r'ss

16T Yl 96C L ci0e ¥6 8eet 08 9L SviL S066  8E® ezl LLO 60'LL 0OLO S0k 89'€S

006 6Y'SL SETH 6eLT Vi Shil ¥6 7414 7808 €£86 908 08T 190 156 €8°0 v6'6 75'99

sse|b

S4 OM Wid NW34 €0 B UN CE] o] v WIOL  OVO ODW ONW Odd €02¥0 €O oIS
OLN Buijooo 0,08L1




12es voe yxa 906 ot 609 2801 FA> 4 GLT 1966 o8B0 8L04 it 9L '€z LLZY ye'ci GL'8

LEVE 1504 o] 589 G 3533 N 8.61 14 yZ o0l 000 YLt €20 1 41Y €Lo 1869 GL0

8Sve £9'0€ 8 4342 (43 514 se 1761 [ %4 [0 Ks IR YA ] [ AY €50 £y 8l GLh Wy —mmo

Puas

|5 ¥4 L'l L9ET 09’2 oGt g0elL [+14 zy o7 €S y./61 9600} 68¢€ VevZ Z8't 1ovL 680 §Z'L BLYS
8450z S0 0672 viye a6l yZel +13 /6E zZ Zs L84 8T0DF 806G 8%Z 50 ozel 8.0 €L’y £8vS
1zoe 8T oz'e? [ 1 T4 062 agzi Gt £6E 61 s Gi6L L0001 SY'Q €8'¢C 8%°0 88T 890 Lt By ¥4
iR ord 1804 [ 74 et 80Z yeet e 01414 124 0% 78961 G966 e 18TT 801 FA N 4% Z8°0 gL QYs
JA: R4 ZyvL Z29'vT €604 el Ligh iy j%44 o4 214 8/61 €200F 46%€ veve el [0 41 080 |04 £G'YS
1607 L6 alL'es g2 06t BEEL 64 80V €l 144 8.6l 7666 08y 8LYT 80 ig'el o y0'i Z9vs
ye'Zt 888 YAk 74 78 QL Ji: 74" 25 8Ty 874 lE 8661 €Li0L  ibYy s Rord 0L vyl L0 180 956G
2Lz 108 a6've 0S'tl 2749 #8C1 £e evy 6 e 664 LP00L €SP [*isB 74 FAtRY £l 1e0 180 00'6S
¥4 €56 FA: R 24 00T 88l 6ict e Ghy [£4 8¢ 6961 Z6'00L 988V [ 24 2.0 eL VL 9.0 G870 5044
Sh g 8011 FAN 24 a99¢t (¥4 6924 oe eiy g 0E 0i0Z 2666 gr's gEET 860 g9G'el zZ0 0L0 ZT8s
(Y ¥4 Y001 (5 74 ya'61 191 5 oz SOV ] [+14 €P0T v6'66 098y 9eel 180 av'el 0 850 8199
ejucebid

1062 £8°€T a1 68¢i ve (FA] 14 8i v66 6500L T80 vive 0% 8'6e [744) 180 £9°LE

GL8C ZT8e oz 99¢i 1°13 FAs ) Zi 91 L00L 6540 0L0 GL'ge 880 [ 850 180 0y 8¢

FAeR:14 6i'eZ ¥z yeet €z 2154 8 ai PL0L LE66 €80 eye €0t Give 860 150 8L'8E

862 0082 L Zivl 374 0s 8 (33 1001 8066 080 0L6e 680 ¥y ed 8E0 9e0 ZLie

£e'el e4v'zT gl Qgel 214 GGG 14 8 €004 1586 S6'0 14447 0Lt LLYT 0o 8z0 [A3A

1082 £8ve 510 80vi 8 125 Z G 666 9E'L0L  SPO0 tZ'ge zL0 o} 2414 800 FAR] Ze'ge

€6 6012 128 o1 4 4% vz 86Y L G Z00L vS00L 680 yZ'le FAIRR 88Te GE'0 GL0 8y'Be

882 6'le £} et yA S 8L gl 14 Zi0L 89°00F SYO 82'Ge 8.0 19¥e Lo £L0 89'8E

BL'8T LEEe Gt alel L £9% £l 1 £00L SO'LOL TS0 FAR N 8.0 Y9'ST ¥9°0 800 €8¢

80'gZ iee it zZavi 61 ¥Ses L Z 0004 €¥ 0oL 820 896G 580 G162 ye'o 800 JA: AN

09’82 e Zh 08el 13 95 S 3 £00L 6200 Zv 0 8Lse 18’0 29°6C G20 ¥00 16'[8

0:3:0

99'Ts iv'el 1891 yect 0L azZot 174 Grel Zei8 6.6 .04 8e'9 960 8T¢t ZzZo ozl ay'es

00'eS £6'€C 0Lt Liet a9 0egl [0}% 9e61 £EL8 92’86 604 ZE'9 S50 £e'el 9z yeLL $y9'6S

£128 Z0'vT yo9tL eyt a9 Legi je74 0c6t yrig LP'86 8904 8G9 G580 |E'CE €20 8LL} 896G

€679 VWoel /691 0vL 69 [5%°1% 74 21439 ¥E18 0586 18°04 iy 960 8E°¢€L 0 oL mh.mm

sgey

Sd OM [YEE] [N EE] €D O U CE] 10 Y 1S IWIOL [6)'7e) [el317] ONW Qdd €OCHO £OZW OIS
LN Buneay 02,0811



1io

L8'vL 6y 3Gl TGt 6 4149 84 8942 1z 86 9/61 0566 [5 0182 180 ov'e 9.0 el 98'6%
Zgel 100 % oLyl 091 £9 8eGtE ot G852 oz €L 0661 16'86 L9°L eL67 €50 19'¢ y6°0 ali L1295
iyt 18T Fish 4% La'GL 9% 1661 Li j1ievd 214 8 661 9v'es 'l ze'6e 50 106 160 sT°4 26'6S
[119 2% 0eT ey di 891 1% 4 €051 ai 98z 635 FAS G007 1266 GLH €182 €50 €06 801 680 98°9%
ovi 19 vZvi 2894 e yi9l i (Y24 L2 e 6861 9.°/6 180 610€ 850 €06 680 9.0 iYes
Ot'ed [ % oeet GZ'gl 8 8voi 9 GG 12 (44 ¥661 6086 vL0 o'ie 80 95’8 GL0 £80 LB'SS
8G¢et or't LLEL 6¢'91 iz 9Zz9l gt 92 474 [13 900C v9'86 (Y] 6.0¢€ €50 68’8 QL0 Sp°0 1996
syuoabid

[S:2 2% 8977 8 122210 €t G892 b g 100V v9'L6 10 ye'ey 8450 Zeet 8s'0 120 {e'6e

Zyvi 1£TT g 2991 49 28z (43 L 600 LZ7/6 zo ivey 850 ri'et 090 00 Ze'8e

evi 0822 G 1721 Zi 28T i 3 Z00L 6918 0z0 18°ey 150 ai'el 040 v00 GL'6e

Gyl a6'ed 9 G694 Zl 282 €l { 696 98'86 120 8y 95’0 65°€L ¥90 y00 00’88

vt 6212 g 6oL £t 282 (2% { ¥66 8966 840 LTSy 90 evel vS'0 y00 09'6¢

wEZ.O

FA 54 FASYAN Gyol 29961 16 GG €6 (22518 ey8L 9L'/8 €e0d 88 TLO 9L 8.0 0t 8LC9

0E6E 289t 1064 [5% 74 16 691 68 Q0L4 0Z8L CTOL6 v'e €601 LLO Ziel GL0 8996 LETS

147814 yo'61 1691 7661 £e [$219 <74 0864 y0OEg [P'66 6904 3 A 890 et 190 0E6 9.8

000e 8684 yeet L68E 58 128t 8 GG 6GEL 9L°/8 $9'8 Byal 190 8874 6890 Be'8 Pm.mm

S5y

g3 OM W34 NWFd €5 5N U EE] 3 17 1§ WICL  Ovo  ObW  ONWN O34 €0ed)  tOCcw | OIS
LON Buyjooo 0,621



SyeT le's 1LET 8801 201 ovel 6¢ 34 4 e €8 6661 95'00L €9T GE'YC 81 ot 49 Fo A G6'L 8EVYS
o€ g9y [ 24 s8TL 88 i9el ge 1444 274 9L 8661 €201 PET (7814 Gi't L&' 101 [R: 2% 0T'ss
00ee 9% (29 74 g1z L8 ZZet Ge {554 0e 157 G861 S000L wZZ 1Sve o't 6z vl S04 ZLh 068
6vT €8y 6197 €1 £6 10ed (=24 57474 [ Ly B8l V6LOL CvZ 8y vZ vl 009t ) 24N L 976G
(5824 89V €L8e L4’ 06 oeet 8¢ [ 744 1z 214 6/61 y9'LOL 9ET S6'vT 8T 28'6L ¥6'0 oLt GE'GS
a9s'zT 96t [ A4 yeTh 8L yiri 49 gt %44 oz £e vi6L LUWOL Y07 0692 814 18y 160 8.0 Wes
eyuoefid
6591 1502 L ¥191 91 yZe L 14 1101 627101 820 eS'ey G0 8G°GL GE0 €10 FANS 4
[4:3 47 et 14 0091 gt €62 2 Z 8001 Z600L ¥#i0 8vd 9.0 rivi 620 900 8950y
€91 8Ll L 1064 vZ iy s} 13 SL0L ETHOL SZ0 196 (1198 % 6.'61 060 Yoo 76°6¢
(% R 4% g8t € 8994 9i £6Z 8 } €001 vO'LOL o [0 4 9.0 14543 Sro Z00 v oy
9z 0z ieet L 53419 {24 B6¢ 9 |3 100V 8ZL0V SZ0 FAs " 4 66'0 89'gl 820 00 Lg'6e
(0125232 (S48 14 G981 LE gie FA t v66 89'L0L ¥i0 €06y €80 5L SE20 c00 1008
|s0€EL Y8 € S0LE 143 662 9 3 S00L €6001 €L0 % 214 89°0 96z Leo Z00
¥ 0% gLt 1002 1201 174 74 %Y 8z €8ie Liy¥l BL'66 Ziet ig8'y 80 av's 9z'0 1681 28TSs
194, Zy'st 20T 31014 06 i6eL G 0g0e gell 19°00L 8ZEt A4 SLO [ FAR RS eLvo oL'gl JA S 4°]
ErAse] LiEd 1981 o1 4 o8 8501 il L8LT Z5i8 80001 sPZi FASA 29°0 08 0L'g 1O°LL eyes
v9'98 4158 41 8L [*14%] 98 G8Z4 ¥4 89.2 1808 80001 0C7CL 882 YL 0 Z2.0L 810 S99l 169G
el A o6'et 281 134 2L 666 e 8Y9T veLe Le00L 2T G6'E 190 6858 820 gi'8t 6y'86
Y8'88 [ A-1% 1264 ovs I8 0%t gl eeil ¥S6.L 8T 66 31 44" 662 GL'O L g0 gi'gi ev'es
V2.8 g8l G681 €LS 08 leEl R4 682 8018 66001 191 vz 190 42 81 oLo 99'GL [3: A
FA ") F4 4" 081 €Z8 a6 £9el 113 6292 P08 gr 66 [ orar Al €62 820 fA N1 €10 €96t GE'9G
JA Al v 1N 1681 2192 18 FA%1 fo74 BEST 8608 10’66 80T €e'e 190 (1223 €20 8061 £9'9%
8vs |0¥L 18L1 Go8 28 £641L 9 LLET 6528 1966 eL 80y 890 QL6 €20 Gipl op,mm
s58)
Sd OM WHd NW=H €D BN U CE] [s) 2 5 WIOL ovo OOW ONW Q4 e0QcHD QLY 08
LIN Buijooo 2.08L1

Sy UW/34 UOSIYIINN INBYIUAS



18

8T vl 614 ShpL 14 41 €2 vigt :1% 9T 0€ [or4 0861 95'10L 280 veie 890 656 80'L L0 8518

TivL ZZ'h s vl LTy 24 E£181 >4 21274 |74 zz €661 S8'10L  ¥9°0 SE'LE LL0 26’8 880 €50 8.4

yOvi oe'L faa 43 f& FAN 14 6E91 [24 Sz €z 0T 9861 €610} 690 Z8'1e aL0 956 80 8v'0 99°LS

seZh get ZsTH G941 LT 1991 1z 324 874 9t 8661 85’40t €10 Sh'ze [YRY] ee's 2L0 oro mr%m
ejuoaby

LG Gl 80°L1 14 Lol 9t s0e 127 + LOCL #Z00L PO PeEY ¥8'0 yevL ¥s0 Y00 ocoy

yeGL €464 S £Y9L /i o0e i 0 $O0L 6E10F 020 SYvy 180 vivi €90 000 asov

LGt 098t 14 298t 9t 862 (23 3 0004 €9°00L Si0 89y 8.0 Ze'vi 95’0 ¥0 Loy

Sp'GL AN & 8594 61 LOE 133 3 866 ZTL0L 0Z0 vivey 08’0 vivi 180 700 SO0y

866 el € avot 81 L0E o0} 3 G001 80720L ¢€i'0 S8y S8°0 3:3:4% LS80 200 80v

Zost (913 s 1991 9t 96z 6 3 POOL €e'i0L 810 Z0'sy vL0 epL o 200 8S°0F

eL VL 6981 4 1991 13 08¢ ot 3 9001 8210k L0 80°GY vio 203 2% £50 y00 [ 4

8LvL 0L°61 g 1891 L 8LT £l L S00L ¥5L0L  iZ0 ey'sy 08¢ £sel 69°0 ya0 $8°0Y

¥yl 661 € 8.91 FAS 98¢ 8 1 1004 1SI0L Lo 99'6y 180 88'¢l Zvo 200 190y

€sel ce6l 14 r69L 141 192 ot l €00t L6001 ¥iO Se'ey 890 Z6'Ct 050 200 |G0¥

BUIAIO

gv'ie 96t} [4174% 1zze 748 pa%-1% (431 3418 €LLL 68001 681 80°GL 804 8zl 860 €L'e 18€S

i8°0€ EvTL 6iZh 162€ [x4% orasls 104 £est 969, 99004 €6'L 6E'GL oL [yA% 680 106 99'€s

6v'ie JraAl ZiZL 1el¢ o7 ersi 6 yESE €CLL LVO0L S8l YOG €04 08Tt €80 €06 66'€S

CELE 9611 g1z1 6145 143 ZESL €8 £est yeLL 9100L 687 vo'sL S04 TLEL  eLo £08 0L'€s

080¢e zTel GETL 8yie it 4818 435 Zigt L€l ¥866 96°L 80'Gt €60 Sy 860 88'8 €4S

L8TE 8811 0s24 geLe 154 1091 99 jaG)-4% 96/L 10004 908 €S o't eCel SL0 SL8 66'€S

Z0've 08Tt 80C4 90z¢ LEL GZLL 16 £ovl $69. $800L T8L -2 41 it 748 49 080 09’8 LE'ES

88°7¢ 8LCH S6i1 96ze oL 8591 L8 42144 8LiL €V00L TLL ZL'GE a0t eLel 8.0 09'8 pres

og've -1 4% g5zt yi0e 0z SOLL 6 6oyl 262, 8Z00L 608 €y 860 1071 080 09’8 L5ES

SOve sTel 8811 00Ze 3194 6LLL 18 25148 81/ 99°00L 89/ 8|y 80’4 A S80 ¥s'8 v es

18ZE LLLL 525 1Zze s14% ovgi 204 4144 6€L2 LL00V 194 122 4% yi'L 65¢€L 68°0 58 vv.mm
ss€)

84 OM [REE] NN €D b uiN LE] 10 [ IS WWIOL  OVO OOW ONW OZdd eO2dd eOCv oIS

90N

Bujooo o.5z¢t



119

£502 £8'G 08’2 G6'e 0t 6824 86 18¢ e L 8.6l 06'L0L 887 1A 24 7] 66 Pl €L 2568
£e 61 Svy (a4 ozy 48 Ziet 28 0LE oe G9 LIBL L9100 ¥ET 829G €627 Sy T JAI RS G681 Sh'6S
0L02 gL's €81 90y 66 Bigl 6 G6¢ og 05 ye61L L6004 8T [:328 74 oTe gi'el pasn 81 0Z'6%
GL'et w's €861 149 4 €01 g5¢t 98 FAS el o 1861 88°00L 69°C [ 4414 €8¢ €6'4L 1z oL'L 09'65
syuoabid

B88EL 829 € 0694 144 €Lz L { 8001 #O00L €10 oLvP sS0'T £0¢El L0 ¥0'0 a9z Oy

GLGL ozg g #0814 s 60¢ 6 i 8001 00°L0L 120 96Ty Gee al'vl o 00 vz oy

99'GL G9'g € 1081 14 20t 4 L Si0L 0800L €10 06y e [Re 2 41 |3 4] 00 yG0p

S6¢h 069 £ aval iy [sle7d [38 3 €104 18101 €10 (=)~ 4 86’4 084 85’0 Z00 [:TAR% 4

GeLL 299 G 2691 21 ZET 8 i ZLoL 8T'10L 810 peop 691 £e'b TPo 200 ey

Live 6’9 g 9Z94 Zy 887 9 I Pi0L BL00L  L10 1A% 06’1 BLEL ZE0 00 Yoy

0s'bL g € 9604 5e (7 8 i yi0L EPO0L EVO (1814 89'L 180k 8E'0 200 vily

(R 4Y 6Y'9 4 Zret 144 a8z 8 i 8001 6866 €40 al'ey L0T 0g¢ct o Z00 96'6¢

196t €L8 14 1191 oy 108 8 S 900l 82001 €10 eoer 124 R4 0 00 v6'6¢

Ze gL 68L'g 14 GRS 3% i€ 5] o] yi0L €900 G110 STy orzZ 064 FA 4] 000 LE0Y

SUINO

Zy'ss 8Ly eqLt 109 (%4 0104 e 1042 198 ¥9'66 8 182 Ly 858 00 reat 908G

6809 oL'g zi8l 2514 [s074 1204 474 v T4 iyZ8 9’68 (A x4% FA'%A 89'L 89 810 8’6t £6'8%

£8'9% [ 94 8ELL z8G 9zT €904 GE 9685Z €228 05’66 G4 e 881 06 €0 £9°6L jelageis]

0R'Es 60'G 084 104 1174 BO0L 6z 21 4°74 8618 TL'66 1941 FAN 8L’ 106 a9z 0 yeGi GT 8%

L6'SY 60 8Z81 866 [3:74 801 ve fA% YA €628 2000L  ¥90L (313 4 Ve 8.8 €0 vt vm.mm

ssgjl

G4 OM [LEE] NS4 e BA U a4 0 v S Y101 [s)'}e) OOW ONW [eEE] £OCHD  €OCTY OIS
ZIN Buijooo 20,0811

02 UN/od UOSIYoINY SBOYIUAS



120

6L 06 ye'e 1244 68 cest 9 (443 z (o7 4% yesL LE00L T gs6z  0CT 00's 6L0 $6CT or'LS
€69 88'€ el oeT (72 Zyol 18 [A%3 Z 8 8961 L4°10L €02 JAX A Y [ R4 €8°0 poe 1818
ve 05t 059 9T 14 [ 78] a5 sei 14 514 €464 LVI0L 080 leve 284 ey 60 [ Z0'8%
€96 e L9 14 34 0Lt e] 9zt oz g9e 7661 v6'i0L €Lt LL'ee 807 sy 8L'0 160 £8'85
g S9'tL [ea:] 0T e 9Tl ] 1 44 124 8661 v’ L0i 880 80ve  ¥0T Ly €80 650 €885
ayuoabid

85°L e 9 1841 214 oSt 6 3 866 6966 TCO [3:3:14 W2z [a>93 8o 00 €90y

(X4 8Le 9 0LLL oy 5143 i 3 400L 0500L ¥20 egey 22T SHL $8°0 o0 ge' iy

194 LLE 43 12 723 144 BEL Li 4 OL0L €8°00L 9¥0 (23T 2 454 28’ 180 €10 L7 %4

Ao

8y'ec €se GO61 [74:18 (34 198 €5 seeT €69L vZ'00L 082L 698 €8T L o Lyl OL'ps

FASW XA A4 G064 0igt °re av8 89 ;1244 6G.L 88’86  GETL 068 5:34 S04 090 9T'el LB'Es

e 5274 9841 652 ore £68 [34] ;14 %4 (AT FARNS I A 8e'0L 847 66'9 6.0 6¥Ci a:yas

9.6 082 08ct 08y e 9£8 59 SSLL GeeL 9616  ore Si6t 19T 889 g0 TzoL ye0s

6eZL 9e'C 001 9005 gie €51 L8 0591 €GLL GE'668 999 epez  09¢C 8z'g 080 LL'6 16’6y

SS'ed 9z 88 209y ele vLL 16 8€t 1661 S0'86 LG [ YA A4 (A4°] 080 1241 9'Cs

05+t 2z 968 SESY [8:74 9z9 26 96z Ov8L 866 TLS 61T 8e¢ oe’s €80 €g'L 91’95

90'GL 6z [e14e] A 967 9eL 08 [ 7AY 0e08 Z900L  20Z 09'gL 354 €C'9 80 09'L LS

9L 74 286 60VS 682 961 9% SETL €6ZL LZ00L  SP9 €562 OvT 0L'9 050 JANA Ze1s

L0TL ez 906 €Ly Z20€ 169 [s154 9611 1897 ¥L00L 209 Lz v§T €6'S 660 L mo.vm

sseyl

EE] oM Wad [ZEE] €D B U 84 e} 7 WWIOL OV OOW ONW Ozdd4 e02H0  eOTIV 20Is
GON Bujooo 0.5¢¢L



[a]

8vL0L O 0 ¢}
¥o0el O G €
1882 O i 0
Syl €006 € 0 4 z0¢e
9888 0¢LL 4 3 9 oee
0068  i¥9L b [ f 9ee
Z00L TTRY Z 4 € £TE
9v'LL S09L $ 13 14 voe
pCiL BLel 0 3 G Loe
056 069 Seie [E6S 3 € St 6vZ1
666 e t0Te  8L0% L € 43 ezl
gL6T 0SL €S1iE 816S € Z ovi €2TL
gele 6L's  l0ee Svvy [4 0 004 21444
8G6Z S9Y  €0'le eSvy ot 0 68 [ 2141
LC0E 85Y  L8IE 0§iS € 3 68 JATAS
BE'BE 618 14 0 Ot yociL
808 0T08 14 0 6 [4443
88'GE  €6'RY g 0 <] 0sTL
eLse vO'pL s [4 [+ Jaras
Li8€ 8828 g Z ot ovei
8y'se L1869 ] 3 i ivTi
yeee  9L6L 0 0 ot vt
g98'se  €6'8. 3 0 6 [ 2°748
0E8E 806L 14 0 o 00zt
LL8E 9LLL S 4 6 ivTh
yr'eg 6809 L ogl yroL ovvi
£ves LS09 414 Sii 659 Zecl
€968 €879 0 0oL 681 togl
L188S Tt 34 L6 PGl 8491
S6'18 9L'6S 0 8L 6081 ¥ISL
sd oM W44 NW3d N eN €D BN

14 SLieL ov o] [4 o] 66'€cEl  SEL9 000 000 000 200 ¥eTL 2O 000 Lo 000
Q PGE0L 6T ¢} Q [} ay'set  pLvL 000 000 L0'0 00’0 8809 S0 000 000 000
[¢] \ZZik 92 oz ot 1% y8'veEL 8YZ. 000 900 000 000 1818 G0 200 oLo 900
feew

6 LLL €01 128 oe € S.'86 LLo 000 0Lo  9L9 [N VIR P4 TANI v S 4 4 e ot 600
o1 [3:73 62TL 99 14 el 98'/6 920 200 Li0 989 $EQ 99T  Ti9y  STOL 454 oro
Ol VAL ¥6iL 788 e 149 18°96 S00 000 2o %3] S8°0 8048 21444 059t s 620
13 4 73 arel  8fs #Z ¥ Q048 800 €00 800 §Z'9 6€°0 S8'6C oz 'sy i8¢ 10t LEO
213 /8L v lov 87 S 8116 LYO 00 oo y8'G GEO 96'9Z j 2% yeLi S0t €L0
it €L 32 2 A+ 4 174 L £0'86 000 00 yi0 y8's 9€'0  69'9C 9928 6111 €60 vmao
jouids

ol 615 vi 44 € S66L /966 YOO YOO BT TLT Le'0  po'8L JAA 180 cLo eL'ys
43 585 81 6T € G864 OPO0L OO P00 €t SPITT LE0  Z06L 290 990 0io 96'es
e 285 S 61 4 8661 G600l 600 €00 €Lt 9pZZ L0 859l €50 £v'o 00 LLPS
¥ 209 al 514 € Lg6L 09’86 900 000 08T WL e€v0 9eBl 190 860 Lo 0828
€l 0.5 \z g€ 4 9861 20004 €e0 000 LT SRTT o 1§58k €L0 180 00 96'eS
133 885 143 14 t S66+  80L0F 01O 00 62T SL'ed €0 oesl 8v'0 650 200 LLYS
ejuosbid

6 =78 1 Z o} 200k vO'L0L 810 000 £E0 89'6C avr'e izee pe0 $00 200 29'9¢e
6 L S 13 0 0oL coe6 8L0 000 g0 £68'6Z 6£°0 89°LE €20 €00 100 98'9¢
ot S0L g z s} 00t vi'é6 2o 000 Ze0 §5°0e |24 2Lae 9z 0 S00 100 86'9¢
6 €69 8 € 3 €0l /9004 G20 $00  ¥EO  6L0€ W0 GL0e  LED 80°0 S00 65'L€
] (392 8 £ i 666 99'668 8z0 Y00 Se'0 $P50€ Le0 80°LE 50 800 L00 25'9e
[} 169 g 3 0 LLOL eLi0L €20 100 6e'0 FA N yyo 0g'0e 8€0 00 000 18le
6 9L g 3 0 POOL  LVE6 000 000 se0 150¢e 6€°0 &Zie 8To P00 000 G99t
6 802 14 3 13 G004 €¥00L 800 000 E0 a0'Le 6€°0 81'ie 0zo Yoo S00 L AWAS
6 (2474 9 3 Z S00L  Zy'00L 8L0 000 GE0 Sr'ee [34¢} yaZe ety P00 600 8L9€
6 669 z 4 3 ZLOL  pLB6 TZO €00 L0 ZLOE  BE0  ZL0E 0D vo0 s00 8L'LE
BUIAHO

44 v8sz ¢ €64 /8 ZG6L 0686 900 ¥¥O  LL0L 6£9 €E0  SE0C .20 SLob 9.0 L6y
134 a8yz 62 L1802 €6 peES. €686 800  6E0 120V 8i9 Ze'0 196k vZO oF'it 80 0L'6Y
|24 69T  ve peoZ 26 ShPL L1286 000 FEC  LEOL 868G Zeo  lodz 820 Ze'tt 080 v8'8y
e oeve  se 1061 78 685, 8L86 L0  1E0 156  vpL 0e0  1Z6L 620 9901 TLo FAN
o 965  8€ o8l S8 209, 1666 000 L0 666 089 9€'0  €€0Z  ZED 2504 GL0 1508
sseif

UN 84 8] [ L [§] WLOL OIN OCYN  OVD  OOW ONW 034 e0cHd Oz 2Ol Z0IS
6ZIN Buneay $'0-MI 0,081}

UOSIUDIN[ 2jeyjuls

(#dx3)  (adfy dx3) o) (dway)

sjuauiaedxsy || seuag g



122

606L 0SvL z 0 S joi°74
le'sL evie Z 0 Z vee
£rve 00ve 14 o 13 S6TL
yove vi'es € ¢} O ozl
Li'ee Zgeg 14 0 Zi 248
vve 6869 14 3 ot S6TL
LLyve 6L18 S o oL L8ZL
£GeE 8LSH € 0 ot pA:4%
Zeve vies ¥ 9] 6 45143
slee alLes 14 0 Ot 1624
6eGE G965 G 0 ol [3:7.4%
086e 1965 € 3 L 89zL
[ 2NN 18 4] 9 0 o 89C1
86veE LV /L9 G o o4 SozL
LPYE 6L98 14 ] 0L 821
Le'se Zvige 4 0 o1 85Z4
6118 6209 0 6vi 0E8L €561
8279 G6'vS oy acl 9984 Lbvl
PSEQ Obes L 1244 198t L0VL
9808 1E9s o ol [74:1 A8+
4879 1Ge8 14 614 ¥egL  esvi
8865 186G 14 A 1854 §561
S608 OLvS 0 8L oLgL 8081
9608 STLe 3 fa4d 861 TSSL
6L€8 7878 St ovi 1681 g9El
v8'l8 €998 4 ¥Zi 0eglL  gevl
ros  09'le 0 oet S661L LISt
EE] oM Wdd  NW34 N BN eD B

€k ovs  Oyvi  Z9e St 8 9,66 800 000 €10 TS Iv0 ¥60c 086y 6E9 60 vTo
6 il 8SSE svy L o 66611 OL0 000 900 €S 9¢'0  800c T.69 syel LS50 vmmo
{ouids
ot o8 L L 0 8i0L  8L10L 810 000 860 6S1E€E 9vY0 86T LE0 LZ'0 00 1288
oL S.9 9 € 0 Ziob 09'L0L €10 000 vE0 871 9Y0  GEOE 620 800 200 90'8¢
33 0L L € t vi0L  8CT00L LI0 000 Ip0  EPOE  8Y0O  €80E Lo 800 €00 vyl
ol 6.9 9 e 3 v66 19’101 6L0 100 YED  S8TE €Yo yroe 620 800 €00 ST'LE
ol 289 L Z 0 966 v0Z0L SZ0 000 ve0  [ZTE Sy0  060¢ LE0 800 00 vylE
ot 659 S 4 o S00L  ¥9'l0L SL0 Q00 YED BLTE  SY0  LA6T 9Z0 Q0’0 00 JA: A
ol 189 9 [4 3 66 L7001 610 000 L€0 L0TE  vPO [EOE 620 900 €00 Llge
Zi 98 L 4 3 866 8001 L10 000 SE0  8TTE TS0 86T ¥EQ 800 §00  €0UE
1) 80L 8 [4 L £86 Wiol vT0 000 GE0  88LE TS0 ITyie €80 900 §00  059€
4} viL 8 z L 186 05001 vi0 100 8E0 6ZIE TS0 OFiE  GEO 900 §00  oeee
ot €9 L z 3 600L 8001 6Z0 000 80 0Ll ev0 6667  yED 900 €00 69.¢
s3 989 9 3 0 900t G¥66  ¥ZO 000 vEO LLIE  PPO L00E 620 yo0 00 06'0¢
ot €89 9 3 t 166 45004 8L0 000 VEO TOTE S¥0  O9T0E  8T0 00 €00 1898
[+13 w88 L 3 3 9004  SL00L LL0 000  ¥E0  ZEle SP0 €208 ¥ED Yoo €00 £6°LE
BUIMIO
[44 st iy ge6lL 56 9lsL ¢L°l6 000 080 686 LL9 20 pS61 ye0 89'0t 280 98’8y
sv ESYT €€ 681 €6 L09. 8966 80 €v0 EEOL TP SE0  8v6l 80 9901 80 £5'09
A4 9e6T L€ L68L €6 LBGL #2686 800 6YO0 €20l €29 180 00T Lle0 Zgct 80 OL0§
o4 sove  6C Zral 98 0Ll ¥S00L 000 /S0 886 98¢ yeo e6e6l SO vsoL  LLO ve'LS
oy ossz Le 6681 V6 Z85L  ov'es €00 Ov0  8Z0L £v9 10 veel 1£0 Y50 80 ov'6¥
ey S8 6T €igt g6 COLL  6Y00L €00 €50 666 €0L ye'0  TT6L SZ0 LE0L s8°0 8'LS
144 veve  ve Gi8L 88 L0LL 8866 000 vr0  S00L L@ s€0  ee6l azo oeol 8L0 AR 2]
34 gevZ e gi8t 06 ZG58L 8666 W00 6vY0 986 G609 Z€0 G861 lE0 0e04 080 8016
ov A AN o8l 66 v68. €66 ZL'0  8Y0  1G0L 609 9€0  9I6L €0 8z'0t 80 S0°LS
144 v ve el8l 88 voLL 1§86 €00  ZPO  T00L €£8 ve'o 0§56l 8C0 €101 LLo §L°0§
oy CE AN 14 pogL 66 GS9L £v'86 000 GY0 6.6 €69 €0 veE6L e 0L eg0 mm.om
s8ej
N 84 10 v [is Tvilol  OIN OZVN OVD O9W ONW O34 €0ZdD €0V Ol cols
SEW buijooo S'0-MI 0.0841



123

eris Tt G ]
986y 6Z ¢ 24
Ly'E9 oy 09 4 S 44 18e
ZLeg Zy'le € [ S yee
LB'ST LS 0ELT SLUE 0 4 104 avel
8867 LS yylZ IBee 3 € [433 €Zet
8TOC LS 694 8iTy 4 3 0ot veet
160 €£€19 3 4 6 yeet
0£0e 8TeSs 0 4 L 8.e}
8,6z LL9s 3 ‘ 8 el
€L0€ 2899 3 4 8 85EL
8908 €809 3 8 L £ael
EE0E  P6'ES 14 o] 6 8LEl
ST6T  19'8s 9 Z L gect
ZLeZ 9595 z 0 ] 9gel
pe6T 1685 4 3 6 8LEL
FARY AN € 14 6 Ziet
LPis SOvy ot (724 peSL  69€i
EP95 €6ee 9t 1474 6851 eecl
2019 Zeve 9T S6T 1881 Z8ZL
6100 02¢¢ el 274 yi8L  69TL
P09 CTiee 0 veT (AR 141
oves Liey 0 6€T ovgL  Teel
9908 9/l¢e 8t €ze oyl Q6L
1985 69¢Cy o (454 0981 Zsel
Ze6S 8l'eC ¥ 857 €Tt el
95vs pLov €t 344 8.5  S€9L
8Les LT 18 9eT 9egl  0igl
STes  oevy 9 44 Lvol 8ISt
LSS alig 0 €TT 1661 88l
Sd OM Wdd  NNZd IN EN €D b

0 [4%:: 1 44 0 [¢] 0 81’21 ZEOE €00 000 Z00 000 89601 €10 000 000 0o
0 L1881 €€ St 23 e 6vy'9elL  ve6r L00 000 800 000 Tss0L OrO 900 L00 SLo
{eleu
33 189 85TL 0Z8 8T €l €L1'g6 600 L00 090 ¥l 660 89€C  0L9Y wrSL 8O 6£0
L €68  vSZL 809 6C € 86 O0to o0 S0 elY 680  9TYZ Tyey  80GL  Ti momo
jpulds
142 Lig \z g€ € 9961  0v'86 W00 €00 e5T  LEPL  EvO pY Ol €L0 80 [4 3] €6'CS
gt 80§ €T S€ € /6L 9T66 YO0 YO0 €8T LW 80 vPOl 080 180 010 £9°€G
[44 IR 4 133 3 8461 .86 900 LO0 €8T 8i¥Z 680 999F L8O Lo 00 8y'es
eyvoabid
ot zi9 S} € 0 866 €866 €00 €00 L0 Teee  vp0 €8T BED 600 000 67°LE
133 09 ot € 13 686 6866 000 €00 G0 ¥SPE 050 8660 Lvo 800 00 L6'9€
o 988 8 4 0 €00t 8Z66 800 00 LE0  9evE 9¥ 0 LI9C  6E0 800 000 vyLE
6 089 e 4 3 0004 €966 pOC €00 620 LOPE  OFO0  LOUT 480 800 €00 €E'LE
o L09 2 Z 13 866 ££66  S00 W0 S0 vive  wwo WAL L0 900 €00 LTLe
ot €08 8 [4 o 166 4686 L0 000 TEO  LLVE  vPO WLST Lo 900 000 69°6¢
ot 185 8 3 o £66 yL'00L [0 €00 SO 0TSE w0 Ti9C  vvO Yoo 000 Se'LE
o vis & 3 0 G00L 18966 800 000 LE0 ¥E¥E SG¥O  BLST €20 00 wo BLLE
o4 685 8 3 0 0001 GU'66 600 100 ZE0 ipPE vPO  BZGT LED [4] 000 (A
[+1 €09 8 3 0 $68 Or'66 €10 €00 €0  v¥IVE 9Y0  TRGL 880 200 000 L0'LE
auno
Pig 6881 oY GIEC 66 0CgL 1T'86 800 VB0 €66 CTIL'9 vea LISl 6€°0 6LEL 880 LULG
§5 Gi8L 6% 622 68 6i9L i/86 €10 T80 000L 0O€9 P00 LGk 050 LtLelt 080 6E'LS
65 €50C  OF 8¢2 1ot 185, OOV ZT0  vO'F BL0L LS 8¥'0  8.8FL SE0 80€L  Z60 691G
€9 yior &y COEZ  S0L 8¥SL 0648 L0 080 LEOL 886 6Y'0 8661 344 96ZL €60 0108
85 Loz ee L92T €6 LT6L 5166 000 18O QLOF /6S o0 €891 870 oA €80 ros
iy 180T €8 ez 68 8e5.  vi86 000 Z80 [0V LO09 20 89l 0L0 &2 8L0 01°0S
85 6.07  v9 Zyze 86 §/6L €066 SL0 LLO 9TOL 08§ 9y'0  896L  ¥50 SLTL 80 LL0S
i v86L 8¢ 9cTT Yol ¥OL v986 000 vi0 OvOL 609 9€'0 €66l L0 89°CIH €60 6L'LS
S5 802 €€ ez 08 065, T9®8 €00 680 TLOL Ll9 €r0  [99L  8T0 €5Z4 080 0L0%
vy gLz vy L. 66 86yL 1TUB WO 280 L6 €L pe’0 6861 LEO erZL 180 vyey
514 L0 8T s U6 c¢es.  80U6 S0 080 SOOGL LY. zZo 886k 220 6124 580 656v
i4 oLz vy SLiC €6 viSL £€/B SO0 8.0 TI0L €9 G0 886l [E0 6zl 780 y006
62 veor sy eviz 66 096L ovee 000 LLO 966 STL Ve0 S99l 8E0 SLCL 880 «m.om
ssej
U 84 0 v U WIOL OIN OZYN OVO ODW  ONW 034  E0Z¥D €0zl ZOlL ZQls
LOW Buneay 0'L-MI 2.08L1



124

gszL ¥ 24 o 0 z08CT L g1 i 6C 68LZ4 969 00 oLo 000 000 Z8'0CE Y00 Q00 100 €10
80eL 22 ot [+39 ye LesZZ 8T S 0 124 oe6ZL  eel S00 $0°0 €00 8L'0  681ZL  SL0 200 000 o
jeew
080y ZG'ie 0 3 az 665 €t Yy 666 68z ig S9 086 000 Z00 80 96'Ct LS50 82’91 [ 4414 16°0Z e 60¢C
ge'6E  6E0C 14 o} 14 619 i oLy SLit €22 4] St gy 86 81’0 000 o 8zEl LS00  0L'SE oL'sy £9'61 6v'e iy'o
yeie Zggl 0 o L 1£9 74 16¢ 8801 06/ €L 9 [A ] 000 000 0z'0 74 080 680G ogey €942 e YAy
06vy  Lyol 0 L 4 zes 74 A4 8L 8yZ 89 € st'ie 000 00 L0 ¥POL 960 96'Gt 6208 ¥i9 S92 momo
ouds
LLvL 898 LLSL 0E8 0 L $9l FAZ AT 44 8.T 24 13 4 Gl0Z  yS00L 000 200 Zev S¥IZ  BYL  ¥V6 (741 00 800 66'95
<SrL 906 886k S0 ] 3 743 eprt Sb (784 154 € 3 P10 6€00L 000 100 LSV veLT S A ] SL0 800 S00 88'95
08yl BL8  LOGL 129 0 3 991 shL Sp LLT %4 14 4 600Z 89001 000 200 OFy 9SLZ 6Vl LE6 vL'0 1] 200 —m%w

ayucebi
GGl 8% i 3 z 089t Lt 29T ot 4 L 6104 ZL00L $00 €00 80 08'vy 080 8L €50 900 800 80'LY
£8CL 9T i 0 L €L 2t jeierd L v 0 686 peL0L Y00 000 120 9z'Ly 850 6vZL 180 SL0 200 ar oy
LLEL 8614 14 0 St yegl CL €92 LE 874 € S00L  vig6 6L0 100 950 erey 950  s¥lt 98’0 890 410 €9'6¢
S6'El  15eT 0 o ) 21 T 0LZ Z t43 Z 666 1266 000 00¢ Ze0 8Lpy ¥50 98C1L cb't ro (4] 61'6¢
ot¥i 88€Er 3 0 8 gest Lt (424 144 124 € 96 6L00L SO0 000 ve0 60%F SO 90€L S2T 180 8’0 ly'6e

yoeL ivLe Z i 8 881 Ot jicha 3l 8 4 166 or 66 0t'0 €00 8z'0 8O'GY aro LLTY 98°0 8z'0 €10

1998 ggol pi Ly 0Tse 9ee i z0e 14 G616 L 806¢  [T'86 Zi'0 €90 89'9L 091 [s1Re) |78 vo0 9z'ie 00 aL'ay
ZizZe 6681 0 98 €6z 008 1% 162 £8 vrzZs €2 iyze  TYOO0L 000 2RO 969L 687 €0 08T §L°0 GG'LE ZZo Z8'vy
80T L2 8 [:73 8ySZ €69 €l 184 g yezs S €829 18996 00 620 688l 0f¢€ Lo 654 SO0 P8'LE SO0 Nwém

s8]
EE] oM W4 NW3d IN eN e BN UN CE] 0 Y 1y 1S WIOL  OIN OIVN OVD OOW ONW  03d ¢02¥0 €02 Ol 2018

ot Bunesy G L-MI 0,081



125

vz [ v 0 0 yovic v € 98 0 €reel  Ziek v00 900 000 000 Zi6LL SZO 100 €50 000

jmeu

eL0y ST 4 13 € €ig 13 k144 G801 8vL 8 113 VEL6 800 Z00 600 10l Lo Lo8i orey LO0OZ €9¢E nnao

jeurds

SLeEL TLLL 4 0 o 2501 ol 18T b Ot z L00L 0066 LL'0 000 980 Tivk €L0 89Ti rso veo (4% coor

rel 0wt € i 24 vegl vl SST 8 Se € 666 9568 G0 €00 680 sEey [80 ZZel o 8l L0 66 6¢€

el €16t € [+ %4 74 A 5114 [+13 St S 066 Z688  vi0 W00 LL0 8evr 080 ezl 6¥'0 50 s20 Ge'6e

89€l LOTT z 0 8 004 Th (Y24 43 <14 3 686 i£86 TI0 000 €0 98wy IS0 vLTL 080 €0 L00 9.'8¢

BUAO

€686C €56l ] vZi vieT  lSY €t Loz S 89.S 81 ¥r8s 76001 L00 Bv0  e8ll 1ZT Lo el s00 ezse Lo ¥eTY

ozie seel 9t 0t 8psZ 855 vi 09z oz v L1 8,00 S¥O00L ¥LO0 @v0 L0LL €97 Zi0 €T 8i0 LLee 810 ogey

Z00 irsT 0 004 66YL /96 -] 6vZ 143 vess 0T 1265 65004 000 [€O ¥LBL SL'p 800 viZ €10 0lte  8L0 05Ty

oT'oL G9LL 0 el 0isT 9504 @i 80z g Si06 oz 879 8166 000 60 POOL €0G S0 L s00 woe  sTo mw.vm
ssej

Sd OM Wdd  NANZd N N L) BA ] LE] 0 v [I [ Wiol ON OZYN~ OVD OSW ONW O34 tocHD €ocw 2oL 2oIs
LYW Buneay S L-MI 0,081



126

[A*T AR T AY 0 )] 4 8LLZL 8 G ] Fad L9°geL 86'v8 €00 000 000 W0 LTV s00 00 £0°0 [£A]

|68LL O o 0 s 080Z1 &b o € 8 tpGel 0689 000 000 000 €00 £2'99 800 000 200 $0°0

¥oict O 4] 0 6 86LL1L St 0 € 0 168t ¥5°0L 000 000 000 500 [3: %] 800 000 z00 000

feew

0e88 098 4 4] S Zve 6 962 181y ELL yx4 L 1816 00 000 Yo 989 €0 202 fAN 44 8084 90t 20

vL0L sT8l 13 3 14 oie [+]3 viL o7t ANEE >* 1 4 <14 4 08'86 yo'0 100 110 80’9 ve0 669 (2o a] SPit 80'L o

szzL seeL L t v 062 LL 8L 6ESL veE  SZ € 6096 €00 LOD O0L0 S§'S 90  LL9¢  8yss g8 S60 600

S6€. BL98 € 0 v €z 6 00B  LISL i€ [z T goes 600 000 L0 12§ 160 SZLZ  199S 08 €04 800

6669 e0€L g 0 S Zie ot F4:738 89¢ct  ZES Lz 8 £V 66 20 000 £L0 7] 9e0 £992 8Z°LS fe'El S0'L \.«mo

euids

6L0E 6% glte 16'¢es 4 14 66 1743 i 85 pi il z 600 €9°00L 800 S00 eve 12 X4 GE0 (3511 050 azo 200 S6VS
I66Z BLV 8Z1IE S8GY O z Z8 624 € 88 6L & T 0861 1§66 000 €00 (07 OLEZ OvO  868L SO0  0L0 900  IPES
eer s €608 8T0% 14 4 €04 £gZL  OF 6.5 oz zZ 4 g/61  ¥E00L ¥i0 €00 €97 z5'el e0 68l 690 50 600 86€S
889 9Lv wi0E Eier L z Ze8 el ZL WS 1T 6 ¢ 0/6L ZROOL YO0 €00 OVZ 80%C Ov0 698l €40 890  ZLO  S6ES
zZ6C S¥S 060S vLZS 2 z olL  B0EL 4L 065 £ 6 0 M6L Y96 800 €00 LT b9EC 950 LO6L WO 120 000  OLgS
SHUOBOH

zose LEVL 9 0 6 55zl 6 669 L 0 0 SO0L  SE00L BZO 000 L0 SOME  LyO 980 YEO 100 100 80UE

vesE 66 ¢ L oL evZL 6 €L L 1 0 100l €966 600 00 EE0 Z90E OvO 9L0E €60 €00 LOO 690§

€566 €110 G ! 6 vSZL oL 69 6 ¢ 0 S00L  L200L 220 100 LE0 LI SP0 /808 OO0 v0O 000  ¥ZUS

vPSE B0L9 € 0 oL ezl 0L 69§ ! 0 pLOL  2€00L €40 000 ¥EO 6608 G¥0 8508 ZZO  vOO 200 SSUS

8.6 P6lL € |2 8 GeZl 6 £69 8 3 13 gL0L G900 GLO 100 820 LLOE 6E0 6L0E 60 200 s00 oBLe

9.8 veZL € 0 ILoBozk ob veL OF 8 o €00L  GEL0L L0 000 6ED  000E  pYO0  LGZE  Sb0  SZ0 000  OLUE

£9°GE B|99L € 0 8 €9t 6 $0L 1348 4 0 €66 85001 Si0 000 620 az'ie oo L0°1E €90 €0 000 G99¢

y8GE  LB'89 14 0 ot [S174 N 111 B0L L € 0 1001 €8°001 810 000 Yo LTVE SP0 6eLe y00 |00 000 80°LE

ye'GE 6619 5 0 (4 Z8ZL Ot ZoL L € 0 166 5004 ZZo 000 8e0 LTLe aro 86'0¢ ¥eo 800 000 yR'9¢

Z6SE  Lieg 3] 0 6 L 8 yoL L 4 [y} 8004 {900t 000 000 Ze0 660¢ LE0 FA N S0 800 000 sele

GL'ge  Li'es 4] 0 8 gell 8 G0L L 4 0 €001 65004 100 000 Ze0 e 0 PR ye0 80’0 000 14

Ziee G968 € 0 8 [3 24 S 111 274 q 3 Q 004 ve'ss G10 000 [35R¢] ysoe o yo'ie B0 $0'0 000 £6'6E

yeseE  0SvL 4] 0 Ot 624 6 yoL L [ 0 268 €0'00L 000 000 Ge0 Z6'ie tvo ¥6'0€ ¥e0 200 000 Sp'oe

1868 8078 ¢ o 6 ozl 6 WL L L 0 0l0L G566 010 000 €0 POOE /€0 906 20 200 000  €0'Z€

9T /e GL KL € 0 ] €sZi Ot 6L A 0 0 166 8L00t GLO 000 Ze0 Z0'ie 0 Lie ye0 000 000 08'6¢e

BLAIO

eeg ZLHL 0 153 £vyGL 8091 OF [34: 78 2] LLLy T8 006L 8666 000 or'o JAR:] 802 Le0 €ETT Sy'0 166 Lo ey

65v9 €675 O  SvL  ¥eSL 9%l €5  TLZ TW  Zewl S8 OCS. §S66  OLO 60  SLB S0 b0 €442 S0 6L0L  ¥LO  Ogeh

2418 €998 8 Svi L0SL [e9L oY SV Ty eLLE 08 BYSL 6E66 00 690 126 f4 AV 9€0 yeLz SED 696 0L0 9.6y

GL08 689 o] Gl azst 1891 Ly et AN 4 4 80LL 8L £C9L  6v66 Q00 60 or'e vl ZE0 €0'Le L0 a5'6 890 0e0s

6879 9605  vL  SZL /651 VSSL €5  STZ L 651 6L  €6GL 6296 L0 Zv0 896 L0 Lv0  9LMZ 600 696 830  LEGY

YElO OLle  iZ  00L  obSL e Sy 0oL 6V LA L WSL ©SB6 L0 VEO 6 GVL SE0 99U vO 956 190 0oy

ssey

§ITOM T WA NWad N BN €3 BR T UN e B WL S WIOL O OYN  OVD  ODN  ONW 034 —€0%d5 €0CTV 2O OB
9ZIN Buneay S0-MI 2.0021



127

zoBEL O 0 Si L LS00t 9l ol € 6t 6’0yl 1978 000 000 SO0 y00 /84S OO vo'o 00 610

[ZX2T} 0 9 4 pLLOL OL S 0 zi 80°LPL  L£T8 000 000 200 00 #5'8S 900 200 000 900

e

L50L 1169 v t 4 pee [43 Le8 seelL  yvy 8l <13 69'86 yL0 100 1l0 8p9 W0 08T 8605 880} 0.0 8z'0

S86L 88 € 0 14 SLT 133 168 SEvi  vOv £ ot 66’66 600 000 LLO  Z€¢ 90 €60E LETG 086 €90 wmmc

[auids

6L¥vl [S¥v BEST 6i9E 0 4 68 sselL €t osy 0z o€ € ve6L 0966 000 £00 [TT §BYZ  ey0  8L61 0.0 680 010 Ly'vs
{09 86¢  GLLT [gEE l 13 L g9eelL St €0s 9l §¢ [4 €661  1600L SO0 100 e6F  /[evZ  6PO  1L8L 850 €80 800 eSS
0esZ IZ6e  €e9r vlge 12 4 LL LEL  vL sey al o€ € Zg6L  0ZL0L YO0 €00 861 08ST  SY0 LSl €90 L0 oL'o L1'SS
€9¥Z OV  19SC Gl6E 3 4 6L Zgel €l [4:14 ol Lz 4 1661 ZY'i0b S00 €00 90T ZBSZ YO Li9l 9§50 150 L00 1858
806Z YOy pLOZ Bl9E 3 4 6. LiEL €L [4:1 2013 8t Zz 1661 BLI0L SO0  BO0 90T £L6C w0 B8E9L PGSO €ro w0 mv%w
ajiuoaby

LL08 5959 14 t 8 SveEL 8 we 8 g 0 001 9600 LIO 100 620 Li¥E WO 9TLC  8ED o 000 oL'ge

cyoe ¥0O0S < 0 ot A 4] 865 9 £ 0 €00t GO00L LL0 000  S80  [ive  eS0 e8er 620 600 oo £§E

LS08  yves z 3 6 egel i €09 9 4 o] 666 £6°10L 600 100 ZEO0  6L¥E  8¥ 0 vr T L0 800 00 66'LE

LL0E ev08 4 0 oL 6sel O 16 @ z 0 00L  6ZL0L 0L0 000 SE0  ZLYE ypO  €6OL  6C0 800 o eese

e £518 € 3 ot gL O Lo 8 € 3 8001 oZoob €0 100 vEOQ  v9EE  vPO  Ivil  LE0 800 £00 vLlLE

LE0E 0665 € 0 8 Zoel ot 665 8 z 3 0oL 89101 GL0 000 Ze0 SBYE SY0 0Ll A%¢] 900 £00 L8

6y 0c  LoVS 4 0 [ 8set bt o008 L [4 0 €001 200k L0 000 €0 Tyve 60 ELLZ PED 900 200 69/

S60c  §L08 4 o ] eser It e L 4 4] 666 8566 Lb'o 000 620 BL€E €50 vTLZ  TED 900 200 e

iroe 5088 € 0 ] vsel b e85 9 14 0 004 gli0b S0 000 ZE0 OLvE BYO STUT LE0 800 00 68t

£L0E 8678 L 0 g ssek Ot 908 8 11 0 €00L  L0'IOL 800 000 820 byYE  EPO EVLZ 8E0 voC 200 66'.E

BUIAO

0€£8s 6L¢¥ 4 9Lz 9651 wpSL 1S OeZT oY vi6L U6 Ze9. L1886 ZOO  vLO 166 689 ovo vllL 9ED yiiL 180 8L08

L08S veTy 4 324 9861 I6GL  T§ 81z 8¢ av6L 16 199, 8966 €00 €.0 G666 669 Wwo €8t ze0 3843 80 6Y'LS

90’65 899Y S $0T  G9GL 8EGL 6V 682 9¢ €e6lL 76 459,  €100L 0O LLO  v86 G69 6€0 vvel €0 S04 790 8515

STLS 8ST¥ 9 ez [e9t 88SE S 60zz Ty 0661 96 bGL €ll6 S00 8.0 866 00U oo STl S0 €0t €870 avey

sseif

EE OM Wdd  NN3d N eN €D B U EE] e} v 18 s ViOoL OIN OZYN  OVO  O9SN ONW 034 €0OdD eOZW Zoil zols
a4 butjooo S0-MI 0,002}



128

oizz 12 i gl
gs6L ¥ 0 g
e o yi ezl
6voz 0 o 86¥
ae0z o L 9
8661 O 0 ot
yeiZ 0 €T 968
6z0z 0 L ez
Lsve  LL6E 3 3 g S.9
€ele  £a'8e 3 0 S 169
§59¢€ ¥Ive 3 0 ) 999
s6Ze  zoee i z [+13 1373
69've  vO6T 3 0 o 129
8BEL v0S T8VL 9L0C 0 0 96 Sest
iyl Ovy LlPL eggl 4 0 €8 Qzst
STrL LS ZOSL Lvol € o oot jeteiels
69¥L €SP BEGL VI 0 o 98 8161
L8elL s6¢ eIyl ZS8THE 4 o 8L 0451
Ll 8yy Lyl S86E 3 0 o8 1 22°1%
i8vL @8y 8ESL LT Z 0 6 G461
gevl Z0¢  ZLSE 2091 4 0 66 L8t
STyi B6E'S  90GL L2 4] 0 SOt €651
GLGL 8% 609L STOT 0 o el TS5t
StvE pS0E 4 0 L S69L
€CrL  1LST 3 0 8 0891
L0vL eviZ G ¢ L G894
6Lyl 1622 4 0 9 ze9t
(54 4 T 28 4 0 0 L 8881
eLvE 62T 0 0 L 1694
0EvE syig ¢] 0 L L899t
08yt 90VT ¢ 0 L G994
6C8E SPvT ra [4%% 6191 GGGt
ozee 699t L gt L19L  Zevi
LYoy skel S el €0LL  Gevl
gL8e €€ € 0t Ly8L LISt
S4 OM Wdd NW34 N BN B By

1] 968iz Lt 4] ] 14 POOEL  1GZL SO0 €00 SO0 000  €9Lit OO 000 S00 00
¢} yo6iT 12 34 [ 124 61EL LLEL W00 000 200 000  6e0TL ZI0 800 L00 Lo
124 6601 2 €€ 0 S0T €8Zel  1Zel 000 800 OvO €L0 e84 100 eLo 000 960
z 6ZLZ o€ [s13 o} el ieeet  yOZL 000 000 884 W00 prELL 810 Y00 000 290
0 ZL81T O€ 413 0 g eLBEL  S0CL 000 €00 200 G0'C  LEVEL 810 0’0 000 ¥0'0
[ €561Z St S 0 ¥ L8TEL LPEL 000 000 €00 000  vZIZL 800 00 000 200
v eze0z O 0 0 (474 LPEEL  18TL 000 010 Z&T 800 8Tl 000 00¢ 000 [V %
Z 41812 1€ o] 0 £ ZZoet  vyLL 000 €00 100 o Zeglt elo 000 oo »P,o
telow
Ot 19¢ so8 8801 91 g G6'66 500 W00 80 8%l 60  ELPL 8.6 s96Z 880 9z'0
[} 18¢€ 106 €04 Gt 1% 9zZ00t 600 000 410 ESEL 80 65'%L gi6e  80'lE 890 090
[ 06e 8z0L 088 Lt ¥ S486 S0C 000 BL0 8%t pro oTsL 95Ty  ebvZ  SL0 FA 4]
L Gse Zig 2004 ¥t LL 6£'86 Y00 €00 Le0  Ligt DAV 18 4% 0BYe L1689 $80 34
43 9ee 96L tozy st € 0L'L6 $00 000 LOO  €Ovi 9p0  esel Z8'ee GEve  S80 rMc
jeuds
el 3t TA ye SL S 666L 9500 00C 000 95¢ 8BE6Z €¥0 v0S vZ'i 5: 0 8o 76'6S
FAS 99z ce 69 9 vi6L  pOLOL 900 000 ¥ZT evy8Z 950 OT6 oL 89t (44 a0'L8
Ly 8.2 Le jeie] 8 €p6L  8ZH0L  LL0 000 89T 996 IS0 168 [ 19t 0eo Z9'65
€t 8.2 82 £9 8 6.6 LVO0FL OO0 Q00 82T 1662 e¥Y0 L¥6 66°0 51 24 6295
24 474 [44 €S S G961 /8104 900 000 90T er0e ZL0  EL6 L4E [£50) 810 ¥8'95
L | ¥24 74 €S G L8y OT00L P00 000 82T  BYBZ LSO (Z6 60 L& 810 L2398
€t 682 6z 0s L gb6L  6ZH0L 800 000  S¥T  PZOE  vYD 886 SOt (YA 120 GL'6S
at €87 oe 0s o] 7964 L7004 L0 000 T9T 066 850 086 LOL 611 000 0e'ss
€t 8.2 74 g€ 0 6/61 Z8B00L 000 Q00 08T GL6Z ¢v0 8ve 260 160 000 59§
S 6T €z 4 0 LB66L 69004 000 000 10E €6 6¥0  SOOL €80 S50 000 £9'95
eyuoabid
6 [8:74 48 8 1] $66 OF'L0L L0 L0 820  609F  ¥YO  19EL §6°0 €00 o0 ez'oy
4% 1Lz oL ¢ 2 TLOL  ZLO0L $00C 100 620 TUYY S0 ieet 050 00 00 99°0p
€L 8.7 Lt 4 t 966 62°L0L €20 000 G20 sLSsP T80 eveEl 950 900 €00 sl 4
[4% 08e yi € o] 966 05001 600 000 ¥2O0 cCESP 8SO S¥el 690 Lo 000 100y
Zi €82 k43 4 0 POOL  9El0L 000 000  LZ0  leSP 850 LLEl 90 800 000 L0y
€t 1414 [43 4 o] 186 66'L6 000 000 SZTO wZ¥r 650 elet 190 800 000 6% '8¢
€t £8T rAS 4 o] 966 ¥EL0L 000 000  LZ0 99Sy €90 e9¢€i 090 900 000 ey oy
Zt 182 Zi 3 0 G00L  Ze€i0F 000G 000 SZ0  &sZSy IS0 e9El €90 y00 000 690y
BUAO
oy 066 14 800 2L £6T8  ¥E66 800 W0 SL01 Z¥L ye0  re £ro ZLzL 290 1185
95 156 12°] o Ll 1828 0986 900 €¥0 1901 €L 1y0  voe 8y'o €L L0 0584
ey S00L 8y 600 €8 Y28 €968 y00 80 1e'LL SR9 9e0 6@ €ro etz 6.0 088
ey €96 g5 poT LL 8€Z8 2986 €00  [E0 880} 6L/ €0 vi'g 050 yZzlL L0 emvwm
sse|
U EE] ) v 1S WWi0L OIN QIYN  OVD  OSW ONW 034 €02¥0 €O\ 20 208
LZN Buneay G 1-MI 0.0021



9

80eZ IBY STYZ ZI'SL 3 Z 96 tgel 8t 144 oz %4 4 ¢/6L  TSL0L ¥OO0 €00 08T /6ST 650 LOGI 160 4+ S0 0£'66

¥6LC PYy  GBTZ  LE6C 3 ¢ 18 Lert St %4 $Z 8¢ 4 9961 €666 Yoo 00 SsTT  eseT 8v0 STyl S8°0 160 SL0 £V vSs

8Z0C vS5vy  STIT eV 0 8 a8 1325 19 S98 34 Se ) SO0 eel0L 000 D0 827 €89 €50 S0El LL0 880 L0 8895

60vZ 6Z¢ LLST 99'6C 0 4 £8 vieL 9t A4 €z o€ € 9861 6210k 100 €00 LVT  SLST 2§50 Z9Gh 280 ZL0 €L mv%w
ejuoab

6002 9ov6C 0 1] 8 955t €l G6¢ ol € t Z00L 200 LOO 000 LE0  veOb  Z9O0 0581 150 60°0 SO0 vZ'ee

90z  ve6z 3 0 8 LSt i 6¢€ [¢]8 € 8 0l0L  SL00L €00 000 920 ZL0F €90 7.8t b0 800 €00 LL6E

€902 0O1'8C 3 0 L arsk vl 90¥ oL z b CO0L  8L00L SO0 000 LZ0  LLO¥ /80 106t 8v'o 800 €00 9e'68

ezT'iz 8l0e o] 0 g oSk vi Liy 6 4 L 00 CL'IOL 100 000 620 BEOY €90 €96l 144" 800 €00 568

(2R SN I R 13 o] 0 8 8561 €t €y [+13 4 Y 696 €900+ 000 00 820 le0v 90 S8t Fadi] 80°0 00 65'8E

SUIAO

oT'Ww sree 9 [5+1% S581  Tyel 08 €eel Ly yivz 90l 795L seee S00 PS50 0L0F 958 60 YOLL 34Y 6ivi 860 6£TS

L6ty sl0T 4} iri yLiL Ty8L 89 9leL 8y Ly L0t 606. ¥E66 O0L'0 0S50 €Odb 26 ve'o  SELL Z¥o 3545 860 646

ey vLZ € 65t 0Z8L  /¥8L SO eorL oy 688 66 y85. L6668 €00 /S0  ZS0L Z98 €50 L84 LE°0 86'EL 260 9L'Zs

vely o0eZe 9 84 809L  SLZL 9% 8yzL 8y 65T 801 SCLL 81’66 SO0 /90 vYOL 0@ gv'0 604 ro 6l ool 08'es

9E'GY SGST [ =1 €e9l  [6LF 08 [A%° 1 1 4 06CT  Loi beS.L  L£66 000  ¥S50 8Ol 6Z8 6y'0  897¢CL 620 geel 760 TeTs

aL'sy LSy S oL 6681 0S8l v§ L4850 2§ 6z ot €26, 6666 ¥00 850 €90l 2§% 80 v8TL PO yeel €60 Po'LS

sseif

EE] OM Wdd N34 N BN D B YN L2 0 v IX IVLIOL OIN OZYN  OVD  OOW ONW 04 €0Z¥0 €021V  COlL Z0is

6EN Gutjooo S L-MI 0,002}



130

S66C 69y s 0 g 69€l €L 16 T z 0 966 010l 2ZZ0 000 OZ0 69YE €S0 ¥EEZ 950 €00  Z00  €6LE
LE0E €508 S 0 9 ooEl Lt 96 €l z 0 000L 9Z40L ¥ZO 000 LZ0 2Z9¥E 6Y0 90LT 190 900  Z00  SBUE
ZTOE 0£0S s L 9 LIEL 2t 665  Zh L 0 €66  £L00L $Z0 L00 ZZO L9PE €S0 00LZ 8S0  pO0 200  TYUIE
IE6T €5'8Y S ! ] ggeL  Th e85 b b 0 6001 S800L ZZO LOO ZT0 S8YE €50 S09Z €S0  v00 200 88E
0zl 0575 0 0 9 eeL  zL [4%: I L 0 £00L  9900L 100 000 120 L6EE S0 S9LZ  YSO  v00 200 8LLE
orie T09S 0 0 9 prel Ll 0z9  zb L 0 000L Z€00L 000 000 120 6L€€ 6Y0 09.T 950  ¥00 000  8YVLE
60LE 291§ z 0 9 6sel 2zt 8Lle  Li L 0 Z66  Iy00L 800 000 2ZO OLYE €50 LLLZ €S0 ¥00 000  OZLE
SL0E 08'SS ! L 9 6vEL L vog il L 0 900l /ZT0L SO0 100 1Z0 OL¥YE Y0 89LZ LSO $O0 000  LS8E
(967 981G S 0 9 191 L4 g8 Lk L 0 1001 0666 ¥Z0 000 OZ0 LEYE 050 9Z9T €50  vOO 000  IRLE
OL'IE 08T i o 9 WEL Tl €19 4L i 0 L00L  SYLOL 900 000 OZ0 [Z¥E 2SO 8LZ  $S0  ¥00 200 66L€
Z60E €86 L 0 9 6cel Tt s09 Tt i 0 9001 8Y00L SO0 000 4Z0 YEEE S0  §TLZ 9§50  v00 000  66LE
ZLOE Ll ! 0 L 1981 T v6s € L L 866 /800 900 000 Y20 69PE ¥SO 689 ¥90 P00 €00  wLUE

aualjo
LSES  LESY S 9€ 588 LEST  vL evee L8 21T AN ovEL  BLIOL YOO ZLO PSS ¥PTL LSO BL9T ZLO whL y0 608Y
9665 €Siy oL 3 910l §/5T 08 1Zee  €0L  BYZL €9 pip. E€OLOL 800 L0 0Z9@ 6ZLL 90 S6ST  $80  Z69 S50 evey
LSS L6 L 6% SZOL  €£9T  vL €28 26 vezL 19 £0v. LOLOL 900 €40 TG ¥SLL IS0 96'ST 9.0  ¥89 €SO0  LE8P
€8T L0V S ve SS0L 0§ 6L 69LE 16 LzL 7 6/€L 9€.6 YO0 L0 €Z9 /9Ll 650 L6ET €0  I89 IS0 899y
YZES SEREC g ve $EOL  LZLZ €8 vele 06  29ZL 29 g6€L LL/6 SO0 LLO 60 TS TO0 OLYZ  TLO 8.9 250 89y
LSS5 661y 9 35 1501 809z 08 656 ZOL  ¥EZL 19 g/, TVOOL SO0 LD LE'9  6THL  LO0  ¥ESZ €80 9.9 IS0 v9Lp
0LT8 LIE 14 ve LE0L  OLLT €8 L 66 zezL 9 WYL S9.6 €00 LD 919 /GLL  TOO 89EZ 08D 99 SS0  lelv
1865 SO0F 9 2Z vEOL G 6L g6lc 96  6¥ZL 9 €Op. BL.B SO0 600 €S USHL 650  BIVC  LLO  €L9  SS0 oL
08¥S 06'LE i €€ 6601 PYOT /8 LLEE  10L Z1TL 99 98EL 6¥00L OO LLO  0S9  TSLL /90 TLST €80 L9 150 S0P
0515 Syiv i £ 196 T ¥L 0808 16 YA vev. vEe6  L00  LLO €8S ZETL IS0 €6€Z  SL0 699  0SO  £98p
8265 S80F 4 Z pyOL  [8SZ 18 867¢ 76 FAYARNN: oyy. 8pO0L 0L'C 600 PE9  BZ4L 290 S9GZ QL0 699  0SO vq,mm

ssej

§4 OM W33 NW3d N EN o) BN UN EE] e} L2 3 TWIOL OIN OZYN OvD ODN  ONN 0dd  £0cHD  EOCWW el (4ol

eviN Bunesy §'0-MI 0.00€}



SEZL SPL vLTL gt ] 0 14 1581
8971 [91 68ZL IZTVL 3 0 oe L¥9L
lest 2 Le'el 6072 i 0 s [22:13
L9%L SEL [8YL v ¢] L Lz Ze9t
€6 vrL ZLEL Zesl 3 o 4 44991
ggvl PP OLSL esel € 0 74 46218
gevt 0gt GSvL 198l 13 o 9Z 099t
ovL 6eil 3 0 9 L4
og'el vl 3 O €l 991
yEPL €6¢€C 3 4] G 9891
86l ZTTL 3 0 G 0684
80'vL 180T 3 ] 9 8491
sele psol z 8 GLEL  080E
ELEE €9/ i Vi olel  ¥T0e
108 vest [ 138 SZEL  [ElE
Loze 0l'gd 9 vi SOrL  G2oe
EE OM Wdd  NW3d IN EN BD BN

9L 1474 ¥z €T 4 6861  SP00L 000 000 920 I6iE 950 Ove 690 180 800 €T'LS
Ly ore [#4 [44 4 661 Lv'66 SO0 000 180 SYlE 8BS0 8EQ 620 €50 800 v1'95
et ooe ¥4 %4 4 S86L  OPLOL SO0 000 L90  vElE  GPD vEOL LLO 150 800 61°LS
143 182 24 X4 Z G861  ZL00L 000 00 [V B A S grQ o886 80 180 800 1695
Si 5274 o 074 4 1661 PL0L P00 000  8L0 STTE €60 9.8 S0 6v'0 00 9LLS
Sl 987 24 13 3 000z G886 0L'0 000 EL0  BZ0E 600 696 8.0 €0 SO0 Le'9s
Sl e80T S 3 661 80°L0L S00 000 690 O00C2E IS0 086 zL0 9c0 S00 68'95
ayuocebid
€t 9Lz et ¥ [y 1001 B8S{0L €00 100 20 89Sy 290 evel 69°0 g0 €00 €LOY
[48 B89C f43 € 0 600L 98004 SO0 000 6¥0 LISy 850 668C1 080 40 00 y80v
[4% [4:74 [ z s} 966 £6'66 €00 000 020 Sisy 88’0 L9€L 80 800 000 GL6€
[4% QLT €l Z 0 166 05004 $O0  0OC 020  8s8Gh 665G 8¢t y90 900 000 800y
et LIT i 1 0 €00k 000L ¥00 000 120 OL'SP €90  8ZElL LS50 $0°0 000 ozoy
aulAlC
68 6/¢1L 68 1281 SL €€9. 1666 00 €00 888 0Pl €L0 €ZZL  8L0 656 69°0 0825
06 G851 96 Sval €L G09L 80'I0L €10 800  TSE  vivE ¥L0 el 980 €L'6 880 10'es
6 povL 66 6yl 62 9calL 9986 000 ¥00 Lv'e 5444 ¥L0  0OS'LE a8'0 25’6 zLo yeze
16 Loyl 189 68t vl 9ye. 666 S00 S00 ZO6 96€l  pLO  L0CTL 9.0 S¥'6 89°0 P@Nw
ssey
UN CE| Ee) 17 [ s WIOL  OIN OZ¥yN OVO ODHN ONW O34 ¢O2¥0 €O IO ¢ols
SYIN Bunesy S LM 0.00€}



32

veze  OL8y F o v cest 6 i 6 14 0 066 €600l v00 100 §L0 8866 €v'0 1THLC vr'o 900 200 15'8€
99CC  ¥80S z 4 S LyGL 6 gsy Ot 3 0 Z86 46004 OLO €0CG  8L0 BLOP PO HLIZ 090 y00 000 o'se
yoTT 686y t o 4 Zyst 6 BeEY ol 3 0 ¥68 pS'66 SO0 000 GL0  8BBE OVO 1TOT o y0'o 000 ve'8e
LT 1§y 4 0 S €951 01 ey 6 b 3 8.6 6r00L LLO 000 8L0 TOOF  S¥0  vLOL  S¥0 voo €00 JA: A
SyTT Loey 0 0 14 €C58 o vy 6 3 4 000L  ZLOL 000 000 viO €Z0¥  B¥0 60T G¥O Yoo 800 6£°6E
YiLTT £L0S 0 0 S 855t 6 gy O 3 0 €86 98’66 000 000 810 €0y OP0  SEOT YO v00 0o e8le
BUIMC

5es 098¢ ¥ € €868  /[v/T  v8 Leze  90b  sviL 8y €Lyl TvOOL €00 100 869  L0TL 690 LpSZ /80 €e'8 [A4Y] L8y
yE8'ES 9v8ee S 9 9801  80LZ S8 LZe S0t yrilk €S cey. 0910t v00  ZO0 899  pELL 980  1L6T 480 8€'9 ov'0 98'8y
9SS 99'8€ L4 € vi6 vsiz S8 vize  S0b oL TS LSyl ZZ00L €00 00 166 10TL $90 GP'ST 980 3] EiaY vy'8y
BOES 6L'6€ L 9 oL €8LC I8 €5Z€ [0t ZiLL ¥§ vyl LL00L 800 ZO0 SE9  €TIL €90 6ESZ 880 61’8 o 858y
GEES  ygse 9 6 90t 0L 8 veze  80L ZELL €S vyl 6500L SO0 €00 8L9  LLTL  S90 ¥vYSZ 680 A ov'o [Ask:i 4
sse|f

EE] oM W4 NINZ3d N EN €0 B U a4 o) v 1 1S IiOL OIN QZYN  OVD  OOW ONW 04 e0CHd g0V Ol [4eli
6YIN buneay $0-MI 0.00%1



133

869 OC o] ST 0 ys69L St S 0 o] yLorE Ly S00 000 800 000 8e86 600 200 000 000

jejeut

16 050 ¥6S 28l € 3 [o]3 se8L Ot 644 et 6 [¢] 6.6 6296 L0 TOO LZ0 e6SE  yeO0 L0V 8y'0 (YAl 00 $8°6S

486 650 096 0L 3 0 [ 8.8t b it 5t el 4 0/61 8996 200 000 620 09SE LED 6LE SS0 ze'0 200 1968

&S yro 0gs 10Tk ) t 6 88t 8 904 St 2% z 9/6L /896 000 LOO ¥Z0 eyee 020 S8E 950 LZ0 800 vo%w
sjucesy

86 TLLL 0 o] € 8L 6 (333 ot 4 3 186 $9'66 000 000 ZVO  IZTS  9¥0  ovs 50 200 00 9L'ov

r's  wril o] o] 14 L8 6 801 oL 3 8 66 0E'66 000 00C ¥L'0 8816 600 €E§ ¥S0 $00 $00 19°0p

S AT Y 4] 3 € €88t 0Ol 604 o1 b 3 666 G001 000 200 210 86'lS  vO  iPS €50 200 €00 LW

s ovil 0 0 € 968t ol 601 ot 0 4 186 6686 000 0O EL0  9LTE B8P0 eSS $s0 100 oLo oy

U0

sopt 06 o S WL pBOY 4L piL 6 gvelL 19 g8l Le£88 000 200 el pESL ¥90 €09 S8°0 80’8 450 €565

€8vL 008 4 S 2513 T2 YA S <] [A 73 1415 yozL s 66LL GL66 00 ZOO  L9L ¥TOZ QL0 Ze9 €0t oL 6%°0 G568

gy'st 6w ol 9 6Ll 822y 96 L6L 604 L824 8% 69/, 0086 600 Z0C 0S. 6L6fL 6.0 089 96'0 08, P50 0z'vs

18€L ¥Z6 0 e €801 66SF 08 vl £0L WZlL S €Ll s888 000 €00 00L 85T L9029 80 ev'L L0 Py e

PLTL €8L 8 € 8501 vegy o8 689 SO LeZL 2§ 90LL LT8G L0000  p6'9  PRLZ EL0  BLS £6'0 pe'L 6y'0 i ve

Zyel 8s8 ¢} € €201  IBSY  ¥8 sZL 16 60Ct 1§ 86.L 8¥66 000 L00 089 Z6LT [VAVIRVA R 180 oe'L /0 [TA]

g0eL 608 L 8 6v0L  6Z9F 88 604 £6 L vS 08LL 5566 900 £00 /169 0OIT vL0 €08 $8°0 WL LS50 LL'SS

ssef

S4d OM [AEERNTEE] N BN ®D BN U EE] 10 v [N [ VIOl OIN OZYN  OVD  OSW ONW 034 eOd¥D €02y COlL 20is
LS Buneay S L-MI 0,007}



134

Tl eCe  6EEC 09€C o 89 eshL 61 osy 94 ze z 986k 0€'L0L 000 641 lELZ €80  80GL 850 L0 100 6065
PSIT viy el T 0 98 sovL 02 (%4 1% LT 4 €661 9€1L0L 000 STT 89T  S90  9SYi €90 Yoo L00 5095
Z€7Z 955 LZET BEst 0 ¥6 60vL 8T 454 6l x4 € 0868y 66’101 000 8T G896l P60 SOVt 180 790 010 9866
929z €Ts 6T/ Z ETOY € 16 ecer T L0s 13 L 3 8002 /896 POC S¥ZT  €k¥Z OFO  0E9L 050 oro €00 9vs
YE'eZ 608 €6LZ SEVY S 1441 oszi 14 13 Z 3 220 /8966 L0089t QZET BEOD  LL9L 150 8Z'0 S00 6¥'6S
ayuostid
ZiTe 80y 0 6 €oel Sl ¥Z9 o3 4 0 PLOL 86001 000 Ze0 88T7€ 890 SL8T 050 800 200 SZge
91’8 09'vy Q L Sivk 2L 24 8 Z [¢] Gi0L  LL86 000 STO0  LLSE 250 6ber  IED 800 200 a1
eLie  ¢Tee 0 [ 6iel gl 0ze S 3 0 €10t €200l 000 1£0  0Zee  0L0 €8z 9o $00 000 e6'le
29T 900y s} L €L €1 815 8 4 0 Z00L  GTL0L 000  LT0 9EUE 650 veEZ LE0 00 000 99'8¢
06712 2%y 3 g €yt €l 955 S i 0 y66 99'66 L00 820 809E 950 LIST €20 oo 000 15°1€
€967 8y 0 8 yeyL 2L s 9 I ¢ 6001 002T0L 000 820 LpLE 850 8T 8z0 $00 00 el 6L
81 GZoy 4] g 60l €1 619 G 3 0 0Z0L S086 000 820 sZTE 880 VL2 orAs] $0°0 fAvi] 8y le
081 LG'LIE 0 [} ZeeL oz 0e9 ] i i 866 LE'00L 000 L0 geee 880  vieZ  8Z0 $00 S00 SCLE
LU EVEY o] L ZorL €t 124’ ] i 0 ZL0L 066 000  SZ0  8ESE 950 9PV 920 00 000 90'8¢
9z2Ze €80V 0 8 g6zt Gl yZ8 9 I 0 vZoL 8900t 000 BZ0 €% 890 T8 8z 0 200 000 1888
LVIZ eLlY 3 8 (513 4 M. 44 yes 9 i [ 8001 8v'66 00 LZD  809e 0S80 LiYT LE'0 zoo 200 Zige
auAe
eS8 SYve (43 54 TS A N ] 1802 6C 60cT 9 89LL LT66 PO 8.6 686 8’0 SL9) sT0 0LZL 850 $9C8
5629 v6oE gti 9zst  e0TL LS f1el YA 8LLT  ¥8 G08L 0CQ0L W0 ¥LE 2SS 9v0 LT 9z'0 oL 95’0 ge'es
6819 6E'iE avi 0/5L 61z 99 €807 ¥ S6iZ  v9 pSLL LE66 S0 166 TGS €50 S89L SE0 08¢CtL 850 obZs
0ET8 vole f44% i N A ] g0iZ e asie €9 4082 ZTL'OOL evy0  8L6  ¥5S 50 6444 620 6y T 80 LE'ES
G665 6LSE get oysL  S8CL 8§ vi6L  LE L4 YA 4] 1€8. /966 B8P0 286 B8S SPo  EL9L 280 6L 8650 LG'EG
y8LS  VO9E 4:13 eirL I8yl 8S ZHz e yolz 9§ 969, LZ66 €50 626 TLY ov0 0Lt 8z'0 Lzt 080 L0zs
L9Ls  v9'Ze SSE esvi  66pL  S9 azie  ee ST S9 y898L  Zye6  vS0  iZ6 089 250 6l 820 ezt 850 mm.vm
sse|
SE) OM W-4 NW3d N €5 5 uN LE] 30 % [N IS VIOl OCYN OvD OOW  ONW Odd ™ €0dD €0CTY  COIL OIS
eeH Bunesy S'0-MI 0.0811

WO-H dB8yjuAs



135

o8'/8 pR9S 0 € £eve £ (3274 [RA1% (501 174 01 6€'96 000 800 8y'9 V24 £€'6T STrS 09'e €60 mma.o

jeuas

8T 8LSG aL'eT Loee G ZiL G6eEL € vy 1z oy £ a6t eP'TOL 100 86 9692 5 ¢ or'vL LLO 960 010 g1'8g
vios e 669 299¢ 0 ig [+ S 4 90s 8z 6¢ Zz 1861  0E00L 000 85'L 1062 S¥0 8961 880 180 00 vo've
L1992 sEe 60°LC I6SY 0 G9 over it 205 8l ie Z y00Z 82101 000 894 (11874 8e0 8.8 860 v 0 200 16°6S
ZLoe 0oY gele 89Ty 0 573 b ok S 4 165 L1 274 i vi6L  PEQOL 000 e a9t 590 241 080 080 SO0 9g9'es
€8'LE PGV yeee  oley Q 88 [Vor AN 41 8i9 iz 224 L €661  6900L 000 vz 622 oo 1oe L0 860 Q00 v 4]

£T8 6Z'S g6 0L6E 0 €0l yiZL vt VA4 t44 574 Z 8664 O 00OL 000 Z9T ov'ez G0 L6LE 9.0 €50 100 om%m
ajuoe _

L0'8T 8l'i% ] 9 vl 0L 05 Fa 4 0 6004 80’10+ 000 [4AY 159 A GO 65'el GeE0 900 000 0o'se

arat vTes L ] ol Ol 125 1 Z o] 966 €200 100 (XA ] 1A o0 FAR 24 aco 800 200 Lige

PG'YE  SEES 4] 8 74 289 L i 4] $00L ZS'00F 000 120 Zg'ie 850 6z'0¢e Ze0 o0 000 GT'LE

|A'PE  LL6G o] 1% [T AN 138 £89 L i 3 €001 9’00+ 000 GSE0 0Le 050 120 [35%0] o0 €00 1A

gL2¢ 8065 0 14 el 41 [24:4¢] L ] ] 8004  S000L 000 Gi'o L7 80 282 PeEQ 00 200 1A

V9T Lige 4] 8 535 2 T 3] 0TS g i 0 166 €404 00 0z0 (=A% o eLve 820 Q0 Z00 89'8¢

QLeC  189Cs 13 L =112 S ] S8y g i 4] Z104 1L00L 100 sT0 L le €90 8T 8z 0 Y00 200 LI'6E

BUIAIO

6EVYS €vyZe gel eivt 7891 ¢¥9 Z80C &Y 0542 19 PESL 08’88 av'o 188 1WA 10 GL8) v o yraan G680 9g'Lg

Z6'es £lLie LT eyt 8044 19 2407 8y FAST YA+ 119, 9886 o 86'¢Q L €60 1.8t iro [SowrA) 850 [ 74 Y]

0vs 960 691 vepl 7891 98 L[S0 8y [ 87 A 186, 9oT'86 850 P08 29t €60 g9t [S A1) yoZ1L 550 o'

6ivS BZLE ivi €L 0LL 49 160 &b 8l 09 189L 0.'86 6¥0 68 a9', €50 6L91 o L0ZL ¥S5'0 az'Lg

sseif

S OM Wdd  NW3d BN €5 BA UN EX] o) v T IS IVIOL OIYN Ovd  O9W  ONW Odd  £ocHD EoCV  COIlL (4o
yeH Buijooo G 0-MI 2,081



136

PLvZ 85¢ 99’67 619¢ 4] 0L gget £l agy 8i i i 9.6l ve'86 000 8LL FAS 14 ev'o 8.6l {90 18°0 €00 GGEG
09¢€Z 86¢ FASR ZANNYA XA € 174 sove 8t 514 [ ¥4 ve € Gi6L 0916 Y00 86’1 1262 050 08'vL QL0 L0 oL0 aL'es
08'ed Sy £E6'VZ gy 4 06 aivi (23 vy Gl ac 3 0/61  Sv66 £00 VT €09 GE0 £9'6L €50 90 G000 86°€S
OvZ 86¢ 0eZ Zgve € 6. 60pL Vi 2744 1348 274 € vi6i 8E'RG 00 661 96T 1424 [% 218 180 o0 [s194] LGes
G6'eT 61y 66°YC  LG1G i 98 gsvi 6 68y 874 214 Z 614518 v.i6 100 j 24 1292 oe'0 1861 680 a0 LOO 1028
0EiZ 0EY azTT Qe 5] 68 916t  0oC ory €T 74 14 az6l 9e'86 EL0 j2Ar4 [A* A €90 5 4% 080 150 [ 4] :,mNm
syuceby
1oL 8L%9 o 8 yepL @ £6% g Z 0 266 Ly'86 000 8e0 58'Ge LE0 128 74 8z 0 900 000 669
€8 698y i 8 i6el il pAN 8 3 0 FLOL 0988 100 820 08've 8y 0 ag'v¥C 8e'0 Y00 00 8l
€ELT 1926 i 4] 8zl O 5:4%1 i i 0 L66 9966 {00 Zzo 09t evo LSyl S0 Y00 Z00 9l'lE
Sy YTL9 i L [ %4 4 T ys I+ 3 0 2004 PEBG 100 G20 59'GE 680 8LvZ 80 ¥0'0 000 2y LE
861 6BLL9 b g ZepL 6 314 L i 0 966 1,66 100 Y] 8C°9¢ oy o 8LV Ge0 Y00 0070 5 WA
08T TL'6S 13 9 oive 0Ol {451 A 3 0 £004 0686 100 0 Zyse o €8T GE0 200 Z00 6G'LE
€08 vROS 0 ] 8Zyi 33 196 g 3 i 2668 1966 000 ZZ0 80'9¢ 640 €26 €20 200 €00 [AA
VLT 1S8E } 8 BYYL L 1% 4% 9 13 } 186 £L'00 100 8z 0 BL'9E £9°0 Love 620 200 §0°0 (3] A
0St2 1828 [0 L vl ot 234 A i 0 666 €166 000 GT0 a96'Ge ¥ 0 ;124 GED Z0'0 000 GG°LE
68LC 0SPS { 8 Livh  OF Z8G ! t 0 666 oy '66 Lo 820 8L'GE sh 0 12° 274 680 Z00 200 €9l
00T 6985 0 L gerl 6 32 8 A 0 G66 766 000  ZAL] Geee o FA>R 74 1E0 00 z00 ayie
SUIMO
96'vs 6L oY LT sl Live  OF 1220 44 SwC s/ Z8GL 98'86 160 66 oLe Ze0 yi:a 4" |EQ {6eL 890 PeLs
LEPS  pO8e 667 a6vi Wyl sy o1 74 N ] ZWwz 0L 058, 8816 Yo'l v's eb'e 9e0 80'vL 80 i8€L £9°0 Z9'LS
GTSS TT9E sZe 2514 VA" 4 N ) €984 v e 0L G66.L vvee et g6 08'9 o yo'GL 8E0 tgel £9°0 8T8
1Zvs 8L Oy 192 varL  ZebL  Sb GC8L Gy G6€C  ¥9 6l9L [9/8 880 0oe's ZLe ae'0 Sg'vL 8EQ yoel S0 Giis
Z06s L0V 8ET 164 veEvE  bb 608L 26 60¥C 09 €9l Z0/6 80 e vr'e §€0 ev'yi o yoel £50 2605
Zevs eLoy 8T GB¥L €ISl oF £e8l e 6er 0L 18GL 0.6 860 GE'6 089 ge0 (240 €0 09°¢l Z9°0 mm‘ow,
SSE|
sS4 OM W4 NNZd eN [36] bW UN EE] 0 [ 1L 18 WLOL OIVN OVD O9SW  ONW [eEE] eOCHD €0V ZOIL Z0Is
09H Buneay 0 L-MI 0.08L1



ObsL LTS ¥6SL vLT b €01 [EGL bt ve6r €z S€ [4 186L 00668 TO0 89T /98B 9Y0 S8E 80 80 800 Ly'ss
8L'SL ¥6S  wviolL sgeel € JATIEN -T2 1 66 e Le Z LBL 1966 YO0 L0E 869 Y50  SO0L  LL0O SLO 00 yeas
voeL ety  €L9L Te6L b [43] 8951 oL 8ie 24 Lz [4 8961 €€U6 TOO 04T S8BZ TS0 vrOL  TLO 80 600 86€S
€8'6L €05 99l 9ese 4 ol 1651 €1 e ¥ €z 4 6l €8L6 €00 19T 66 I¥0  €50L 280 €50 yio [Ag>-1
auosbid

S6vE vLUZ 0 g €041 4L e g 14 0 86 0000t 000 ZZ0 eySy IS0 EEVL  ZYO Y00 00 £0'6e

9e'SL 68T 0 9 S8 Lt 90€ ] 3 0 €66 SO0t 100 £Z0 89V IS0 9l Lyo S00 200 L9'6E

i8'vl  CTee a 9 SiLL bt 0ce 8 3 4 916 LT00L 000 €T0 ¥8SF 0SO  6Z%i ov'o r0o 800 68'8¢

|0

s0'LE  0E'8l 804 LEBL  vOLL O ovoL  ee 6S8C L. 80yL 1666 B€0 ZOTL o8 €50 6.8 620 80'LL L0 LLCS

6.8 cvil ve vellh  88lL T 8v0L  S¥ Ly8C 9L 80P, QEBE 0£0 ITLL iew SL0  89® 6£°0 0L'91 0L0 2508

868 0691 98 8LLL €v8L €9 801 ov 618z v TLEL Y66 Le0 654 v9B 50 068 o Lol 8L0 ¥518

856€ 0942 804 yeLL  oiBL 0§ 9.0t v¥ 686 9L I6ZL €T66  6E0 L0141 6vE Wwo /e 680 ge'Ll 0L0 £8°0§

gt 06l 88 zegl  LigL 6s TL0L 48 880 6. €STL  OTLB  1€0  L94) 6Z8 SY0 6l yyo 8LLL 8OO 0s'6y

sseif

sS4 OM Wdd  NNZd N L] bW N 84 s} v I VIOL  OZYN OVO ODW  ONW 034 e0cHD €Ol TOIL coIs
9vH buneay LMl 0.08}1



138

€vZ9 205 O 5 viE €L €v9  §2El 919  GL 6 8v.6 000 €L0 8L SYO  LBTT 900§ LSSk 090  8TO
6vE9 svoy 0 4 0/ v 899 evPL S8 €L @® S€86 000 L0 LEL 080  ¥SET  ZOVS  €LTE 0S0  wZO
8619 6ELS 0 8 18 2 W9 ISeL 6ss  pL g€ 86/6 000 LZ0 €92  FPO  06TZ  8OLS  LLWL LSO 860
v5e9 6205 O L vee €L 859 ZZvh oy vL o2 €896 000 OZ0 8TL  O¥0 EYEZ  [SES  SSTL LSO LLO
pulas
L6yZ OTE visT 0¥Ze 3 Z9 8ielL Gt €8y gt [#4 3 0002 L9'86 0o 8s'L oese 80 GLGE 50 80 G600 £ VS
Z8¥Z 6T€ LLST 8L08 € v 086t oL 88y 8 0z T 0861 0BO0L P00 9L 06ST 2SC  1Z9L  vY0 LD 100 8TSS
00sT YOy  S09T vile 4 8L gsel Gl €y L |z 3 6661 €1L°00L €00 Wz Zist 8r'0 9686t 080 980 00 frass
86€ Cie €LV Se0C 3 22 eivk €T (944 >4 6e 4 1961  Iv'66 WO L8L 166 8.0  ovst 6L0 180 100 88'€S
8OYZ &Y'y ZTSE Zi'vZ 14 8 soelL 61 Jasid Lt 44 3 8661 Z8'68 S00 ¥z pTeC €90 8EGLH 080 g0 S0°0 :(.%m
|jiuoaby
[N A4 3 g Givi . L €S 8 4 0 0L0L 6766 100 ZZ0  e8GE 050 vO¥Z 0e0 S00 00 41'8¢
69.Z 196€ 0 L Love vl 1441 [ 3 0 9001 €166 000 620 056E 190 Lyve Lyo voo 000 S8l
eLLz Zeey Z 8 aivk Tt eSS 8 4 Y] 8001 6266 €00  LZ0 88Se $6°0  2OVZ 3:4Y] 800 faene) 90'8¢
99/z sgey I L Oivt Lk EbS L z i 900+  [Z00L €00 YZO  LOOE  0S0 yLYZ 280 900 SO0  ZeEE
§9°4Z poge 0 < wore st evs g b 0 6001 Qc'e6 e R ¢ S VRA ) 890 6yvT 8€°0 yo0 200 y0'8€
z08C veor 0 9 e6ct  pL 0SS Ob L 0 1004 GOO0L 000 ZZO I§SE 190 TEVZ  0S0  Z00  TO0  6LeE
gLee 9L 0 g sovt S 8SS 8 L 0 866  ¥L00L 000 [Z0 SLSE 980 ¥ZSZ 80 Z00 000  Z9UE
Z9lT eL8e 0 9 Wve v THS Ol a 0 8004 LVOOL 000 220 96SE €90 LLYZ LyO 000 000  Zvec
VLT vy ¢} g sebt T ovs 6 3] 0 166 8166 Qe ZZo 1Z9e ye'0 8ZV2 ro 000 000 05'LE
SUIMO
6595 6282 €5k  TTSL  I9EL TL [0 6L 0S¥z 9/  8SG.L 0896 €50 /56 SL9 L[S0 €69 QL0 69EL 890  Z60§
9,85 8y0E  8ZL  SESL OLEL 19 SOz 9 6ZvZ 89 955/ S0'86  vYO  LS6  ¥L9 €50 9€9L  SL0  LLEL 090  6vOS
ISV SOEE SEL  9pL ZYSL Z9  LpOZ O voIz 69 09S. Zv'e6  Ly0 €26 8EL  6y0  Oy9L  PEO  [9TL 9S50  990S
Z6YS €58C  SvL  TLWL PIOL ZL €S0 L 85ZZ §9 679 €TE6 0S50  veR OTL LSO Iv9L 900  S8ZL 850 SIS
00vS €L1€  ¥ZL  OvpL  EOLL S8 SL0Z SY 6YZZ S9  BES. Z0B6 E€Y0 606 69 TG0 LLSL 860  S8ZL 860 110§
Ov'es LE'8Z  ZTL  90Fk BELL €L 907 Wb vZZZ S9  8SSL  Sves  Zv0 6.8 9L 950 £99L /€0  ¥9ZL 850 vo.om
ssBy
§4  OM W33 NWN3d BN e BN UN 84 13 v L S WICL OZYN OvO OODWN ONA 034  tocHy E0eIv  COiL ZOB
LeH bunesy S'0-MI 02,0021



139

GE'EY 0EvS 4] 14 58¢ 1249 189 0zt 21274 gl ot Gh'es 000 [ %1] eyl £V0 oo Roved 96'8% 66'9 880 ommo
jouds
8L'ee The 09'9¢ ¥80€ A4 901 FA%SY gi 514 1z e € 086l 18°00L  S00 €LC 8y 50 vZ'oi GLO 6.0 rARS) £8P
oevZ 19y ayee sgle € 16 (45191 Gi [5:14 81 38 Z €6l 00Z0t  S00 8¢ 81°6C 080 €18l 850 £9'0 L00 nw%m
ajuoabi
298 Svst 000 a 315159 8 Zt 9% 9 i 0 8001 Ii0Lt 000 LZ0 GL'GE 85’0 86T 620 00 00 .'8¢
99’z sysy 000 g civi Zi [*14% 8 i 4] S004 §5001 000 Zo 91'9¢ ¥6'0 88've LEQ 00 200 $e'8e
1L8C E6ES 0SS0 L ovi 21 899 9 i 0 Q001 V20 100 620 GL'9e 8y 0 eeT 820 00 Z00 G59E
6e8e Zeesy 050 L oove ) 298 S t 0 1001 LLZO0L 100 G20 g €50 ¥6'6C gz'o o0 200 vo'ee
Oy'8C viLes 150 9 ieel 33 085 L 13 0 G00L  8800L 100 0 sT'6E 80 L1898 TEQ 00 000 G288
88 8Ly 000 L €8¢l Zt 698 L i 0 00V 6Z2L0L 000 $yz0 £4°6E ys0 08'6Z Ze0 00 200 0L8e
806z 628y 150 e ogel  ZL [e72%] 9 i 4] 8004 59001 LoQ 820 0Z'ge €50 2662 A1) 200 000 BEBE
BI6Z ZZsy 000 FA Z8¢ct Zi L1S S i 0 8001 gei0t 000 G20 Zy'se ¥S0 FAog:74 azo 00 200 yy'ee
898'8Z LI'Z5 000 L £6el (%% Y¥A] 7 i 4] $004 6000 000 yZ'o 0e'se 6¥0 298'6T S0 00 000 €88
Buinjo
€0es  g8'9e (21574 89€L PLSE 0s £est [ 8LET 19 2155274 Zi'86 fAv® €L 2L oro I8’y QT'0 Zy'el 880 8528
88'¢S  LL6E G627 86el  BYGL 87 2081 ve OLlEZ €9 €194 LYy'66 yoL £6'8 ob'L o LTGE 620 orel 150 ay'Zq
ov'6S 1Z8E 2155 8/el  B8FL  €¢ 6i61 oe LIZZ €8 Q0LL L100L 6Lt £8'8 88'9 evo LLSL [s7Aks] feel 850 PA A
VLZS €80V yve B0€L  GEOL oY 881 € €8z 19 Z89L vi'66 [XAEN £E'8 8yL LE0 415818 60 12l 680 6828
BLTG  IGIY vee 19EL 998L oY P8k £¢ LeZz 8% PZ9L 66’96 AN 88 85°L ae0 Q5'GL 820 8i'¢l 280 €L
¥8'CS eyBE FAS 19€L 1281 oY {481 v L6269 ¥S8L 1886 [*rAY 89'8 8e'L 60 816Gl 8z0 6L¢L £5°0 bELG
Oob'is  pT et e Wwer 8581 0§ a08lt 82 88z vo €69, 6586 (2589 s 86, ovo |9'vL 50 61'EL 850 [35As]
0P Gi'6e 6EE 9EEl  96G1F 6V [AS TR \ZZZ 08 4L 8000L  OZ% 58 GeL oo 8’6l az'o 61 G80 662G
Zy'ss  Tege eye g9el  6ESL {5 LiBt  ve BOZZ 09 Q0LL (6’66 4 L8 80'L Wo ai'gi 620 18271 G50 892G
6L€S 018 6EE GEEL  Z8GL &b oi8L 67 88LT 89 T8LL 0666 0Tl G888 EEL oo 89'GL sT0 LT €50 R,mw
$58)
84 OM Wdd ™ NNTd €N € BW W CX] 3 v 1 I§7 WIOL OCYN Ovo  O9DW ONW 034 €0c8) €0 oIl ZOI8
o¥H Buljooo G0-MI 20,0021



140

Ly9e ie'8T Z 91 819 €l ioe €6 €68 418 /8 2596 o0 8r'0 Syel 8¥0 SOFL 900y 89y v o 58T
yelE  G5SE 3 L 569 it 16T 986 126 0i [*74 06'L6 [Tekd] 0 (%58 41 [% A0 gr'sl |9°0v [5) 214 evro €80
g ye  B8e'8L 4] 9 189 € vie 9E6 8.6 i Gt ve'Ge 000 L0 8L'vi 080 levl 66'LE L5°9T By o Dmo
feuids
[R5 2 T+ N4 88'vL 0.81 4 05 y084 Gt €8T €z oe 4 2861 LE001L €00 ge't 89'0€ 160 89'8 280 ZL0 LO0 595
GEeE pe¢e |88el  evel i vL (741 1% 8GZ Ze 9L v 0564 8Z'L0L 200 861 FARYS 680 88’ ot G814 FAR 1495
(13 L £ 4 89 Ov'elL i €8 a6t 61 g oz a9z 4 €661 2oL 200 e ZL'eT ¥9°0 €80 Y60 ¥e'o 800 86'9G
ISeL 08¢ 80vL 6981 € aL 208t 81 G982 8C 8¢ € 0461 LEW0L p00 88'L 86°0¢ ye0 gL' 104 680 ZL0 :%w
Otcov H
wPL €097 0 9 8691 it 58T 53 L 4] 0101 8y 001 100 €z0 ol'vy 250 [ A4 G850 y0'0 200 90
e8¢t LioC 0 ] Z89f ¥ €LZ 8 Z 0 $00L  0E40L 000 o 19'6Y g9°0 gzl 8Y°0 800 200 8L°0y
ovvL 0962 0 L 1584 it 274 (33 Z ¢} ¢L0L  €200L 000 SC0 Loy 50 grel 50 800 200 69°0F
Yoyl 066C { 8 2691 25 €8 [} [ [¢] 966 88°00L €00 Zzo 8LGY 80 yocl Sy o ¥00 200 8L0y
YOvL Z8€T 4] g 4tV T AY 08T 413 Zz 0 088 88001 000 ZZ0 BO'OY 8950 15€L 180 800 200 06'6¢
66'€L GEEC 4] ] 804 T 08c 8 b [¢] 066 L1800l 000 yZ0 Bi'gb 1850 el i) 200 000 06'6¢
oLyl LLET 0 8 69t T4 [3:14 § Z 4] G668 07004 000 f# A1) £G'Gh o950 gyrel FA 4y 800 000 886t
SOvL 8gLie 0 g oLl €t 28z H 3 t 586 Zr'o0L 000 020 BeGh €90  05¢l i50 $00 £0°0 JAR S

9ZvL 98%Z 4] G 80l it 98z 133 Zz 4] [21:5] Z6'66 000 ozo £g'sy 680 Zo¢l £50 900 200 ’

AT A4 ] g /694 € 82¢ & 3 0 066 LE00L 000 20 12944 190 1861 o $00 Z00

$Lye 8261 L €291 0861 L L&80L 09 0oL 1L 08bL LO'L0L 920 8.0 ¢ove 090 626 ¥e'0 ZegL 180 GLes
€L6€ 0611 s ZLSL  8vL LS Zi0L 6y yoLlz  ob 6028 9£00L BEQ Se0L eLL 8v'o oLe Sy'o ozel j 44t €085
oy ilet Zo4 £961  6SPL 19 ZZ0L 0§ yo1z 8y yiZ8  88°00L 8E0 ys0L L0/ 280 €ee 8y o LTEL ov'o 9E 65
yele €Tel €L 8esi  gavl O 6 8e 0912 6y 628 S000L LZ0 GeE0L BLL ¥e0 008 G0 €Z'eL o 88'6%
'8 6CvT 88 G894 G084 ¥ 6L0L LY 2T 1S 9.6, 8166 YZo i 9L Ge0 g8 Zv'o as'el 8y'0 696
85'ee 97261 514 589f  GE6F & vO0L 95 /LI SO YoSL ZHI0L 810 ezt 676 0 69’8 150 1591 280 TLES
gove V2 144 €ZL4 800 @av 2801 6% vic 194 96eL P00l 8L 0 el €66 oy 888 €50 1410 180 €82G
e Ty8i i9 044 LBL 69 6801 98 €68L2 IL 8G€L 9866 [4AL] BLiL 626 ¥50 86’8 860 5981 L0 69°LS
sse|ff
839 OM W3 NW33 eN e BN UN x| 3 17 L IS5 TIVIOL OCYN OVO OSW ONWN 034 £OocHD €OC™  COIL zoIS
ZeH Bunesy S =M 0.0021



141

9961 60'L /864 8G9 0 1z ogst v €8s L2 %4 ! 6861 ZS00L 000 9SO S6'EC  8F0 26ZL S0 IS0 €00 TLYS
980z SL'L 0907 02 0 e 181 S 168 1T 1z L /86L  88°00L 000 60 ¥L8Z 6P0 ZPEL 960 1§00 S00  Z1'9S
£00Z 904 YTOZ 8LGZ i 1z 850 6L vee ST oz L 7961 800V 100 S50 OL'6Z  6¥0 6ZEL 880  LpO €00  V6'SS
POz YO'L 9907 €T6Z ! 0z zost vl s6e v ai L ZO00Z 0900k 100 €50 vp'8Z  SPO  ZEEL 990 YO 200 2595
€802 0L €S0Z WLLZ L 0z 8zst b1 86 o7 61 0 9861 (600L 100 TGO /6B  8¥0 IvEL 160  S¥O Q00 919§
£E0Z BOL  OS0Z SO6T 0 1z 908t bl €6 6T 8l b 000z 9E00L 000 SSO Y8 S¥0  vZEL 680  EY0 200 €695
120z L0h TYOT vz z 0z gZst  vi vee ¥ L4 A Z66L  §8°00L €00 IS0 /88 §¥0  EEEL 980 ObO SO0  LEGS
LE0Z 960 1507 LZ'6T ! 61 6754 ¥l 86c b L1 L 6861 80'00L 10O 60 SL®Z  SPO  VEEL 980  OFO €00 GL'GS
SL0Z 0L SE0T OveZ z oz st vl 06 iz vl ! vOOZ  LO'LOL €00 IS0 BLBZ  O¥0 E€ZEL 820  ¥ED €00 989%
L1561 960 9/6L ¥9'8Z i 6L LESL € z8e 9z i L G661 IZ'0CL LOO 60 €06  ¥PO  SBTL 990  pEO0 200 81'9S
Z66L 160 ZLOZ OY6T ! 64 6251 €l 88¢ iz €l L 8661 Yp'OOL 10O 0SO €682 Y¥O OLEL 9.0 ZE0 €00 mm%w
PHUOBDLH

va'€Z Loy 0 v 800 4L vy  pl z 0 S00L  ZY'LOL 000 SL0 006 €50 691 290 900 200  OE6E

SLEZ 059¢ 0 s 894 €L 9% L L 0 vOOL  LE'LOL L0010 S6'8E 650 L94Z 190  ¥00 000  6L6%

99°€Z  BL'6E 0 9 sevi  Th vor vl b 0 S00L  6L00L 000 020 BYSE  PSO  EVLZ  Z90  ¥00 000  €8'9¢

8S'€Z  1TOE 0 S g8y €l o v i 0 L004  SSHOL 000 LLO  00BE €S0 ¥OLZ  OL0 200 000  EP6E

02EZ s99¢ 0 9 zeyr i sy €L L 0 £00¢  0800L 000 O L6€E /S0 SLIZ 990 200 000  LZ6E

BUAIO

SYYS 8rLZ vy 6824  PEOZ €6 £YSZT 96 geyl 0 ZI8L 9666 SL0 YO8 ZL'6  €L0 ZEOZ 180 v vw0  1ZTS

955 ¥6LZ 44 19ZL  SE0T ¥ 0£9z 8L orL Ly €/LL 0666 SL'0 ¥8L 606  ¥LO Y60Z 990 628  ZVO  LLLS

€075 5982 or 99LL 62T 06 695 €6 vovL  ef V.. 6T00L SL0  0EL  SZOL LD 090T 6.0 664  8E0  LLTS

0L SLOE [ Ly L0eT 18 L8Pz 66 SivL ey [08L SY'96  ZLO  BOL LZOL €90 Z96L €80  ¥8L  BEO X:m

s58}

54 OM W43 N3 BN €5 BA UW EX] ] 17 i ST VIOl OZYN OVD OOW ONW  0ad  EOcuD  €0Z1v  ZOIL Zos
ZvH buneay S'0-Ml 0.00€}



142

L8z 9vl  00el S6'GL L 4 [3:: 1 11 €5C ST 8T (4 6961 €686 00 8.0  P8LE €50 868 880 890 00 09'SG
syl €e'L 8lvL losl o 14 €8l Gt 4214 9T 14 ¢ 986L  vei0L 000 OL0 OQvie IS0 088 60 280 S00 Le'Ls
9r'gL 8E't 6991 I8€l 3 Lz sesL €L oze 24 €z t 8961 0L'00L 100 L0 €L0E  SPO G801 860 G850 sS00 LE'9S
g9el 9E'L  /[8El OlgL 3 LT 151 A S 99T 214 (44 3 066L  Z¥O0L 100 LLO  0%Le 950 €lL's 680 €60 €00 90'L8
Mgk 641 eE8L €590 3 €T 41T . 1 z5e €T jas 4 9661 &9L0L L0 Z90 o6 SP0 60T S8°0 wo L00 |€°L5
OLZv L4 081 8BLST 0 jord A1 N 4 9ve x4 Sl 3 €66L  LP'00L 000 090 166Z 9P0 €L'bt 80 9¢'0 €00 0595
TLLY WL Z6ULL 98T 0 e €8st vl 5218 ST 28 3 (0211 ] 000 IS0 eg6T gv'0 e9'tiL 980 9e'0 200 waw
apuoeb}
BGVL eyl o 9 Gi8L ¢t 98T 143 4 0 166 <800k 000 ¥CO QTGv 190 98¢l Lo 900 200 Loy
6e'gl  €8el o] g €99l ¢t soe 143 3 0 566 LZ00L 000 120 evep 190 PSYvL 690 y00 000 69'6E
FAR AN 4 24 o 14 €Lt i 162 zi 3 0 166 yoloL 000 L0 L¥S 860 leP 80 200 000 6e0Y
BUIAIO
or'ze 8691 vl 6824  ipv0oe 68 LT N 8LV TS 0S5, 6086 G600 LLg GBEL (YA YA} 860 Ge0L Lo 9z'Ls
glee G89L 32 90ct  800E 18 2esl  S0L €0LL  or vigL €866 Y00 T¥'9  vEEL ¥L0  0LTH 260 86'6 o L9TS
veTe 19/L 13 ivel  0s0c o8 €est 601 6egL ey 886, 0000l ¥00 698 vivi 0L0 leTL 60 96'6 S o vv'es
oL've €08l 147 L8TL  8/6T 88 985t 801 8.9t 6&v iv9.  8TO00L SO0 0Z® s8¢t ZL0 shbel 60 286 S¥o £0'es
LLEE  6S°LL 133 99TL 8867 /8 [£4: 1SN €591 6V ve8L  0Z00L ¥00 T8  €6¢El VL0 S9TL 86°0 GL'6 s¥o wv.mm
sse|
EE] oM Wdd  NW3d eN €D bW uN ad 10 v IS IOl OCvN OvO OOW ONW O34 €0Z¥0 €OZv Ol cois
y¥H Buneay S LM 0.00€}



143

6291 1STY 0 z TR 4B L 0 666  SL'L0L 00D 800 6YPr 960 0SSL  ¥SD z00 000  Liov
0L9L €6.¢ 0 z cEOL 6 62€ O L 0 9001 1600 00C 800 v8Er PO SLSL 0S5O z00 o000 ezor
gc9L  oZTge i z 290l 8 8ze Lt 1 0 /86  0L66 €00 800 OLbr OPO  0SSL €50 z00 00  96'%E
S86L  6L6E ! € g9l 9 G ‘ 0 TOOL  9LODL 00O OLO  6L¥P  LEO  L6VL 950 z00 00 vE6E
Ze9L ZYee 0 0 [T T e il ! L ZOOL  v9lOL 000  L00  SSPF 680 LSSL /S0 z00 00 8yoy
8591 95'9E 0 z SyoL 6 6z¢ Ot i 0 000t 9Z00L 000 800 99Ey OvD Z9SL  0S0 z00 000  €L6€

BUAHO
9958 1942 vl 9€9  oYOv €8 608 i 6cL 0T 608L 00'L0OL SO0 90V G§§8L 290 88l 960 €Ty 810  8ces
Z9EC 8992 L €85 SsTV UL vizz 6 6z o2 0L8.  0000L P0G 5€  ZvEL  TOO  L08L 280 Ly 810  VLES
90€E 695 v LS ssey  v8 85T 66 6LL 9T 808, 8166 SO0 09€ TY6L  [90 €Vl S80 1454 €20 9.7
0LEE YiL6T i 95 99Ty 9 102 oL 0L W 908L O0E00L YOO 09€ Z66L 190 008l  S80 80V 0Z0  sZtS
66'€E 98T L 085 €62y 8L L$ZT 00t [ T AN 4 €LLL 0S00L Y00  69€ €9°6L €90 SEBL 990 90y wo 6675
89°6C  9L°8C vl 8LG  geEy 8L [ 2 A 1 969 0O 09/L 6800 SO0 69C L66L €90 SEBL 680 yo'y gL0  OLES
ZLEE €LTE w1 ves  syZr 9 Selz 66 €99 0T 988, €L00L SO0 29 096L €50 /SZL 990 66'C 810 BTV
8€VE  ZTOE i 0/S 19y € 6172 904 99 07 Li8L LOOOL YOO 29T O06L 650 908L 160 16°€ 810 mmmw

sse|

S4T OM Wid NW3d BN €5 BT UR EX] o] [ T IS VIOl OCZYN  OvVD  OBW  ONW D34 t0ce8D  t0eW ol ZOI8

8yH Buneay S'0-MI 0.00%1



144

62€ 6v0 6Z€ S5 0 9 [2XA ] £y 43 8 3 0ZEL /616 000 920 €69 Ov0O STT S9°0 620 €00 84S
tls 60 TLS  €E0b ¢] 9 oect L SL (43 g 3 PZEL  ¥Z86 W0 9T0 69sE  [e0 /B¢ 190 670 S00 €1°LS
09t l¥0  65€  OL'9 ] 9 08z 8 8y 133 L 13 viElL G586 W0 §20  969c  0v0  LvT 180 9T0 €00 9595
866 T80 (66 S00C o 4 [222 2 A oet t 4 b LEEL 8686 000  /L10 LL€E €€0  0L9 650 gL'0 800 8L/S
syuoebid
0 859 0 4 986l 6 4] €l 3 b 856 €696 000 9L'0 /[8€S S¥D 00€ vao S00 Y00  £.8E
ate vl 3 v LS61 6 v8 Ll L 3 6 €696 €00 GL'0  9LEs  €¥0  LLE S50 o0 800 6£6E
8t'e 96§ 0 4 L4 T ¥8 33 3 0 186 0646 100 L00 6EES IS0 viE 850 €00 Wwo  gloy
|UAO
¥S8 18y § LiZTL  Svvr 88 €y 86 alvy  OF 00/, €096 Z00 008 LLiZ  TLO  85€ 880 £8'8 8e0  Z8YS
159 L9V 8 8siL eiey 0/ 9ze €0l JAS 23 44 €€LL €586 €00 v.L 9L 650 BLT €60 [2%:} €20 2€'68
gyl 95 € 05LL 89Sk I8 sie ol ey Le 9LLL  Zewe6 00 v9L  Z8IT 690 6LE 880 198 S0 S6¥S
@Zs ey € 00TL  £Svy 68 60V L01 Lyl 6 Wil €816 Wo 6L TViZ vl0 eve 860 05’8 L£0 vivs
viL 29 S 6eil 6Zovy 8L Z8e €0k oL ee LZLL 6Y86 TOOD 6L  [1TT 990  60¢ €60 6v'8 L£0 LL'6S
€L i§¥ 32 8/LL  9igy S8 £8€ 901 g6eL  6¢ 669L /8.6 YOO 8LL 16T (YA R A S6°0 6£'8 180 m«;m
s8e)
sS4 OM W44 NW3d BN €D 5[ UN o4 e} v [ IS WIOL OCYN OvO ODW  ONW 04 e0CdD €OV 2oL oIS
OSH bunesy S LM 0,007}



145

zeloL O 4] 0 G VLbeL 6L 0 8 Lz LeorL  8Zv8 000 000 000 €00 5112472 800 000 S00 £Lo

{ejeu

88’08 vOZSL € 4 Gt [+74 4 14 £99 [s74] FRXA AN o8 BE'L6 Lo 100 abo £V’ LLO 8167 s6'1Z 18'6e 50 $9T
8899 G6PLL G 0 14 8GE 9 2274 88 004 6t 8 28'66 80 000 [11540) WL ez 8L'82 00've 88'6T 8.0 ommo
jeuids

9.6 88t € L E1) PA: 1% T A 1474 8 1% 0 L6 2186 {10 100 8y'0 oy 8z 820 09'¢ee SEC 880 000 LSe
98  Z8'[8 G 4 Gi |/6LL 6 2172 G (111 O 766 €166 20 €00 280 899'87 10 t§%e ZT0 Ze0 000 99'6e
BL'6E 01’60t € + 174 064 £ VL 14 6 4] V66 8166 G40 100 890 oL'8e 0e0 GLEE 610 8z'0 Z00 GL'sE
QegE  sC68 4 [ 94 Gt 6 21474 13 14 4] 186 00'86 (A8} 100 250 0c6eT 2€0 f 4R A 800 Lo 000 60'Ge
BE'6E 8OETH € o 147 ozt 9 064 9 € 3 {86 T 66 €10 000 8v'0 s0'62 Zo Ig'ee 9z0 600 €00 60'6¢E
£Z'8e ZL80t 14 0 8 [ 224 S 88/ 4 £ 0 £86 8286 LVO 000 £5°0 412574 [$34] Geee 810 800 200 L8'vE
LI'6E 8988 9 0 9t et 6 08L € £ 0 886 9586 20 000 Z50 (7874 LE0 eCEE 510 600 000 6L°Ge
ZE'BE  8E'GOL € 3 gl 21874 TN 88l 4 € 0 S86 Sy'es GL'o Lo £5°0 [ 7874 Leo oyee oo 600 Z00 00'6e
LZ6E LI'vs 4 z al s0CL ® j+3:72 14 Z 0 586 7596 €20 €00 £50 vL8C Ge0 ge'ee gi0 900 200 p0'Ge
igge 9860l “Z s] at [4T AT €Ll t Z 0 66 29'66 [394] 000 €50 GE'6T €0 BE'EE 800 80¢ 000 £g8'6e
yg'ge  0L'€0t g 13 147 ozt L 8L 14 b 5 0004 Zy'86 [# A1} 00 ov'o £9'8C Le0 98¢ 610 00 £0°0 1LSe
€L8E 067T0L £ 3 149 LiZL 8 5172 £ [ Q 186 ¥1'86 €10 100 ay0 76’82 Ze0 seee €L0 $00 200 alL've
aualje

YlL BLY6 gl EXN B8EC  6EL 87 JLA AR 1Y o8z b Cing 1286 €10 [ 241] (358 2 W1 ) (XA 1804 [4 %] 6y'61 $6'0 eLEY
QLlL 0976 213 iet y0eT 8L ie [A%: 7 AN 8T L8 ¥8i9 v9'es 800 £y o OL'EL gEe €20 FA R a0 T4 8.0 18254
¥GGL €5€ER ze 1549 €817 8998 (5% £9.2 Gt iyl 86 5989 vEUL6 LLO FA R £8CZL OL¢ GL0 19 %A ZL0 gL v €80 12294
IpGL ¢€L8s Zi yZi WZZ  es 414 yzez oC LELT  TOL 0Si8 6716 600 oFO £8'Z1L 88¢ Zz0 ;374 gL' (4549 880 (61544
i8'eL Zwes 119 A% 61T Iv6 e /LI €T gE9C 68 8688 0EL6 oLo £P0 8L L0V g0 1602 /L0 €Lvi 6.0 yoey
sse|f

SO T WIS TNWES WNENCES BW O Um 84 1 v I8 WIOL OIN T TOYN T OV0 OB ONIN O34 S0cHD  €0ZTY 2oL o8
GGINN Buneay S0-MI 0.0811

UuoSIyoInpy jeinjeN

(# dx3) (edf} dx3) of) (dway)

sjuawiadxg |j| seueg *o



140

888 6Lt 9.6 SYIS 4 4 SL oser 04 74 FAS &€ 4 6v6L 2968 800 €00 061 v ZE0 29’8l 150 880 LOO mm%w
8)uoabi
Z5ee  L0Y8 S ¢} [¢13 80eL 8 299 [+13 JA 14 166 vLL0L ¥Z0 000 SE0 967 Se0  08'6Z o €20 €00 Lele
2Z¢ 14778 3 12 [¢38 1A B ] [¢8 L 3 866 $6°00L Q00 100 GED er'ee Pe0 8y'el 8v'o Lz'o €00 §¢'LE
8eTE  9TTL 14 0 6 zer 6 A 8 9 0 866 ¥L00L 020 000 (€0 €Tee 620 §98T 6£°0 810 000 8y'ie
9.2¢ 9e'68 € 13 i gict £ ov9 S 4 0 0004 88001 €10 100  €v0 9iee 280 96’8 (<A elo 200 [6A
LgZe 808 € 4 6 geel 8 959 g € 0 886 GO0 ¥L0 €00 ZEO0  eSEe 8’0 9e8l €20 Lo 000 1668
6828 SE'GZL € 0 13 piel g org L € 0 Z00L  9G'10L ¢¥i'0 000 880 6Zce €20 o0zT6C $e0 Lo 00 FA AN
6E2E G6'1L z [ 8 8ieL 8 veg 8 € 0 8004 6Y00L 800 {00 €0 80'EE 9e'0 r'e L0 800 000 8Ll
GLZE SB'16 4 13 6 wer L Lv9 I3 € o} 666 6€004 600 100 20  80€EE L0 L1882 ¥E0 80°0 000 6T'LE
GL'ee So'LiL 1 L 6 FAS S 869 9 4 0 000L  ZB00L Y00 100 Z€0 iiee 9Z0 Oover eco 800 000 0s'Le
8LTe el ¥ 13 6 FAC U ave [ 4 0 800L  8¥00L 810 100 LE0 £8'Ce T A ¥9'82 0 900 000 aL'le
YrZe 6.0L 4 0 L yiEL 6 9 g 4 2 6001 ZZ'10F OO0 000 ¥ZO gz or'c  898C 8z'0 900 €00 (o1
867 LL06 4 4 [ g1t L org S c 0 600 1666 600 €00 ZEO 16C€ le'0 088 €C0 90’0 000 ay'le
BGZE L1508 € L 8 60EL 8 9e9 L 4 Q 010k 89001 Si0 100 Zeo a6z SE0 ag'8c Zen 900 00 A
BETE 68001 S L 6 8Zel 9 8€9 L Z 0 666 $9°00L SC0 100 T80 9eeE 8Z0 1982 SE°0 800 000 oy'le
grZe 16l 14 4 6 FART 1 GEQ S 4 0 00t €T'66 30 €00 ZE0  lSTe S€0  8089C szo 800 000 oyle
8yZe 68001 14 z 6 peEL 9 Svg g 4 l y66 06'66 610 €00 ZEO0 ieee 8z'0 [Re}:74 620 80’0 €00 8898
BUIAIO
P69 156L S 10z g8t 8eit 0e vz oy FR4 AN AR 60vL 8516 y00 89°0 (SR 4 €20 8541 €0 srel €90 [B+4t14
9y'99 I6¥L S j74% 0884 bl L€ e oy 8lez 1L £6eL  EL'86 Y00 650 Z€HL 208G j 24 LZgt 80 e€Tel 290 |y 8y
8LSO [6€L z S8t €egL 86kt e JA: 744NN % 4 8oy 1L €6eL 0286 200 950 STHL i'g yZ0 86°LL 9€’0 el 290 798y
{968 2969 o oeL LL8L 0T vE 0T o :74 L ANNE A4 [4a JRNNA 1] 000 9¥0  Lv'LL T6V 8z0 8Tl GED &y el €90 Lo'ey
£6'69 6118 (35 20e 8081  G9LL  6C 60e vy 498 Tl 80v. 1616 600 0l0o 90l TiS Zz0 808t ye0 91€l €90 @m_mm
ss€]
S4 OM W44 NINHA IN BN €D b U EE] D v L S WLOL  OIN OCYyN OVD OOW  ONW [EE] £OZHD €0V  COlL 208
69NN Bupesy 0’ L-MI 0.08L1



147

980z 0 0 0 s JITITAN 0 o v 6S€EL 0611 000 000 000 €00 E€YiZL L0 000 000 200
giez 0 0 ooz gvsiz 22 0 e el 10EEL  LEEL 000 000 &0 100 GCBLL €10 000 200 800

LI0E O 0 0 L 15802 92 0 o € pSZEL 9S/L 000 000 000 w00 €LviL 610 000 000 900

jeyou

1002 svy  LOLZ 19l 0 z g8  €9vL OL CeE ZZ Ly €  696L 1966 00D €00 [ZZ OTLZ ve0 ZOEL 640  OLL  OLO  OLPS
pe6L OV  £L0C 6£9¢ L z ¥8  Opk WL [8€ 4 S¥ €  O/6L [J66 VOO €00 8LZ I¥LZ SE0  06TL  SL0  80L  ZLD  [8¥S
EvizZ ivy  WWZZT 6L8E L € 98  GeyL WL By 12 8 € /6L 086 €00 ¥00 12T 09 SE0 SLEL  TLO 680  TLO  EYYS
1561 68€ 0S0Z LL'SE 0 L L §0SL Ll 98E € S ¢  S96L €66 000 L0G 661 66/ 9E0 08ZL 6.0 €80  L00  i¥bS
€E0C YEV  STIZ TTSE 5 z S8 espL WL gee L 8y ¢ 26l ¥OOOL BL0 €00 OZZ €2/ LE0 OTEL 190 €L 800  00'SS
1200 €LV PLLT 9v'SC z € Z8  l8vk pL ZOy 9L OF L Z96L V066 800 00 LLZ 6viZ 9¥0 9ZE€L 950 €60 SO0  90bS
0012 0SV  681Z OL'sy € 5 8 ezrL 8 v b ee £ o6l 9600L LLO  L00 §TT 669 820 YOEL 090 60 €LO 6098
ajuoshi

ov'iz  L0'6S z 0 ¢ gesk 8 iy ¥ L 004 LZ66 LLO 000 $Z0 €00 GE0 ZS6L €50 €LD €00 €98

SOT 6209 L 0 L 8554 L gy 6 z 0 986 9500L €00 000 SZO 260y ZEO SEL PO 900  ZOO  86'%E

Szl 1009 z 0 L 956l £ wy 6 L 0 ¥66 GL'B6 8O0 000 vZO0 OZOv ZEO S¥EL  S¥O0 Y00  Z00  6Z8E

9e'1 IS5 z 0 L gvsL 8 €y 8 ! 0 666 @L00L 600 100 SZ0 wYOy SE0  O0L6L  LPO  $00 000  698E

L£ZT ZZor z L 8 Zisk 6 £y 8 ! 0 600L GE66 8O0 100 820 BO6E €0 ELOZ  LPO YO0 000  6B'8E

LT BE9S L ! g 955 B ver oL ¢ L 986 0966 SO0 100 620 ¥TOv S0 666L 0G0 800  S00  O®E

VAT B9LL ! 0 z so5L 9 ey oL ¢ 0 €86 £800L YOO LOO YZO 96O 820 EE0Z  1G0 900 200 9E8E

154T  950L ! 0 ’ 951 9 zZey ol 1 L ¥86 1666 €00 000 [Z0 990v 820 L00Z LSO  ¥00 €00  8OSE

€91 vEBY ! 0 g £551 6 v @ ! 0 €66 $O0O0L YOO 000 ZZO YO OvO B66L L¥O  $00 200 LS8E

SUIAMO

9r6v  L6'9E L 7Oz 1294 wivL L€ BEWL WP OGSZ 69  VSOL vLE6 900 €60 SYOL €59  OE0  vRLL 860 E6¥L €90  607S

625y 80tV L [ZT 0S4 0LV BE LbbL Oy €9SZ  ¥8 998G, S646 100 090 856 €8/  LZ0 8Ll SEQ  /BPL 850 891§

SOy €61 L €97 €991 WEYL 8  ZSWL Lv  OLSZ 29 959. [§96 900 €60 GOOL 099  LED 6Ll L0 Le¥L 50 282§

veoy 0S6E 6 0T ¥SSL 19V /€ 9SvL IS 99vZ 99 LGo. 0Z96 800 €40 186 €Y.  O0E0 eIl S¥0  ShpL 090  Ab'ZS

oLy 6Ly LL Ll /SSL ¥ewL M€ SepL LS piVC €9 SLLL S§86 600 420 0Q0OOL S89  SZ0 SOZL w0 vbpL  8S0  0ES

SL9y 96 L €Y ¥8SL OESL SE /8L 8y WM ¥9  ELLL  L6/6 900 990 €L0L 90Z 820 0Ll Zy0  8E¥L 850 828

Ty SSUe g 95z 189L  655L L€ GBEL ¥y ASSZ L E09. U186 w00 060 880L £V 0S0  ibiL  8EQ  9LPL  S90 981§

69/% 6Ly €L /82 GI9L TSSL S8 @Syl Lv  SEVZ 18 9/9L 0096 L0 0L §20L OLL 820 68kL  SE0  8OWL S5O sz

S50}

§4  OM Wad NAS3 W eN '3 BN UN 835 v I 18 WIOL OIN OYN OVD OBW ONW O34  €0080 COZW 2Ol 2O
LSNN Buneay S L-M 0.0811



148

6124 99'€T o o] 8 9tLL 0L (8144 e L 0 666 6e66 000 000 B8Z0 iZ9F 8¥0 0S4 o 9¢'0 200 Loy
VUL SLvE z 0 4 9sLL 6 vez 8 [4 o 066 8L86 600 000 S0 vrly  SYO 8T o 800 000 98'6e
8Ll 98'6C 0 « v 9€LlL 6 yET ot [4 3 666 b966 000 €00 vi0 189y €¥0  OULL 060 800 s00 ve oy
96'LL ever L 0 € el Ot LET 133 [4 3 666 Zg66 vO0 000 ZL0  glev  8Y0  6ELL P50 900 €00 6107
6L 8lse |4 3 4 [4: 74} 8€T L 4 0 886 9666 800 €00 G0 [Ely PO 8yl 850 900 000 Lg'6e
684 £5CC 4 0 € AZA SN g€z 6 4 0 966 cO00L 600 000 010 Ly 0S50 vl PO 900 000 oy
98y 60'€T 3 0 € 0sLL 01 LET 6 3 0 166 0E00L  S00 100 €10 ISy 6Y 0 vl Lo 00 000 eroy
94t ZBYT 0 0 4 0sLL 6 yeT [ L 3 £66 €866 000 100 vi0 vELr SO0 €L L4l ¥o'o €00 Lo0v
LbTe vesT 4 0 € Ll 6 wZ o0 3 o 000t  €Z'00t L0 100 £L0 8’9y S¥0 volL 150 oo 000  ov oy
G611 6Z8C 0 3 4 el 8 A A A 9 0 000L  ¥O00L 000 €00 ¥i0  vily  OV0 O¥LL [0 Yoo 0o evor
S84 SEOT [4 14 4 it T 6e L L 0 166 82001 OL0 €00 viO  eElF 980 PSLL SE0 y00 000 Loy
yozL SeLL 0 0 € rit 6 o L 4 0 166 0Z66 000 000 <TLO Z89Y LWO 8PLL  8ED €00 Loo S8'6¢
0L v6IT 0 0 € ST ] 344 8 3 o 066 8866 000 000 L0 Gviv o 0911 7o 00 100 88'6¢
984l G60T 3 0 14 0sLL b JAN A 13 0 166 €C00L €00 000 ¥vLO vy ¥S0 SR 8v0 200 000 leatid
voTL ovie € 0 14 8ELL 1L 6eZ 6 o 0 966 8.66 810 00 ¥I0 069y €50 TEHL WO 0o 000 Looy
aunjo
or'se €66l 0 [43 GP0OL  Zéee  LZE s§Tet 86 86LL iy e¥/. 0S86 000 VYOO 999 LEGL 960 6¥Gl €80 ¥8'9 LE0 01'Zs
vELE  96L1 0 7l 24} vile 86 89L1 €6 6L Zv BLLL ELBS 000 G00  §8%  LTULL 6.0 LEVL 080 08'9 8€0 8v'Cs
L6862 pO'6L ¢] 144 968  vOoO¥ 26 gyil 08 gril 68 898/ [I'66 000 SO0 LLG  veelL  vLO  [ZVL 690 G9'9 SE0 1878
088 7091 0 vi 6. vy LOL L0168 8OLL  le  [TLL 89U8 000 SO0 TLY v9BL 680 BLEL €L0 SEQ £e0 om.mm
58|
sS4 OM  Wdd  NW3d N eN €3 BN UN 84 s v L 1S WioL ONN OCYN  OvD  ODW  ONW O34 €0Z"O  eOTTV Ol o8
CONN buneay $'0-MI 0.00%1



149

144444 o 142 z i 0 0 L4 8 yO'eSE €676 100 000 SO0 W0 4508 000 000 €00 00
oZive O o o S [£4: - ] Q € 61 6LZvL 8068 000 000 000 €00 v69S €00 000 200 Mwm,.m
¥

627L 9ie8 € 0 4 96T 6 S6L 8961 vie €e € LE'66 L0 000 w00 oS 0E0 8LOT 085 €EL oz'4 600
8L LEWE S 0 3 862 6 L08 G961 00 JAT .76 SL'0 000 €00 vES 20 6L T6TS 089 44 _aw.ﬁw

veLT LlvE  eeer 156y v 4 89 £SEL 6€S 24 8¢ z 9961 €L66 €10 €00 vLL  LL¥Z S0  SSLL TLO 80 800 GG'€G
$8'8Z vS€  IB6T £v95 L 14 69 80El  Ob 88 6l S€ z 6/6L ¥966 IZ0 €00 GL4 eg9eT  le0  6Z8L 890 1870 00 £8EG
ZL'8C v8E  vL6L Z8B9S 3 Z 9L ceel Ob GSS 61 €g L TL6L  ¥986 y00 €00 08'F ¥OVT L0 veLl 90 8.0 S00 €0'es
vo'8Z PCE  BEBL YOS 4 4 €9 teel 0oL L¥S Lt 24 [4 1661 6066 S0 €00  09'L  6IWT o Tl 50 6¥'0 800 mm%w
ayuoebi
87 LLv0l S b 6 9iel 9 b9 S 9 3 c00L 9866 €Z0 100 1E0 €8TE 20 IyeC  SZO 610 s00 ST le
ELEE  €9'104 9 o L 66rl 9 e 8 € 0 600L  8L°00L 620 000 U0 L¥ZE  8Z0 ZEE8E (L0 Lo 00 65'L8

leee 6E0L 8 0 8 el 6 659 L € 3 ¥66 LZ00L 8E0 000 820 0BZe YO0 ET6T  IED 600 £00 88'8E
0/Te 6£00L € &) g glet 8 3¢5 9 € 0 L00L 6966 G100 000 820 LLCE  8CO0 lvBZ 8UO 800 200 r'LE
€5'ee  TTLOL 4 € ot ooel 8 658 L € |2 €001 ee00F L10  §00 G0 SyTE L0 TE6C L0 800 €00 S€'LE
0sve L6601 S 0 8 ogZl 9 8.9 S 3 3 9001 9T00L TTO0 000 LTO0 ¥RIE  BCZO S00e TTO 700 €00 [35A
S0'ee  8S1HL 14 3 2 oiet 6 158 9 3 0 €001 [Z00F 8LO0 OO0 820 €LT€ Ov0 006 80 00 000 SE'LE
tgee givl 14 o L 66ZL 6 98 L 9 0 €00L  [/66 8L0 000 PLO ITLTE 660 8LEL L0 00 00 oile
yeve Giie S 0 8 89t L ve9 L 3 0 8i0L  GZ00L ¥ZO 000G LZ0  §9le ZEO  v§ET ¥ED 00 000 8.8
80€E  8TLL S 3 L sier 8 vee L 3 0 666 L1866  ZZ0 100 vT0  997e  [e0 968  ve0 200 200 [89E
€ZEE 696L 14 3 9 vogEL 8 €89 8 3 3 S00L  ¥000L 8LO 100 OT0 0S%¢ 90 ZOBZ  LEO 0o 00 EELE
6Ce  G5'€8 S L 2 soel 8 rvo 9 4 o] O0L0L  9€00L TZO0 100 8Z0 0l ve0 LL8CT 8T0 00 000 vile

€5€e  LEZ8 z 0 8 ZoeL 8 89 6 3 3 ZoOL  tle6 600 000 LZO0  8ZTE  §€0 0T8T Ty w00 €00 S0'LE
99'ce  0L'101 3 |2 2 8el 9 L¥9 9 3 3 666 ¥2°00L SO0 100 LZ0 OCEE 8CO v88C 60 00 €00 STle
09Ce 8v'9l ¥ ¢ L ¥Zer 8 yo 9 0 3 L00L  80°00L 020 LO0 ST0 e0ee  LEO  998C &0 000 €00 STLE
CaUlSH
8109 US't9 o L0€ 69Z1  GiviL  ve 68z 0¢ 96t €S BIBL 9T'U6 800 S0'L  98/L 0OE£9 Lo el S0 SO'LL Ly0 9625
01’69 SE'69 ] €ey  08el  POLL I LEZC  8€ 8261 85 6¥6L 0696 000 Iv'L  vs® WS G20 8§LL e oL g0 €ETs
85 v9  ¥60L 14 80y G6EL  85TL £ LSET e £88L LS ¥8BL OY'e6 €00 6L $98 08¢ g0 898l 920 ya0L 080  6ETS
LBE8  LBOL 33 €8C  evel  8sTL g L8ZC  8e 088L 65 696L €698 600 980 8T8 GG sT0 8Ly ZEC 5oL 80 098
S0Z9 Oveg L ore  gvel  glel  Zg 80Z¢ L€ €98l ¥S  6/8L €96 900 LIV ¥T8 08§ LAV AR le0 JAS VIS A A mm.mm

ssef

sS4 OM W44 NW3d N N €D BA Un od 10 v 5 Wi0lL OIN OCYN  OV¥3  ODIN ONW 034 €0c¥d €OtV ZOIL [{el1
YSINY bunesy §'0-MI 00811

UOSTYIININ %0€-Uebafiy %0.



150

8962 ge  690e €ELIS 13 4 19 oreL 7L 869 ve 144 € Le61L  LL'66 P00 200 L4 Q0 £0  9l6l 080 00t [454] 98'Ls
vZ8T eLe et Tlev 4 € 58 yeel Lt S48 (24 g€ 4 6961  6L00L 900 v0O L9t wpPL ge0  E€Lgi SLO 180 400 08'eS
684 €9t G6'87 06689 € 3 L 315 S, 4 Pes 24 9€ 4 8661 Y66 Lo 100 el 3844 x4l 8L €80 €80 800 1828
1842 L9E  To6Z 998 € z 73 geer L avs 24 ve 2 GL61  ZL'66 800 €00 6L4  eTYT 20 sl €L0 8L0 €00 ov'es
6G'LT 8EE  SE8T vV OS 0 € L9 gseL i avs [44 €€ L 4961 6£00L LOO  ¥O'0 ML 06T SE0 88/t LL0 LLo S0°0 16€S
08/ (8¢ V88T €98r 0 4 174 per bt 058 144 €€ [4 vo6L  ¥8'86 000 SO0 6LL  PEYZ 980 el €80 9.0 00 _‘m.mmm
ajuoab)
LIEE €90L € 3 6 g0el 6 €59 L S b 000L €E'l0L vi0 100 ZE0 Leze Lp'0  €e6l ¥eo SL0 €00 65°Le
LoeE 27’88 & t o ocet 6 S¥9 oz 14 o 666 88'86 00 100 veo Zoce o ge8z v60 €Lro 000 696
6T€E 956 4 4 [+14 L 8 859 8 € 0 L66 ey'66 800 vOD GEQ  OvTE 8€0  L06C L£0 600 000 €L9¢
Loee OrlL o Z e Zel 8 459 0L 4 3 266 L£66 Q00 €00 BZOQ €9C LE0 €68l 8y 0 800 S00 ysoe
68'7c 798 0 0 6 e 8 A=) L [4 0 866 99004 000 000 €D gleE  vE0  piel $e0 800 000 5A%
ZLee 618 i 0 L [AL I 999 33 Z |3 166 TLLOL 900 000 ST0 89TE 980 TBEL 150 900 SO0 £e'Le
ylee 9LLL 0 4 8 ciet 8 859 6 3 3 166 6866 000 €00 LZ0 Zelc [e0 viel 1444 $00 €00 G6'9e
LEeE  Zv've o] 4 ] g0el € 159 ot 3 0 000L e€L66 000 €00 €0 syZe  veQ  L06C e 00 000 oLe
L0'ee  ¥Y'S9 3 0 6 ecer ot 659 2 3 0 86 96'66 €00 000 €0 s87c vv0  9l'6l 820 00 200 £L9E
sujo
LL09 6579 o] 56T 8l vIbL o€ ez oy SPOC  S¢  6LLL OLi6 000 00L 89 lZe 8c0 S 8c0 6E'LL a0 8905
oz08 /8 14 00e asbL  lovi  vE SLZT 1S 8v¥0Z 09 C/8. 6996 €00 L0t 888 TV oT0  sLlL o el 50 9008
89°/9 6G'€S L gze o6yl BEOL ¥ 222421 Z6LC  C9  [BLL S8L6 800 VL 1z g 22 A 620 e S0 Sy'Ls
Lbv9  LEES 81 (344 6ivL  ZeZi  9e [FRAAN A 0ElT S8 Ivil 1118 S0 e 9L Lbe 80 L&'l Zz0 9641 L50 9z'Ls
¥6'59  GL'6s L S6T povL  €6iL OV 88EC 6V 8€LT LS LL9L €446 vLO 00F 868 9§ L0 981 o oLl 090 mv.om
ss8y
S4 OM W44 NW3d IN eN €D BN UN 84 o] v WiCi OIN OCYN  OvD  OODW  ONW Odd eOZ¥D €OCIV  ZOIL cols
85INY Buneay 0'b-MI 0.081}



€89 O o] o] %4 €80T 8y 9 0 Sl SPGiL peE8L 000 000G 000 OL0 8996 STO 200 000 200
0808 ¥ 0 [44 4 pesLL & 0 € a €8'9el  Z96e 100 000  L0O W00 L0l €00 000 00 mo,o
ejew
ys €Ty 3 3 4 8% 147 865 €551 gle €y € S8'¥6  S00 100 v0O0 206 sPo eioL Wwes  09'L 9l 600
89Sy Ovee Z 3 € [i74%] 43 14514 6ell I8 T, 4 85/6 800 100 800 1THL €0 oLt 1Gsy ST T80 nwo
{owds
Z9LL 69T 8L LS6C 3 ¢ s Lest 2t Lpe €C LS € €L6L  09'10L $0O0  LOO  BEL  iPEZ 680 8YLL €80 €Tk [ARY] 0695
L6l S6'E  OLOC 8L6C 0 4 L2 igpL €1 ae 14 14 € 0/61 60104 000 €00 €0C 6082 €p0 WLTE 680 80°L (494 LLGS
€L'8L 90¢€ vL6L €PSE L € 09 L0814 eLle 74 Se € G461 SPO0L SO0 ¥OO  L6L &¥BC &80 9STL 880 €80 Lo 09'68
€902 €£€  pell 959¢ 0 3 2] 85t 1t 66€ [ 4 j:74 € €661 0004 000 100 89) 9ELZ  9E0  eEeEl 6L0 990 oo GL68
SL0T POE  OFIZ i86E z 8 19 oiss ol 1434 gt 14 4 8881 6966 800 L0 LSL  808C yEO0 L€l 950 80 L0°0 Ly'ys
LS6L 80E EL0C 6Z.E 0 € 09 €ost ot [2:1 €T €T z G861 €5'00L 000 P00  8§L  BEWC  YEOD  ¥8TL Z80 SS'0 100 cm%m
syuceh
s8LL 06l€ ¢} 0 9 €est 6 pasiy 33 |4 o 986 9800L 000 00C IZ0 9Eey $p0 6891 FASY:] €10 000 g0'6e
80LL OL'9Y 4 o] 9 el S AR 8 4 o] E00L €8°00L L0 LOO L2068ty PEC 809 ge'0 800 000 €00y
gvLL L6 4 1] 9 gigt 6 re e Z 3 y00L  v900L Y00 000D ZZ0  pley Wwo  geel o 800 500 668
96'LL 86EY 0 0 9 ora- TR Lye 8 Z [ 666 Zp00L 0O 00 ZZO  8bEr 8D eyl o 800 00 y96€
- WATEN:1 834 i 0 L cegL 8 ere 8 [ t v66 8866 ¥OO 000 S0 60€Ey 6E0 6EOL 124" 9200 €00 6168
08'LL 880V € ] 9 8L 6 6ve 9 [4 [¢] 666 €8°00L LLO0 000 ¥ZO 9Tey OvO 959l 8z'0 800 Q00 9968

669l Zeoe ¥ 0 9 segL 8 188 9 4 0 666 OOl 020 000  ZTT0  ZBEr  €P0 8001 8z'0 800 z00 :

L2 e 13 0 L 0g9L 6 ive 8 3 0 000L  ZE00L €00 000 G20 8EEy €P0 9191 6€0 yo0 000

6Ly tzoe o 8.2 €6yl O¥9L 6 gL € 6Z/C €9 TZBL TS86 000 00L 016 89L 280 6.6 820 [4% 13 850 q0'es
¥S0F  PL8T 3 LyT 74T VAT 4 4 [AAN N 4 9ZLT S8 [8SL 16l 100 990 ¥86 8L% ye€0 696 LE0 0091 080 av'zs
&Zoy 9562 0 9ee 8051 ¥69L  OF [ 1N, 4 4 00LC 89 ZI8L O/ 000 080 596 BLL ZEC 856 8EC oL'st 90 8128
SGLy  SBYE € 69z yZSL 1591 vE 86il TP SI8C €9 9Z9L 6086 €00 960 y86 99/ g20 166 180 oLst 850 9L'CG
¥ZTy OLve 0 00e 851 64S8F  sE GBLL  6¢ 800C /S G68. 8LU6 000 90F  TLOL 8CL 8z0 96 veo LLSE 50 9L'es
G968 06'L€ I3 €0¢e 8yL L8l Ze 60t Iy LIST 89 199L 86'/8 800 80'L 996 iv'e 90 866 LE0 LY 90 88'CS
sseif
84 OM  Wdd  NW3d eN el L UN LE] 10 v [ [ WIOL  OIN QYN O¥VO OB ONW O34 £0cHD EOCTV  COIL coIs
95NV bunesy S LM 0.0811



152

[(yog 0p/0BW)+(9v8 L 2/004)+(80°95/0eD)] / (9¥8 L L/08) = SH
[(yog 0v/OBN) +(9¥8 L L/0°4)+(80°95/0€D)] / (80'95/08D) = OM
[(POE 0F/0BW)+(8E6 0L/0UN)+(9Y8 L L/O3D] / (9¥8° L L/O®H) = N
(8€6°0L/OUN) / (9¥8° L L/O®4) = NW3d

el o) suabAxo QooveZ
(suabAxo goo¥ Jod suoned 0ot = jauids |eapl) |auids Joj suabAxo 000
(suabAxo 009 Jod suoljeo Qooy =suaxoiAd [eapi) ayuoabid Jo) suabAxo 0p09
(suabAxo gpoy Jad suolleD QOOE = SBUIAID [BaPI) 8UIALO Jo} suabAxo QooY
sse|b 10} suabAxo ooz U0 paseq sejnuwiioj [elouill uoned

988l Zee 3 4] S glgt ot 6.€ kb 4 3 €86 £b'66 800 000 L0 €T  8v0 19/l 960 800 €00
9c8l  Ob'iy L 0 4 GigL 6 Goe 8 4 0 266 61000 Z€0 000 €0 09C¥ Wwo 8Ll [44Y] 900 00
sk8l oy 4 0 Z 8094 6 99¢ 6 4 o 866 L0001 80 000 8O0 evZY  oy0  OT/L o 900 200
1981 9649 ] 4] 14 gigl ¢9 €le ol 3 o] 166 85001 000 000 €0 S8%F 0e0 18/t 050 00 000
gLel 08.l¢ s 4] € Zgr oL 274 ot 3 o v86 80'00L SZ0 00 OO 98Ty  9v0  19'LL 0S°0 Y00 000
P8l £58¢ 4 0 € oigL  0OL 49¢ 6 3 0 966 89566 800 000 OLO0 8TTY w0 LLLL wo o0 00
et eley 3 0 € ovel 8 182 6 3 0 £86 €166 G00 100 L0 oBZY  S€0 90l o P00 Z00
S8LL L¥iv 14 0 € vigl 8 ose ] 3 0 ¢o0L  Lii0L 610 100 €10 9ler  OPO 089t o ¥o0 000
zL8L zoey 4 3] 4 oigL 6 eLE [+13 3 0 66 0L'66 60 000 €10  eTZY o0 epiL [3:2¢] 00 200
1551 ) v [ € €08 £ i) L 3 O ¥00L 0166 0Z0 000 OL0 /6y Z20 €69l 5S¢0 200 000
y88lL GLIv € 0 4 ozeL 6 €LE [+ b 3 886 €066 #L0 000 €10 eLZy  Oop0  Zell JAAY] 200 €00
ye8L YS9y 14 0 € gigL 8 LLE < 3 o 186 og'e6 610 000 0L0 g6y 80 Wyl 850 200 000
68'8F 8Tt O 4 G68 iwve vl HyZ 08 eiel gy L66L  brl6 000 [00 €8S 980t 850 8061 190 Le°L oo
SE'ES SEE ¥ A3 pi8 60eT 8 SeLL 16 0sZL 8¢ [T6L TTl6 €00 v00 S5 8001 €90 8Tz 080 069 £e0
€5l 16LZ G (43 8ce 889 06 sz 86 08LL 62 G96L L¥I6 000 VY00 B80S 98'Lt 0L0  elsl 80 8v'g A
€9CS  18'le Zi St 006 89¢T 68 9ZLz 201 6v0L  9e 1608 LL86  0L0  G00 85 S50 190 s9'iT 980 L6'S ze0
Sd OM  Wdd NW34 N EN eD bW un EE] 0 v L s WOl OIN OCLYN OVO OSW ONW O34 e0Wd eOZV ZOIL [£ell

ZONY Buneay S 0-MI 0.00¥1



